HayKoBO-NpaKTUYHUI XypHas

METPOJIOTA
TATIPUIIALA

Metrology and Instruments

720¢/¢

=

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




ISSN 2307-2180 (print)

NURE

Memporozis
ma npuraou

2024, Ne 2

WoniBpiuHnn
HayKOBO-NPaKTUYHUN XKypHan

3acHoBaHuin y 2006 poui

Y xypHani nybnikyloTbCcs pesynbTatM OOCNIMKEHb 3
TEOPETMYHOI, 3aKOHO4ABYOI Ta NPUKNagHOI MeTpOonorii,
cTaHgapTm3auii Ta cepTudikauii, BUMIpIOBaHHA Ta
3abe3nevyeHHs  sIKOCTi, ekcnnyaTauii Ta  po3pobku
cydacHux iHgopmaLlinHo-BMMIpIOBanbHMX npunagis Ta
cuctem. KypHanm  npusHayeHun AN HayKoBMX
npauiBHUKIB, BMKNagaYis, CniBpOBITHUKIB kanibpyBansHNX
Ta BUNPOOyBanbHNX nabopaTopin, [JOKTOpaHTIB,
acnipaHTiB, a TakoX CTYyOeHTiB CcTapwmx KypciB
BignNOBiOHUX crevianbHOCTEN.

3acHOBHMUK i BupaBeLb:
XapKiBCbKUI HaLlioHanbHWUN yHiBepcUTeT
pafioeneKkTpoHiku

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

E-mail pepkonerii:
mi@nure.ua

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

XapKiBCbKM HaLiOHaNbHUN
YHIiBEPCUTET padioeneKkTPOoHIKu

Kharkiv National University
of Radio Electronics

ISSN 2663-9564 (online)

M@

Metrology and
Instruments

2024, No. 2

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

BameepdxeHuti 0o OpyKy Haykoso-mexHi4Ho padoro XapKieCbKo20 HauioHaIbHO20
yHisepcumemy padioenekmpoHiku (npomokorn 8id 28 nucmonada 2024 poky Ne 11/3).

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

BxknroueHuti 0o “Tepeniky Haykosux ¢haxosux sudaHb YKpaiHu, 8 SKux Moxymb rnybrikysamucs pesyrbmamu oucepmauitiHux
pobim Ha 3006ymms Haykosux cmyrneHie O0Kmopa HayK, kaHOuGama Hayk ma cmyreHs dokmopa cirnnocogii”
0o kameeopii b — Haka3om MiHicmepcmea oceimu i Hayku YkpaiHu Ne886 gid 17.03.2020. (3i amiHamu 8id 02.07.20)

XapkiB o 2024

© XapkiBCbKW HaLiOHaNbHUI YHIBEPCUTET pagioeneKkTpoHikn



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);
MEHHEKKI ®paHyecka
(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 PENNECCHI

(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

3ArAJlIbHA METPOJIOrIA

Minywee I'eopein
Jxepena HEBU3HAYCHOCTI Pe3yIbTaTy BUMIpIOBaHb
SIK €JIEMEHT BUMiPIOBAIBHOTO MPOIIECY (ENg.) .....n...... 5

Kowosuii M. /., Kypaxcin /1. B.
JlocuimkeHHs. MeToly OJKOJIMHUX KOJIOHIH IpH ONTH-
Mizanii rianiB 6araTroakTOpHUX EKCIIEPUMEHTIB ...... 9

Cepeoiwx O.€., Tpypan M. M.

JlociKeHHs MPAKTHYHKUX aACTIeKTIB BUKOPUCTAHHS
MYJBTHAT€HTHUX CHCTEM B iH(OpMaIliifHo-
BUMIPIOBATEHUX TEXHOTOTIMX veevvvvernveenrrenveenveeniveannns 13

Kopooxko A.I., Kocmoecokuit O.A., Cypicko K. A.
HoBwuit mijixij 10 BCTAHOBJIEHHSI HOPMATHBHOTO
3HAYCHHS XapaKTCPUCTUK BIACTHBOCTEH 00'€KTa
BHITPOOYBAHD ....eevvvenvrenreeererreensaenseenseessessesseesssenseenseenes 18

BUMIPIOBAHHA

Bourwpa O.A., 3aooporcna I. M., 3axapos LII.
OniHIOBaHHS HEBH3HAYECHOCTI BUMIipIOBaHb

KOOpJIUHAT 00’ €KTY NajJeKOMIpPHO-KYTOBUM

METOJIOM Ha IIOMTHHI (€NE.) ..veevvrervreerienieenveenveennns 23

IOpuenxo 0.1, llles¢uenko 1.P., baknanosa JL.B.,
Yepnoxcyx T.B., baknanog O.M.

loHomeTpuyHe BU3HAUYEHHS (PTOPUA-IOHIB Y BOJAX i
PO3YHMHAX KYXOHHOI COJIi 3 BUKOPHCTAHHSM YJIBTPa3BYKY..... 27

Xopowaiino I0.€., Cezonosa LK., /leemapvos O.B.,
Kopoeyvkuii M.B., bineyvkui I1.M.

JlocmimKeHHS MOKITUBOCTEH BUKOPUCTAHHSI €IIEKTPOH-
HOT KOJIOPUMETPIT B MEITUTIHI ..vveeeeveeerieereeiveenereenns 32

Kpunuuskuit O.C., Puouun b.P.
JlocnimkeHHs TPUIIafoBOro 3a0e3MeueHHsI OI[IHFOBAHHS
SIKOCTI €JICKTPUIHOT CHEPTIT ..vvvevrevveerenieenieeeeseeesnnenes 39

KBANIMETPIA TA 3ABE3MNEYEHHA
AKOCTI

Muxuituyk M.M., Pyoux FO.1., Xpucmuu B.IL.,
Anopieus B.B., bonoap /1.10., Pomawkin JI./1.
KBasiMeTpuaHU METOT OLIHIOBAaHHS MPOIIECIB CHCTE-
MH YTIPABIiHHS SKICTIO MiATPUEMCTBA. ...ccvveervveeerennes 44

Hikonoea Onena, Kynose Ceemocnas.

Amnaini3 pe3ysbTariB cXeMm NepeBipky kBasidikarii
MeTpostoriynux adoparopiit Kosnoayiicekoi AEC
LIUISIXOM MDXKJ1a00OpaTopHOro NOpiBHSAHHSA (eng.)....... 50

GENERAL METROLOGY
Milushev George
The sources of uncertainty of the measurement result as
elements of measurement process ..........ccocceerveereveens 5

Koshovyi M.D., Kuraksin D.V.
Study of the bee colony method in optimizing plans of
multifactor eXperiments ...........cocceervereereeeceeseereeneenns 9

Serediuk O.Y., Trufan M.M.

Research on the practical aspects of using multi-

agent systems in information and measurement
teChNOLOZY ...eeeeieiiiiieiceeee e 13

Korobko A.I, Kostovski O.A., Surzhko K.A.

A new approach to establishing normative

values of characteristiks of the test object

PIOPETLICS .vvevvieneienieeiieeieiesteeteeeeeeetessaeieesseeseennesneenns 18

MEASUREMENT

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

of object planimetric coordinates using

the rho-theta method...........cccoooeiiiiiiiiiis 23

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

Tonometric determination of fluoride ions in water

and solutions of table salt using ultrasound................. 27

Khoroshailo Yu.E., Sezonova LK., Degtiarov O.V.,
Korbetskyy M. V., Biletskyy P.M.

Research on the possibilities of using colorimetry in
MEAICING ...eeiiiiiiiieiieieeee e 32

Krynytskyi Oleksandr, Rybchyn Bohdan
Research on instrumentation for electrical power
quality aSSESSMENL .....ccveervreereeeieriieniieieeieesieeeeeeeseeenes 39

QUALIMETRY AND QUALITY
ASSURANCE

Mykyychuk M.M., Rudyk Yu.l., Khrystich V.P.,
Andriets V.V., Bondar D.Yu., Romashkin D.D.
Qualimetric method of evaluation of processes

of the quality management system of enterprise ......... 44

Nikolova Elena, Kunov Svetoslav.

Analysis of the results of proficiency testing schemes

of Kozloduy NPP metrological laboratories through
interlaboratory cOmparison ............cccceceevereeeeeereennens 50




Metrology and Instruments 2/2024 MeTponoria Ta npunagm

Table of contents 3micTt

Mowenxo 1.0., 3anoposceysb O.B. Moshchenko 1.0., Zaporozhets O.V.

TexHomOTis BIPOBaKEHHS MOJIEII YIIPABITiHHS SKICTIO Technology for implementing the Lean Six Sigma

Lean Six Sigma y BHIIMX HaBYAIbHHUX 3aKJIaax. quality management model in higher education

Yactuna 2: AHaI3 HEBIAMOBIAHOCTEH, BAOCKOHAICHHS institutions. Part 2: Inconsistencies analysis,

HaBYAJILHOT'O MPOLIECY Ta KOHTPOJIb CTAJIOCTI educational process improvement and control

MOKPAIICHD (€112.) .evveveerreeererrerieerieesseesessresseesseesseenns 56  of improvements sustainability ...........ccccceeveevieviennenns 56
+

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




3AlrAllbHA METPOJIOrA / GENERAL METROLOGY

UDC 006.91:53.088 DOI: 10.30837/2663-9564.2024.2.01

THE SOURCES OF UNCERTAINTY OF THE MEASUREMENT RESULT
AS ELEMENTS OF THE MEASUREMENT PROCESS

Milushev G.S.

Technical University of Sofia, Bulgaria

Abstract

Research objective — to facilitate the detection and determination of the contributing components associated with the
sources of uncertainty in measurements across the full range of aspects of calibration, testing and inspection and process
control. In the paper, based on the concept of the duality of measurement process — measurement result, the five elements of
the measurement process ware divided and classified as base sources of uncertainty. Some relations with other references
with more or less structured classifications of the sources of measurement uncertainty are exampled. The scientific
contribution is the application of a universal approach to determine the sources of uncertainty before empirical or
experimental assessment of their contribution. As a result of the study the initial analysis of the sources of uncertainty is
unified and simplified by asking the question of the contribution to the measurement uncertainty of each of the well-defined

and universal five element of the measurement process.

Keywords: measurement, process, result, uncertainty, sources of uncertainty in measurements

1. Introduction

A fundamental issue in measurement, and
especially in calibration, is the correct estimation of
uncertainty, which is possible by accounting for the
contributions of all its significant components. While
uncertainty evaluation methods are well analyzed,
developed and described [1-9], the detection and
determination of the contributing components
associated with the sources of uncertainty remains
within the realm of the metrologist's empirical expertise.

In the paper “A Concept of Measurement Process-
Result Duality in the Context of Measurement
Uncertainty” [10] was explained the duality of the
measurement process — measurements results. The main
presented idea there is that the result is not an element of
the measurement process because it is a product the
process. This concept opposes some other classifications
where the result is considered as a component of the
process [11]. Based on this concept, we can classify and
separate the elements of the measurement process and the
elements of the measurement results.

In the paper [10], after analysis of well-known
sources [2-7, 12-17], the five elements of the measurement
process are specified as follow:

e measurement object;
measurement method;
measuring instrument;
measurement subject;
influence factors.

According VIM [12] §2.9 NOTE 2 “A measurement
result is generally expressed as a single measured quantity
value and a measurement uncertainty”.

Therefore, the elements of the measurement
results are:

e measured quantity value;

® measurement uncertainty.

From its own side VIM [12] §1.19 the quantity value
consists “value number and reference”. For completeness,
we note that uncertainty is also expressed by value number
and dimension.

As emphasized in [1] “The errors characterize the
measurement process”. The analysis [10] of the elements
of the measurement process define the respective errors.
Consequently, the sources of uncertainty can be specified
by considering un-excluded errors in the measurement
process as the cause of measurement uncertainty.

The primary sources of the components of
uncertainty are related with the elements of the
measurement process [10].

The purpose of this report is to specify and detail
essential components of the uncertainty inherent in the
individual elements of the measurement process.

2. Object and subject of the measurement
process

Talking about the measurement process, adhering to

VIM [12], instead of quantity is preferably usage of the
term “measurand” where in § 2.3 it is defined as a
“guantity intended to be measured”. Considering the most
abstract definition according NOTE 3 to the same
paragraph (2.3) of VIM [12] here the measurand is hamed
OBJECT of the measurement.
Considering the measurement process as an abstract
process it is an interaction between the OBJECT and the
SUBJECT of the process (Fig. 1). In the measurement
case, the SUBJECT of the measurement process could be
an operator, device, controller, algorithm or any subject
who is using the measurement result.

© Milushev G.S.
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OBJECT SUBJECT

Fig. 1. Interaction between the object and the subject the
measurement proces

The interaction in the process is always both ways,
even often in the measurements the influence of the
SUBJECT over the OBJECT is negligible.

The measurement is a quantitative process. Before
obtaining the digital values of the quantities (of the
OBJECT), the SUBJECT shall pass the qualification of the
OBJECT. That means the SUBJECT has an a priori
imagination about the OBJECT before measurements. This
a priori imagination is related with the identification of the
OBJECT and its classification to a group of OBJECTS.

The a priori imagination for the object is named a
“Model” of the OBJECT [18, 19]. The model, more or less
adequate to the OBJECT qualifies it to a group of objects
having the same quantity or set of quantities (in the most
sophisticated cases), possible to be measured.

3. Measurement method and measuring
instrument

The interaction between the OBJECT and the
SUBJECT always happens according to any METHOD,
named measurement METHOD (Fig. 2). VIM [12] § 2.5
says “measurement method” or “method of measurement”
is a “generic description of a logical organization of
operations used in a measurement”.

METHOD

OBJECT SUBJECT

Fig. 2. Interaction between the object and the subject
according a method of measurement

The METHOD is based on the key principles [2, 7, 12]
of interaction between the OBJECT and the SUBJECT of
the measurement process. All qualifications of the OBJECT
shall be considered in the METHOD of measurement. So,
some authors unreasonably refer the model of the OBJECT
to the description of the METHOD [11]. In this case VIM
[12] with the NOTE to § 2.5 is definitely clear.

The interaction between the OBJECT and the
SUBJECT according to the chosen METHOD s realized
with  measurement tool/s named MEASURING
INSTRUMENT/s (Fig. 3).

//"ff METHOD _‘—_‘_‘_—H‘h‘m
oneer | e [T e |)

Fig. 3. Measuring instrument in the process of interaction
between the object and the subject according to the
measurement method

The definition for MEASURING INSTRUMENT in
VIM [12] § 3.1 is a “device used for making
measurements, alone or in conjunction with one or more
supplementary devices”. As much complex is the device
(instrument), as more the measurement METHOD s built
into its action. In some cases, the realization of the
measurement method needs several simple devices. In
other cases, the METHOD requires just one complex
device. Than METHOD is implemented in the device (Fig.

4).

OBJECT SUBJECT

MEASURING
— —| INSTRUMENT < A

Fig. 4. Realization of the measurement method in the process
with a complex measuring instrument (measuring system
according VIM)

Such complex devices, often used in on-site
measurements, in VIM [12] are named “measuring
systems” with a respective definition in § 3.2. To simplify
the exposition here is used the name MEASURING
INSTRUMENT only.

4. Influence factors

The INFLUENCE FACTORS are circumstances and
respective quantities, which deviation affects the
measurement result. VIM [12] § 2.52 is talking about
“influence quantities” with a definition: “quantity that, in a
direct measurement, does not affect the quantity that is
actually measured, but affects the relation between the
indication and the measurement result”. The exposition
here prefers the GUM’s definition for “influence quantity”
as a “quantity that is not the measurand but that affects the
result of the measurement” [2]. In this way the
INFLUENCE FACTORS impact over the MEASURING
INSTRUMENT, over the OBJECT of measurement, and
could influent over the SUBJECT (Fig. 5).

MEASURING o
e L —| NSTRUMENT o) — | SUBJECT
\ \ )

i [

OBJECT

AAAA

INFLUENCE FACTORS

Fig 5. Impact of the influence factors over the object,
measuring instrument and subject of the measurement process

5. The elements of the measurement
process

The specified five elements of the measurement
process: OBJECT, SUBJECT, METHOD, MEASURING
INSTRUMENT and INFLUENCE FACTORS exist and
can be analyzed in all cases of measurement processes.

For example, in calibration (Fig. 6), the OBJECT is
the device being tested (most popular as device under test —
DUT or unit under test UUT), the MEASURING
INSTRUMENT is the reference tool (calibrator, reference

© Milushev G.S., 2024
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measure etc.) and the SUBJECT is an operator.

CALIBRATION
REBULT

WA

=
URCERTAINTY
INTERVAL

METHOD

I

OFERATOR

,T.

%____J

Fig. 6. Measurment process and its elements in calibration

=
I

‘ INFLUENCE FACTORS

REFERENCE

The result in calibration is a value and inherent
uncertainty for each calibration point.

In testing and inspections we add a NORM to
compare with the indication of the MEASURING
INSTRUMENT. The elements of the measurement process
are the same.

PASSIFAIL+
RISK

SUBJECT

METHOD

MEASURING

ORIEGE INSTRUMENT

|
‘TMM

INFLUENCE FACTORS ‘

Fig. 7. Measurment process and its elements in testing and
inspection

In this case, the result is a decision from the type
PASS/FAIL and the measurement uncertainty reflects on
the risk type o or p.

In case of control of a process, the result from the
measurement process is used to form an IMPACT over the
OBJECT.

RESULT

IMPACT VALUE+
UNCERTAINTY

INTERVAL

/m T
oo MEASURING s R
OBIECT g L 1 INSTRUMENT |lee)— —| SUBIECT
ANAAN AMAA
|

L 11—

INFLUENCE FACTORS

Fig.8. Measurment process and it’s elements in control of a
process

The uncertainty of the result here reflects on stability

of the control and often leads to inaccurate process
stabilization.

References

6. How the GUM sources correspond
to the elements of the measurement
process?

Let briefly make a correspondence between
mentioned above GUM’s [2] sources and the elements of
the measurement process:

a) incomplete definition of the measurand -
Inadequacy of the model;

b) imperfect realisation of the definition of the
measurand — Inadequacy of the model;

c) non representative sampling — the sample
measured may not represent the defined measurand —
Subject;

d) inadequate knowledge of the effects of
environmental conditions on the measurement or
imperfect measurement of environmental conditions —
Influence Factors;

e) personal bias in reading analogue instruments —
Instrument;

f) finite instrument resolution or discrimination
threshold — Method,;

g) inexact values of measurement standards and
reference materials — Instrument;

h) inexact values of constants and other
parameters obtained from external sources and used in
the data-reduction algorithm — Inadequacy of the
model;

i) approximations and assumptions incorporated in
the measurement method and procedure — Method;

j) variations in repeated observations of the
measurand under apparently identical conditions -
Influence Factors.

7. Conclusion

The sources of uncertainty are defined in the
measurement process. These fractions of uncertainty form
the combined uncertainty and finally expressed in
measurement result via expanded uncertainty.

Each specific source of uncertainty refers to the
respective element of the measurement process. It is
much easy for the metrologists, to start analysis of the
sources of uncertainty with the well specified and
universal five element of the measurement process:
Object, Method, Measuring instrument, Subject and
Influence factors.

Then the analysis could be deeper with the specific
appearance of the factors of each element.

The approach of this concept is universal for all types
of measurements on the stage of determining the
uncertainties.
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JLxepeiia HeBU3HAYEHOCTI Pe3y/IbTATy BUMIPIOBAHHS SIK eJIeMeHTH BUMipPIOBAILHOTO TIpoIiecy
I'.C. Minymies

Abstract

MeTa mOCHi/UKEHHS — TOJETIINTH BHSBICHHS Ta BH3HAYCHHS CKIAJOBHX KOMIIOHEHTIB, MOB’SI3aHMX i3 JDKepeslaMu
HEBHU3HAYECHOCTi y BUMIPIOBAaHHSIX 110 BChOMY Jlialla30Hy acleKTiB KaniOpyBaHHs, TECTyBaHHS Ta KOHTPOJIIO, @ TAKOX yHPaBIIiHHS
TEXHOJIOTIYHMM IpolecoM. Y CTaTTi Ha OCHOBI KOHIEMI MOJBIHHOCTI: MPOIeC BUMIPIOBaHb — pe3yJbTaT BHMipIOBaHb, SIK
OCHOBHI JDKepeJia HeBU3HAUYEHOCTI Po3/ijieHi Ta Kiacu(ikoBaHi IT’SITh IEMEHTIB IPOIeCy BUMIpIOBaHHs (00 €KT BUMipPIOBaHHS;
METO]] BUMIPIOBaHHS; BUMIPIOBAJIGHUN NPHIAJ;, INpeIMeT BUMIPIOBAHHS; BIUIMBAIOUM (aktopu). Po3rismaroTecst 0coOIMBOCTI
MpoIleCy BHMIPIOBaHHS Ta HOTO €NIEMEHTIB NpH KamiOpyBaHHI, BUNPOOyBaHHI, Bepu(ikamii Ta KepyBaHHI mpomecoMm. Sk
MPUKJIaa HaBEJCHI JAesAKi 3B'SI3KM 3 IHIIMMH TOCHJIAHHSAMH 3 OBl MEHII CTPYKTYpOBAaHMMHU KIaCH(DIKAIsIMH JKEpel
HEBU3HAYCHOCTI BUMipioBaHb. HaBOIATHCS BIAMIOBIMHICTE JPKEpEN HEBH3HAYEHOCTI, sKi mepeniyeHi B HacTaHOBI 3 OIiHIOBaHHS
HEBH3HAYCHOCTI BUMIpIOBaHb, €JIEMEHTaM BHMIpIOBaIBHOIO mHpoiecy. HaykoBHII BHECOK — Ii€ 3aCTOCYBAaHHS yHiBEpCaIbHOTO
HiIXOy OO BHU3HAYEHHs JDKEepen HEBU3HAUYEHOCTI Mepel] eMITiPUYHOI0 YU eKCIIepHMEHTAbHOIO0 OLIHKOI iXHhOTO BKiIamy. B
pe3ynbTaTi TOCHiIKEHHsT MOYAaTKOBUI aHaji3 JyKepen HeBH3HAYCHOCTI YHi()iKOBaHMI Ta CHPOIICHUIT 32 paXyHOK MOCTAHOBKH
NHUTAHHS PO BHECOK Yy HEBU3HAYCHICTh BUMIPIOBaHb KOXKHOTO 3 YiTKO BU3HAYEHHX Ta YHiIBEPCAJIbHUX II'ATH EIEMEHTIB MpoLecy
BUMIpPIOBaHb.

Kuio4oBi ciioBa: BUMiproBaHHs, IPOLEC, PE3yJIbTaT, HEBH3HAYCHICTh, [PKEpENa HeBU3HAYECHOCTI BUMIPIOBaHb
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JOCJIZKEHHS METOY BJUKOJMHUX KOJOHIN ITPU
ONITUMI3ZALII TVIAHIB BATATO®AKTOPHUX EKCIIEPUMEHTIB

M./I. KomoBuii, /I.B. Kypakcin

Hayionanvnuii aepoxocmiunuii ynisepcumem im. M.€. JKykoscvrozo «Xapkiecokuii agiayitinuti incmumympy, M. Xapkie, Ykpaina

AHoTauis

CTaTTiIO TPUCBAYCHO BHUBUCHHIO €(EKTHBHOCTI METONy OKONMHHX CiMEeH Yy KOHTEKCTI ONTUMi3amii IUIaHIiB
OararodakropHux mochiaiB. HaBeneni npuknaan epeKTHBHOCTI MeTOLy OMKOIMHOI KOJNOHII MpH onTuMi3amii 6araTohakTopHUX
EKCIIEPUMEHTIB B MOPIBHSIHHI 3 IHIIMMHU METOJaMH ONTHMI3awii. ¥ wiif CTaTTi HATOJIOIIEHO Ha BUKOPUCTaHHI METOLY OKOIMHUX
KOJIOHIH SIK e(peKTUBHOIO 3ac00y ONTHMI3alii MyIaHiB 6araTroGpakTOPHUX EKCIIEPUMEHTIB.

VY cTaTTi eTanbHO PO3MIIAAAETHCS AITOPUTM OJKOIMHUX KOJIOHIH, HOro cXxema Ta peastisallisi y BUMISI porpamMu Ha MOBI
nporpamyBanus C#. ABTOpH NPUBOIATH crHeludidHi NMPUKIAAA 3aCTOCYBAHHS alrOPUTMYy Yy Pi3HUX cdepax, Takux siK,
BHUXPOCTPYMOBHIA [IEPETBOPIOBAY, IOCIIIKEHHS IPOIECY BUMIPIOBAHHS IIUILHOCTI CTPyMy rajbBaHIYHUX BaH Ta aHAJI3 JUITHKH
BepCTaToOyJIBHOTO LIEXY 3 YMCIOBUM MPOrPAMHHUM KEePYBaHHSIM.

CTtarTs po3risgaEe MPOAyKTHBHICTH METOAY OMKOIMHUX KOJOHIM mpu OaraThox (akTopax eKCICPHMMEHTY, 30KpeMa Ipu
301IbIIEHH] TX KUIBKOCTI. ABTOPH POOJIATH OIJIA[ TOYHOCTI PE3yJILTATIB Ta INJAKPECIIOIOTh 3HAYEHHS YBa)XHOrO BHOOpY
mapaMeTpiB Ta HEOOXiJAHOCTI BHCOKOI IMOTY)XKHOCTI KOMIT'IOTE€pa [UIsl JOCSATHEHHS ONTHMAJIBHUX DPEe3yJbTaTiB y HAyKOBHX
nociipkennsx. s crarts Gyjie KOPUCHUM iHCTPYMEHTOM JJisl BAEHHX i IIPAKTHKIB, 10 IIYKAIOTh CIOCIO MOKPAIUTH PE3yIbTaTh

6araTo(hakTOPHUX EKCIIEPUMEHTIB Y PI3HHX Taly3siX HAyKH i IPOMHUCIIOBOCTI.
Kniouosi cioBa: MeTon OKOMMHUX KOJIOHIM, TOCIIDKEHHS, €KCIEPHMEHT, NPOTrpaMyBaHHs, [TapaMeTpH, ONTHMIi3awis,

BapTICTb.

1. Beryn

I3 3pocraHHsM I[iH Ha pecypcH Ta TOBapu
BKJIMBICTh ONTHMI3allli BUPOOHUYMX IIPOILECIB CTaE BCE
akTyanbHimow. KokeH Oi3HeC mparHe 3ajIMIIaTHCS
KOHKYPEHTHHM, CKOPOTHUTH BHTPAaTH 1 BHPOOHHYY
LIHHICTh, 30UIBIINTH IIPOAYKTHBHICTE 1 €(PEKTHBHICTD.
Ile o3Havae onTUMAalIbHE 3IIHCHEHHS KOXXHOTO KPOKY Y
BUPOOHUIITBI, BiJ IOCTAHOBKMA 3aBJaHb [0 BHIIYCKY
TOTOBOI NpoayKIii. OTke, BAKIMBICTh ONTHMI3allii 4acy
Ta PECYPCIB HAJIEKHUThL O OCHOBHHUX Y IOCITIIKEHHI
OaraTo(hakTOPHHUX EKCIIEPUMEHTIB Y cepi BUpOOHHIITBA.

Ile TakoX NPH3BOMMTH IO MOTPEOM 3HAXOMHKCHHS
HAWOUTbII e(PEeKTUBHOrO CrHOCcOOy ONTHMI3alli IUIaHiB
Oarato(akTopHUX eKcriepuMeHTiB[1-3]. Mu nocminKyemMo
Iporiec  YIAOCKOHAJICHHS  IUIaHiB  Oarato(akTopHHX
EKCIIEPUMEHTIB 3 ypaxyBaHHSIM BHUTPAT 4acy i KOILTIB.
JloCIiIKy€eThCS METO, BUKOPHCTAHHS OJ>KOJIMHOT KOJIOHIT
I ONTHMI3amii BHUTpPAT dYacy Ta KOIITIB y IIaHAX
OararopakTOPHUX  EKCIEPUMEHTIB  Ta  BiZMOBIIHE
nporpaMHe 3a0e3nedeHHs A1 poro. Harmomw OCHOBHOMO
METOI0 € CTBOPEHHsS METOAY OJ/UKONMHHX KOJOHIA 1
BIJIIIOBIJHOIO  MPOrPaMHOr0  3a0€3MEYCHHS,  KHOro
BIIPOBA/DKEHHS VIS aHAJI3y TEXHOJOTITYHUX IMPOLECIB Ta
OI[iHKA HOro pPe3yIbTaTUBHOCTI.

Ha gaHuii MOMEHT iCHY€ BeIHKa Pi3HOMAaHITHICTh
CIoco0iB  omTMMizamii  IUIaHiB  06aratohakTOpHUX
ekcriepuMeHTiB. JIJIg MOKpalleHHs LUX IUTaHIB MO’KHA
BHKOPUCTOBYBATH AJTOPUTMH, 3rajilaHi B JOCIIIKEHHSIX
[4-6]. Koxen 3 mmMx migXomiB Ma€ CBOI IepeBarn M
HEJOJIKH, a TaKOX BIIACHY CHELH(PIKy BHKOPHCTAHHSI.
BinbImicTh METOIB, SIKi BUKOPHCTOBYIOTHCS IS ITOIIYKY
HaOMDKEHHSI  ONTHMAJIbHOI  MATpUIll  IUIAHYBaHHS,
3a3HAIOTh MPOOJIEMH 3 TOTIPIIEHHSIM TOYHOCTI PIllIEHHS
Ta 30UTBIIEHHSIM Yacy Ta OOYHCIIOBAIBLHOI MOTYKHOCTI
mpu 301TBIICHH] YKcia PaKkTopiB.

TakyM 4YMHOM, IOTPIOHO CTBOPUTH METOH, SIKHMN
JIO3BOJIUTH MPALOBATH 3 OLIBIIOK KiIBKICTIO (haKTOpIB,
OTPUMYBATH ONTHMAJIBHUI IUIAH €KCIICPUMEHTY IIIBHIIIIIC
Ta 3 MEHIIUMH OOYKCITIOBAJIBHUMH BHTpaTaMu. Y LbOMY
3B'SI3KY PO3IISAAETHCS MOMKIIMBICTD 3aCTOCYBAHHSI METO.LY
OPKOIMHOT KOJIOHIT.

2.Meta cTarri

V¥V cydyacHoMy cBiTi 0araroakTopHi eKCIIepuMEHTH
CXWIBHI JI0 30UIbLIEHHS KUILKOCTI (DAaKTOpiB, OTXKE
HeOoOXiJHa aBTOMAaTH3ALls Ta ONTHUMI3alis. 30UIbIIEHHS
KUTBKOCTI (haKTOPIB MOXKE MPU3BECTH O 3O1IBIIEHHS
WMOBIPHOCTI TOXHUOKH, TOMY HEOOXITHO PO3POOHTH
aJITOPUTM, SIKMH TIPH BENMKIH KITBKOCTI (DaKTOPIB 3MOXKE
3HAWTH PIllICHHS MPH HAMMEHIIH HMOBIPHOCTI MMOXUOKH.
OTKe, IUIAHYETHCS CTBOPUTH METOZ  ONTHMI3aril
ODKONMHMX ~ KOJIOHIH Ui TIOKpAaIIeHHs  IUIaHIB
OaraTo(hakTOpHUX EKCIIEPUMEHTIB.

3.Bukjaa oCHOBHOI0 Mmartepiaay

AJroput™m METOLY 6 1K0IMHOT KOJIOHI1
BUKOPHCTOBYETHCS I PO3B'sI3aHHS 3a/1a4 ONTHUMI3allii
Ta MOXe OyTH peaji3oBaHUN HACTYITHUMH KPOKAMHU.

Inimianizanis.

Kpok 1.

CTBOpeHHST OKONMHOT — KOJIOHIT 3 KUIBKICTIO
O/pKUT Ta IHIIUMU Mapamerpamu (KUTbKICTh iTepallii,
KUIBKICTh OJDKIT B KOXHIN iTepamil Ta KIUIBKICTB
cycimiB).

Kpok 2.

Po3MimenHs O/pKia y CTanuX MO3UISAX BiAOBIIHO
IO 3ajadi.

Hukn itepamiid. [ K0XKHOI iTepartii (TOKOJTIHHS)
KOJIOHIT BUKOHYIOTHCSI HACTYITHI KPOKH.
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Kpox 3.

[epemimuenns Ompkin. Yci OGmkonu 0oOMpPaOTH
HACTYIHHH KPOK Ha OCHOBI BHITAJKOBOI TEHEpalii.
[Ticnst po3paxyHKy 3HaXOIUTHCS HaMKOpOTHIMH Ta/abo
HaliIeneBIIHiA Iepexi i 3armam’ ITOBY€ThCS.

Kpok 4.

Touka cTapTy ycixX OpKiI IepeMilIyeThCs Ha TUTBKU
1110 3HalIeHNH nepexij] Ta NoBToproeThest Kpok 3.

Kpox 5.

3aBeplieHHs iTepauii Ta OLIHKa pPO3B’S3KY.
ITepartisi BBa)KaeThCsl 3aBEPIICHOI0 B TOMY BHIIAJIKY,
Ko Omkonu mpodnnM yci psaaku Marpuui. [lo
3aBEpIICHHIO 30epira€Tbcsi pe3yNbTaT, SKAH IOKa3ye
BapTicTh 200 YaC BUKOHAHHS IJIAaHY CKCIIEPUMEHTY.

[yt mopiBHSAHHS.

Kpoxk 6. BuGip xpamoro po3s's3ky. OOpaHHs
HaWKpamoro po3B's3Ky, 3HAWJEHOro NPOTArOM YCiX

iTepartii.

Kpok 7. 3aBepmienns. [loBepHEeHHS 3HAWICHOTO
ONTUMAILHOTO IIISXY a00 PO3B'A3KY.

Po3pobmeno  mporpamae  3a0e3medeHHs, IO
peaiizye MeToJ| CHHTe3y ONTHMAIbHHUX 32 BapTICHUMH
(dacoBuMHM) BHTpaTaMH IUIaHIB 0aratoakToOpHOTO
EKCIIEPUMEHTY METOJOM O KOIMHOI KoJoHil. Moa
nporpamyBaHHs — C#.

[TpopaxyHKH BUKOHYBAJUCS Ha KOMIT'HOTEpi 3
npouecopom Intel Core i3- 3110M 3 wactoToro 2.40
GHz.

Jns PpO3paxyHKy TIPHUKIIAIIB OyIyTh
BUKOPHCTOBYBATHCh HACTYIIHI ITapaMeTPH MPOTPaMH:

- KinpKicTh 0pxin 230;
- KUTBKICTB iTepartiii 500;
- KUIBKITB CyCiiB 5.

Cxemy poOOTH anropuTMy OJIDKOIHHOI KOJIOHI{

300paxkeHo Ha puc. 1.

Kpok 1 Kpok 2 Kpox 3
IHimiaTi3anis =3 Po3MimeHHs [~ [lepeMileHna
napaMmeTpiB OIpKin Gin

oo d Kpok 6 Kpox 7

pox 4 Kpoxk 5 Budip TToBepHeHHA
TlepeMilIeHHAf——3m2 3apepiicHHs [0 —> OITHMATEHOTO
TOYOK CTapTy iTepamii P au.xoro :
PO3B'A3KY HUIExy

Cnem

Puc. 1. CnpomieHa cxema poO0OTH alNropuTMy OPKOIMHOI KOJIOHIT

Pesyneratu ontumizamii. [l mpukimagy Oyia
MpOBEe/ICHA ONTHMI3allisl IDIaHiB  OaratopakTOpHUX
EKCIIEPUMEHTIB JUIsl Pi3HUX 00’ €KTIB.

IIpukaan 1. BuxpocTpymoBuii nepeTsoproBay

[t BUXpOCTPYMOBOIO MepeTBOpioBada  OyJio
ONTHMI30BaHO TIIOYaTKOBHH IuIaH OaraTo(akTopHOTO
EKCIIEPUMEHTY, JIaHi 3Be/ICH1 y pHcC. 2.

Bupimenns Oymno 3HaiineHo 3a 50 cekyHI.

Mpuxnan 2. {ocaigkeHHs npouecy BUMipIOBaHHS
INUIBHOCTI CTPYMY rAJIbBAHIYHHUX BaH

OnrTuMmizanilo MoYaTkoBOTrO IUIaHY E€KCIEPUMEHTY
MpHU JOCTIHKCHHI MPOIlecy BUMIPIOBaHHS IIIJIBHOCTI
CTpyMy TaJbBaHIYHMX BaH MIPDHUMH JaTYHKaMH
NPOBEJCHO 32  KPHUTEpiEM  CyMapHOi  BapTOCTi
npoBeaeHHs. [laHi 3BeJIcHI y puc. 3.

Ha po3paxyHok 3Hag00mmocs 126 cexyH.

Mpuknag 3. JdociaimkeHHsi OUISIHKH BepcTaTo-
OyniBHOrO  mexy 3  YHCIOBHM  INPOTPaMHHMM
ynpaBJIiHHAM.

B sxocti kputepito onrtmMmizamii Oymo oOpaHO
3arajbHUl 4yac poOOTH BepCcTaTiB 3  YUCIOBUM
MporpaMHAM yTpaBiiHHAM. Yac peamizamii InUTaHy
HaBeJIeHO Ha puc. 4.

Ha Bupimenns 3anadi nporpami 3uagodunocs 149
CEeKYHII.

250

204,5
200
150
8
100 18
60,1 56 -
i : i 50,57
) I I I I
0 Z
[Mouarkormit  Metoy Metoa Merog  Meton xoxy
cTaH  BHmagkoBoro Taby-  GmuxomHO! Tpes
nouryky —IOMIYKY  KOMOMHii

Puc. 2. BaprocTi (yMOB.0/I.) ONTUMi30BaHUX
3a Pi3HUMH METO/aMH IUTaHIB 6araToakTopHOTO
€KCHEPUMEHTY JUIS JOCIIKEHHS BUXPOCTPYMOBOTO
NepeTBOPIOBaYa
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200 ' 5
174 250 251
160 215
.
200 2
120 178
97
150
80 73 67
: I I .
0 = 50
[TouarxoBmii  Meton MeTton Taby
IaH MOMIYKY — OKOMIHOI  pomryk
30371l KOJIOHIT O Houarvosnfi  Merox Merox Meron
) ) . cramx obmexeroro  BasomHON HOLIYKY
Puc. 3. BaprocTi (yMOB.0JI.)ONTUMI30BaHHX 33 Pi3HUMH nepeGopy Kolomii 303y

METOJaMH IUIaHIB 6arato(h)akTOPHOr0 EKCIEPUMEHTY IS

JOCITiUKEHHS IIPOLIECY BUMIIOBAHHS LLUIBHOCT] CTPyMy . Puc. 4. Yacu peaizauii (ronmuH) ONTHMI30BAHHUX 32
rANbRAHIYHIX BAH PI3HHUMH METOJaMH IIIaHiB €KCIICPUMEHTY JUISl JOCIiZKEHH]

IUITHKH BepCTaTo0yAiBHOTO LIEXY 3 YUCIOBUM IIPOrPAMHUM
YOpaBIiHHIM

4. BucHOBKH ) .
qacy Ha HOIHyK plIlIeHHH, 10 MOXE CBIAUYHUTHU HpO

3 pe3ynbTaTiB €KCHEPUMEHTIB BUIHO, IO METOJ  HEOOXiJHICTh TapHOi MOTYXHOCTI KOMII'IOTepa, Ha
OJKOJTMHOT ~ KOJIOHII JOBOJII  HENOTaHO 3HAaXOAWTh  SKOMY OyIyTh TIPOBOJIUTHUCS po3paxynku. Cifg
ONTHUMAJbHE PILICHHS, B CEPEAHLOMY TIOKPANICHHs  3a3HAYNUTH, IO SKIIO MIJINTH 10 BHOOpY mHapaMeTpiB
craHoBuTh 13-17% B KOXKHOMY 3 HABEJICHHNX MPUKIALiB.  OLIBII 3BAKEHO (B 3aJ€XKHOCTI Bifl NOTPiOHOI TOYHOCTI
Merton GKOJMHOT KOJIOHIT BUTpadae JOBOJII 0arato  pO3paxyHKIiB), MOXKHA CKOPOTHTH Yac PO3PaxyHKY.
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Study of the bee colony method in optimizing plans of multifactor experiments
M.D. Koshovyi, D.V. Kuraksin

Abstract

The article is devoted to the study of the effectiveness of the method of bee colonies in the context of optimization of plans
of multivariate experiments. Examples of the effectiveness of the bee colony method in the optimization of multivariate
experiments in comparison with other optimization methods are given. This article emphasizes the use of the bee colony method
as an effective means of optimizing multivariate experimental designs.

The article discusses in detail the algorithm of bee colonies, its scheme and implementation in the form of a program in the
C# programming language. The authors give specific examples of the application of the algorithm in various areas, such as the
eddy current converter, the study of the process of measuring the current density of galvanic baths, and the analysis of a section
of a machine shop with numerical software control.

The article examines the productivity of the method of bee colonies with many factors of the experiment, in particular with
an increase in their number. The authors review the accuracy of the results and emphasize the importance of careful parameter
selection and the need for high computer power to achieve optimal results in scientific research. This article will be a useful tool
for scientists and practitioners looking for a way to improve the results of multivariate experiments in various fields of science
and industry.

Keywords: method of bee colonies, research, experiment, programming, parameters, optimization, cost.

12 © M. Komosutii, I.B. Kypakcin, 2024
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AOCZKEHHS TIPAKTHYHUX ACIIEKTIB BUKOPUCTAHHSI
MYJIBTUATEHTHUX CUCTEM B IH®OOPMALINHO-
BUMIPIOBAJIBHUX TEXHOJIOI'TAX

O.€. Cepemtok, M.M. Tpydan

leéano-Dpankiscokuil HAYIOHATLHUL MeXHIYHULL YHisepcumem nagmu i 2azy, leano-Dpankiscok, Vrpaina

AHoTanist

BuxoHaHMiT aHAII3 KOHIENITYIbHUX aCTIEKTiB ITOOYIOBH MynbTHareHTHHX cucteM (MAS). PosrisaHyTo migxonu
no BrpoBakeHHS MAS. Po3pobieno MAS Ha 0a3i 1eHTpamizoBaHOI apXiTEKTypH 3 LIMPOKOK aBTOHOMIEID
IHTENIeKTyalbHUX AareHTIiB, BHKJIaJeHi ii mepeBarn. OxapaKTepH30BaHi OCOOIMBOCTI NMPAKTHYHOTO 3aCTOCYBAaHHS
PO3pOOIEHOr0 ABTOPaMU METOY TIOIBIHHOIO KOHTPOJIIO SIK YMOBH ITOKPAIleHHs] BUKOpUCTaHH MAS.

Kuaouosi cioBa: iHpopMaIiiiHO-BUMIpIOBaJIbHI TEXHOJIOTII, MYyJbTHAareHTHA CUCTEMa, IHTEJIEKTYaJIbHHI areHr,

IJ_ITy‘{HI/Iﬁ iHTeJ’IeKT, AJITOPUTMU MALIMHHOI'O HABYaHHA, CCHCOP

1.Bctyn

B octaHHI poku Bce OUIBIIOI YBaru NPHILIAETHCS
KOHIICIIT MyJIbTHAreHTHHX cucteM, Multi-agent system-
MAS (aHru1.), SIK TIEPCTIEKTHBHOTO ITIXOAY 0 BHPIIIICHHS
npobiemM B iH(QOpMaiitHO-BUMIPIOBAJIbHUX TEXHOJOTISIX
[1]. CyTh Takux cHCTEeM TOJSTa€ B HAsSBHOCTI B iX
apXiTeKTypi MHOXMHM aBTOHOMHHX, IHTEJICKTYaJIbHHX
areHTIB, SIKI B3a€MOJIIOTh OJIUH 3 OJHUM JUISl JIOCSTHEHHS
crinbHOI MeTH. Taka apxiTeKkTypa IO03BOJISE€ ITiIBUIIUTH
THYYKICTb, aJIaNTHBHICTh Ta  MacmTaboBaHICTh
iH(popMaLiiHO-BUMIipIOBAJIBHUX CHCTEM. MAS
3aCTOCOBYIOTH IIPH PO3B'SI3aHHI TakuUX IpoOieM, sKi
CKJIAJHO a00 HEMOXIMBO BHUPIMIMTH 32 JIOHOMOTOO
omHoro areHra abo  MoHojiTHOI  iH(opmauiitHO-
BUMIPIOBAJIEHOT CHCTEMH.

MAS Takox Hamexarb  J0
CaMOOpPraHi3yloThcs, TOMYy IO 3a IX JIOIOMOTOIO
3HAXOIATh ONTHMaJIbHE pO3B'SI3aHHSA 3alayl  0e3
30BHILTHBOTO BTpYYaHHSI. Ilin  onTUMaIbHUM
pPO3B'S3aHHSIM Ui Hamiol  3a7avi  PO3YMIETHCS
pO3B'sI3aHHs, Ha SKE BHUTpadeHa HalMeEHIIAa KiJbKiCTb
€Heprii B yMOBaX 0OMEXEHHUX PecypciB.

T'onoBHa nepeBara MAS — 1ie THYYKIiCTb, OCKIIBKH
cucteMa Moxke OyTH JomoBHeHa M MoaudikoBaHa 0e3
MepenucyBaHHs 3HAYHOI YAaCTUHU NpOrpamu. Takox Iii
CHCTEMH MAalOTh 3IaTHICTh IO CAMOBITHOBJICHHS i MalOTb
CTIKICTh 70 3001B, 3aBISIKH JIOCTaTHROMY 3aracy
KOMITOHEHTIB 1 camoopranizarii [1].

OpHak, BIPOBA/UKEHHS MyJIBTHATEHTHHUX ITIIXOMIB B
iHpopManiiiHO-BUMIPIOBAJIbHI TEXHOJIOTII CTHUKAETBCSA 3
HHU3KOI0 TPOOJIeM Ta BHUKIHMKIB. 30KpeMa, NOTpeOyroTh
BUpIIICHHS TUTaHHS KOOPIMHALIT 1 Y3TOMKEHOCTI il
arcHTIB, 3a0e3neueHHs e()eKTUBHOrO OOMIHY JaHUMHU Ta
3HAHHAMM, ONTUMI3aLil pO3NOAUTY PecypciB, YHpaBIiHHI
CKJIAJIHICTIO Ta IMHAMIKOO TpotieciB. Kpim Toro, icHyroTh
TEXHIYHI Ta METOJOJOrIYHI acCIeKTd, IOB'S3aHi 3
apXiTEeKTyporo,  aJroputMamy,  iHTepdeiicamu  Ta
IHTerpaIlier0 MyJBTHATCHTHUX CHCTEM B iH(opMarliitHo-
BUMIpIOBaJIbHI TEXHOJIOT .

Binomo, mo TeopernyHi kopeHi mapamurMu MAS
3HAXOJSATh CBill MOYaTOK B TEOpil BIAKPUTUX CHCTEM,

CHUCTEM, 1o

3aCTOCYBAaHHS pO3MO/IiJIeHOro mTyuHoro intenekry (PILI),
a TAKOJXK B 3arajbHii Teopil ckIagHux cuctem [1,2].

InrenexryansHi cucremMu Ha ocHoBi  MAS
CKJIAAIOThCS 3 MHOKMHM aBTOHOMHHX MOJIYJB abo
MPOTPAMHUX areHTIB Ta MAIOTh TaKi BIACTHBOCTI:

MOJIyJli € BiTHOCHO aBTOHOMHHMH, MOOUILHIMH,
CaMOJIOCTATHIMH B JKUBJICHHI, Iepefadi JaHuX Ta
BUKOHaHHI (YHKIIIH;

ICHy€ B3a€MO3B'SI30K M)XK areHTaMHu, BOHM 3JaTHI
oOMiHIOBaTHCh iHpOpMAI€0 Ta “IUIUTHCH” 3HAHHAMHU
IS TOCSATHEHHS CIILHUX ITiIEH;

KepyBaHHS  areHTaMd  MOXe
LEHTPATI30BaHUM TaK i JICHICHTPATi30BaHUM;

JIOCTYN 10 iHhopMauiiiHuX JpKepel, 6a3u JaHuX i
0a3u 3HaHb y IHTENEKTyaJIbHUX areHTiB aBTOHOMHHU i
JIEIICHTPaTi30BaHHIA;

JISUTBHICTh areHTIB MepeBaKHO aCHHXPOHHA, X04a
i “xomaHgHA”.

IToBemiHKY IHTENEKTYaIbHIX areHTiB B AWMHAMIYHUX
i EBOJIIOLIOHYIOUMX  CHCTEMax  JOCHKYIOTh 32
JIOTIOMOTOI0 METOJIIB PI3HMX HAayKOBHX IMCLMIUTIH. Tak,
TeOpiss TPUHHATTA pillleHh  3afiMA€ThCsl  HAWOLIBII
3araJbHAMH acIIeKTaMH KOJEKTHBHOI TOBEIiHKH arcHTIB,
TEOpist irop aHaji3ye CTaHH CHCTEM, AHAJIOTIYHUX JIO
KOOTIEpaTHBHHUX irop, CTpaTeriii BEICHHS MEeperoBOpiB;
Teopiss KOJEKTUBHOI IOBEIIHKM aBTOMATIB JOCILIKYE
KOOIIepallifo Ta MOBEAIHKY aBTOMATIB 3 NPUMITHBHUMH
(YHKLISIMH, CIPOMOYKHUX HABYATHCS 33 JIOTIOMOTOFO
cucremH ttpadis i 320x04eHs, Tomo [1].

Teopis MAS noXoauTh BiI Teopii BiIKPUTUX
cucteM, posnofineHoro mrydHoro intenekty(PILI),
3aranbHOI Teopii ckiaaHux cucteM. PIII nos’s3anuii 3
aHaJi30M CHUCTEM, M0 CKIQJAIOThCA 3 OKPEeMHX
He3aIEeKHUX 00'€KTIB, IKi B3a€MOJIIOTH OJUH 3 OJHHM,
Ta MEXaHi3MiB iX KoopauHaii [2].

Ilpu aHami3i CKIAAHMX CHUCTEM BAKIHMBY pOJb
BIZIirpae METOJ CHCTeMHOI nuHaMiku (systems dynamics)
SKH € HAJ3BHYaHHO TMOTY)KHUM IHCTPYMEHTOM JUIst
MOJIETIOBAaHHS, aHAJI3Y Ta TIPOEKTYBAHHS
MYJIBTHareHTHUX iH(QOpMaLiiiHO-BUMIPIOBAJIbHUX CHCTEM.
Bin [03BONSIE BpaxoOBYyBaTH iX CKIAOHY JHUHAMIYHY
NpUpoAy Ta 3abe3ledye MareMaTHYHi OCHOBH  JUIS

oytn 5K
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e(eKTHBHOTO TPOCKTYBaHHS Ta ONTHMI3allli TaKHX
CHCTEM, OCKUILKH B OCHOBI aHAJI3y CHUCTEMHOI JUHAMIKH
3aKJIaJileHa  METOJOJIOTiS, 10  BPaxOBYE  OCHOBHI
B3a€MO3B’SI3KM MDK €JIEMEHTaMH CHCTEMH Ta 4YacoBi
acmeKkTH ii  PO3BUTKY. BINNOBIIHO 10 TNPUHIMIIIB
CHCTEMHOI ~ IMHaMiKM B  XOIl  MOJENIOBAaHHS
IHTEJIeKTyaIbHOI 1H(OPMAIIiiHO-BUMIPIOBATIEHOT CHCTEMH
MOBUHHI BpaxoBYBaTUC MIPUYMHHO-HACIIKOBI
B3a€MO3B’SI3KH MIX ii €lleMEeHTaMH Ta Mi>KareHTHUI 0OMiH
JTAHUMH Ta 3HAHHAMH, IO € HafBayKIMBIIINM €JIEMEHTOM
B MaIlIMHHOMY HaBYaHHI MOJieieli areHTis [2-3].

He MoXHa He BiA3HAYUTH CTPIMKE MOIIUPEHHS
3acrocyBaHHI MAS i B ki0Oep-¢i3uyHuX cucTeMax
(K®C) — Hail0inpl1 pO3BHHYTUX B IHTEIEKTYaJIbHOMY
pO3yMiHHI cucTeMax 300py i aHamizy iHdopmarii. Sk
3azHayaroTh O. }0. Boukapros ta B. A. 'onem6o0 [4] —
“OIHUM 3 KJIIOYOBHUX Y pOOOTI TakUX CHUCTEM €
BUKOPHUCTaHHSI METOJIB Ta 3aco0iB 300py HaHHX, 3a
JIOTIOMOTOK0 ~ SIKHX ~ 30uparoTh  iHQOpMaIiio  Tpo
orouyeHHss KOC, npo BiAMoBiAHI 00’€KTH yIpaBIiHHS
Ta mpo pobory camoi KDC, a TakoX BHKOHYIOTH
nonepenHio 0o0poOKy 3i0panoi iHGopmamii mns i
MOJATBIION0 BUKOPUCTAHHS CHCTEMaMH yIPaBIiHHA
Ta IHmWKAMH KoMmnoHeHTamMmu K®C”. Bracmigok
aBTOHOMHOCTI Ta posnoniieHocti cyyacHux KOC
BHHHKA€E IMMOTpeda y BHKOPHCTAHHI iHTENEKTYalTbHHX
TEXHOJIOTiH 300py MaHUX, AKi [O3BOJSIOTH aaNTyBaTH
BHMIPIOBaJIbHO-00YHCIIOBAIBHI TPOIIECH 10 30YPEHb Y
oroueHHi KOC.

B [5] #ineTbest po AeneryBaHHs 3HAYHOI YaCTHHU
MOBHOBaXGHb 3  TNPUHHATTA  pIilIeHb  OKPEMHM
IHTEJIeKTyaJ JbHUM areHTaM 300py JaHHX Ha OCHOBI
KOHIICMIIi 1HTEJIEKTYaJbHOTO aBTOHOMHOTO areHTa
(intelligent ~ autonomous agent) Ta  TEXHOJIOTIH
OaraToareHTHUX cucteM (multi-agent systems).

IMowactn, xommenmiro MAS  memami dacrime
BUKOPHCTOBYIOTH B peanphux IBC. Tlartent 3i
CTBOpEHH iH(pOpMaLiiiHO-BUMIpIOBAIBHOI cuctemMH [6],
CyTh SIKOrO Imojsirac B po3poOui iHdopmauiiiHO-
BUMIPIOBAIBHOI CHCTEMH, SKa 3[JaTHa BUMIipIOBaTH
¢Gi3uYHI BENMYMHM [UIIXOM MEpPETBOPEHHS (i3UUHOI
B3a€EMOJI CepelloBHIA 3 CEHCOpaMH B EICKTPHYHI
CUrHany, a mnoTiM y 1mppoBi Komu, mnepenbdadae
3aCTOCYBaHHS MHOXXHHHHUX IHTENCKTyalbHUX JaBadiB 3
BUMIPIOBAIBHUMH NI€PETBOPIOBaYaMH, MiKPOIIPOIIECOPH
3 iHTepPEeHCHUMHU TPUCTPOSIMH Ta KAHAIN MIXKBY3JIOBHX
3B'SI3KiB, 110 (PAKTHYHO BIATBOPIOE apxiTekTypy MAS.
Takox 3amaTeHTOBaHa CHCTEMa JI03BOJIIE aBTOMATUYHO
BUKOHYBATH TIPOrpaMy BUMIpIOBaHb 1 mepeaaBaTh
pe3yJIbTaTH Y BUMIISAI HUPPOBHUX KOJIB.

TakuM YHHOM 33/aui MOHITOPHUHTY CEpEIOBHIIA,
BUMIpIOBaHHS (DI3MYHHUX BETUYHMH, KOHTPOJIO 3asBICHHUX
IapaMeTpiB Ta yHPaBITiHHS NPHIAJaMH Ta CHCTEMaMH Ha
OCHOBI IUTYYHOTO IHTEJEKTY Ta MOJENEH MAaIIMHHOIO
HaBYaHHA OO €IHYIOTBCS 1 KOONEPYIOTbCS B OJHIN
iHTeNeKTyalbHili cuctemi. Taki cucteMu edeKTHBHILI 1
MEHIII 3aTPaTHI HIK BUKOPUCTAHHS PO3PI3ZHEHUX CHUCTEM
MOHITOPHHTY, KOHTPOJIFO YH YIpaBJIiHHA. A PO3BHTOK
TeJIEMETPUYHUX CIIOCO0IB Nepenadi JaHuX (SIK 3pOCTaHHS
HIBUAKOCTI Tak 1 BMmicTuMocTi iHopMmarii) Ta
BUKOPHCTAHHS XMAapHUX TEXHOJIOTil HaKONWYECHHS 1

30epeKeHHS OaHUX TapaHTye Mojaiblie 00’ €THAHHS
pi3HOMaHITHUX (QYHKI[IH B OJJHIH CHCTEMI.

Metow craTri € po3poONieHHs — Mojeni Ta
apxitektypu MAS s iHopMaiiiHO-BUMIpIOBaIbHUX
TEXHOJIOTi Ta MPAKTHYHUX ACTIEKTIB 1X 3aCTOCYBAHHS Y
chepi  MOHITOpDUHTY MapamMeTpiB  Ppi3HOIUIAHOBUX
00’€KTIB, B TOMY YHCIi HABKOJIMIIIHBOTO CEPEAOBHIIA.

2.BuKJIaJ OCHOBHOI'0 MaTepiary

3i 3pOCTAOUOI0 CKJIQJIHICTIO CyJacHHX
iHpOpMaIliiTHO-BUMIPIOBAIbBHUX ~ TEXHOJOTIH  MOXKHA
KOHCTaTyBaTH, IO  3aCTOCYBaHHA  TpPaJHLIHHHUX
MaTeMATHYHUX AJITOPUTMIB B yMOBAaX HEMOBHOTH Ta
CynepewinBocTi  BuxifHOi iH(Qopmalii npo craH
CHCTEMH, a TAKOXK 3a HEOOXIHOCTI MPUHHATTS pillicHb B
pealbHOMY 4daci, € JOCUTh HpoOJIeMHHMM. 3a3BHYail
peamizallis ~ €BPUCTHYHHX  METOJIB  Iepeadavae
BHUKOPHCTAHHS PI3HOMAHITHUX MPHUKIAJHUX CHCTEM
IITYYHOTO IHTEJIEKTY (CHCTEMH HiATPUMKH HPHHHATTS
PpillieHb, eKCIIEPTHI CHCTEMH, CHCTEMH aHANI3y B PEKUMI
peanpHOro 4acy Tolo). BkasaHi cucTeMH IPyHTYIOTHCS
Ha TOMY, WO Ui TPHUAHATTS pillieHb B SKOCTI
OOTPYHTYBaHHsS BHUCTyNAa€ EKCHEPTHUH IOCBiA Hid y
MOIOHKUX CUTYalisAX Y Liil mpeIMeTHii o0nacTi.

Jns BnpoBamkeHHss MAS y npakTH4YHI cUCTEMHU
HEOOXiTHO PO3TJITHYTH 3alPONIOHOBAHI HAMM ITiJIXOIH,
SKI MO’KHA ChOPMYITIOBATH y TAKOMY, TIOAHOMY HIDKYE
BUTJISIII.

Acenmuna apximexkmypa. Po3poOlieHHS areHTHOI
apXiTEeKTYpU € KIOYOBUM KPOKOM Yy BIPOBAKEHHI
MAS i Bkifoua€ BHU3HAYCHHS CTPYKTYPH Ta B3a€MOZIl
areHTiB. Mero/u, sKi peai3yroTh areHTHO-OpPIEHTOBaHE
MOJICTIOBaHHST 1 (OpefiMBOPKH [AJIsi areHTHUX CHCTEM,
HAJAIOTh  METOMOJIOTII0  JUIi  OPOSKTYBaHHA  Ta
PO3pOOICHHS areHTiB 1 IX B3aeMoIii.

Koopounayis acenmis. Y MAS areHTH NOBUHHI
CIIBNpAIOBaTH Ta KOOPAMHYBaTH CBOi [il Juis
JOCSITHEHHS CIUIBHUX LiIeH. AJITOPUTMHU KOOpJIMHALII,
SKi TependavaroTh BHUPIMICHHS 3a7a4 3 PO3MOILTY
3aBIaHb, IUIAHYBaHHA Ta MPHUHHATTS pilleHb, TTOBHHHI
OyTH BHKOpUCTaHI Juisi 3abe3nedyeHHS e(EKTHBHOL
KOOpJIMHALIT M)XK areHTaMU.

Memoodu mawunnozo naguanns be3 yuumens ma 3
nioxkpiniennam. BUKOPHCTaHHS LUX METONIB JO3BOJISIE
areHTaM BIOCKOHAIIOBATH CBOI /il HA OCHOBI B3a€MOJi 3
cepenosuieM. Lle 3abe3nedyye MOXKIMBICTH CaMOCTIHHO
HABYATUCS Ta AaNaNTyBaTUCS OO 3MIHHHX YMOB.
AJTOpUTME HaBYaHHS 3 MiAKPIIUICHHSM, Hanpukuan, Q-
HaBYaHHS 200 AITOPUTMH ITIMOOKOTO HAaBYaHHSI, MOXYTh
OyTu BUKOPHCTaHI 115l HABYaHHA areHTiB y MAS.

Memoou onmumizayii. TlepeBakHa OLIBILICTD
MAS noTpeOyroTh ONTHUMI3alii MEBHUX KPHTEPiiB abo
(GyHKIIH. ATTOPUTMHU ONTUMI3allii, HAPUKIIA, TaKi K
TeHETUYHI  QJTOPUTMH,  aITOPHTMH  YaCTHHOK,
QITOPUTMU IMYHHOI CHCTEMH TOIIO, MOXYTh OyTH
BUKOpDHUCTaHI JUIs TOKpaiieHHs podotn MAS Ta
JOCSITHEHHS Oa’KaHUX Pe3yJIbTaTiB.

3rigHo [7] apXiTeKTypa iHTeNneKTyaIbHOI CUCTEMH Ha
ocHOBI MAS mpakTHdHO MOXe OyTH peani30BaHOIO
LEHTPaTi30BaHO a00 JElEHTpaNli30BaHO, Jpyra Jae
MOJKJIMBICTh areHTaM OUTBII CaMOCTIHHO mistu (Tabm.l).

© 0O.€. Cepentok, M.M. Tpydan, 2024
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Ta6unuus | — ITopiBHSUIBHI XapakTe

UCTUKH apXiTekTyp MAS

AcnekTH LlenTpanizoBaHa apXiTeKkTypa JleneHTpaJjizoBana apxitekTypa

KepiBHHULITBO €MHUI [IeHTpabHUI KOHTpoJiep abo | Po3monineHe kepiBHULTBO areHTaMi
KEPiBHHUK

[MpuitHATTA pileHb Pimenns npuitMaroTscs Pimenns npuitMaroThCs JELEHTPaNi30BaHO KOKHHM
LEHTPai30BaHOI CUCTEMOIO 200 areHToOM
KEpiIBHUKOM

KomyHikartist KomyHikaist BinOyBaeTbcs uepes Kowmynikariist BinOyBaeThcs 6e3mocepeHb0
LEHTpai30BaHNI KaHaI ab0 3aco0un MIDX areHtamMu abo gepes3 po3HnoiIeHy
KOMYHiKallil, KOHTPOJIbOBaHI CHCTeMY KOMYHIKaIlii
LIEHTPaJTi30BaHOI0 CHCTEMOIO

MacirtaboBaHicTh MeH1I THyYKa y BiIHOIICHHI Binbur rayyka y BiJHOIICHHI MacIITaOyBaHHs,
MacmTaOyBaHHS, OCKUIBKY 3aJICKNATh OCKLTBKH MO>Ke OyTH po3IojiiyieHa Ha 6araTo areHTiB
BiJI HEHTPAJIi30BaHOI CUCTEMH

Hapiiiaicts 3aeXuTh BiJ HaIiHHOCTI Binbin HagiiiHa, OCKIIEKY HE 3aJIEXKUTH Bijl €MHOIO
LEHTPAIbHOr0 KOHTpoJIepa ado IIYHKTY BiMOBH
KepiBHUKA

O06pobka indopmarii LenTpanizoBaHa crucTeMa OTPUMYE i Kosxen areHt 06po0bJisie CBOKO BiacHy iH(pOpMALIif0
00po0isie iHbopMaILio

AJanTuBHICTH MeH1I ajanTUBHA JI0 3MiHU YMOB 200 Binbnr agantuBHA 10 3MiHE YMOB a00 3001B, OCKIIBKI
3601B MOJKe Peoprani3oByBaTHCh T aJalTyBaTHCS

JIOKAJILHO

Big3HaunMo, 110 KOXHA 3 IUX apXiTeKTyp Mae  cepeioBumia. lle /103BOJs€ BHSBJIATH TCHICHIII,
cBOi mepeBaru Ta oOMeKeHHs, 1 11 BUOIp 3aleXuTh Bil  NPOBOJUTH JIOBFOCTPOKOBE TIaHyBaHHS Ta
KOHKPETHOTO KOHTEKCTYy Ta BHUMOTI JOCIHIJKEHHS a00  BIPOBA/KYBaTH cTparerii JUISE onTUMizamii
3aCTOCYBaHHS. e(eKTUBHOCTI Ta CTIMKOCTi CUCTEMH.

Ha migcraBi aHanmizy [elEHTPaNli30BaHOI CXEMH IlenTtpanizoBaHa apxiTeKTypa CHpHUs€E JIETKii
HaMHU MIPOIIOHYETHCS JUTSL NpPOCKTYBaHHS  IHTerpamii  CHCTEMH  MOHITOPMHTY 3  IHIIHUMH
MYJbTHArCHTHHX  IHTEJEKTyalbHUX iH(poOpMaliiiHo-  iHQopManiiHUMHU CHCTEeMaMH, o JI03BOJISIE
BUMIpDIOBAIPHUX  CHCTEM 0OpaTH IIEHTpali30BaHy  OOMIHIOBATUCS JaHWMH, BUKOHYBATH CIUIBHI 3a/1a4i Ta
apXITEeKTYpy 3 IIMPOKOIO aBTOHOMIEIO IHTEJICKTyalbHUX  3a0e3neuyBaTH B3aEMOMII0 3 IHIIMMH TEXHIYHUMH
areHTiB, OCKUJIBKM TPaKTHYHO € HEMOXIIMBUM  CHCTEMaMH KOHTPOJIIO Ta YIPaBIIiHHS CEPEIOBUIICM.
00’ eTHAHHA JBOX apXiTEKTyp MOAaHUX B Tabm. 1. Y koHTekcTi  iH(pOpMAILiHO-BUMIPIOBAILHIX

Takuii BHCHOBOK BHUIUIMBa€ 3 TOr0, IO  TEXHOJIOTIH /Ui MOHITOPHUHTY MapaMeTpiB cepellOBHINa,
LeHTpajJi3oBaHa  apxitekrypa MAS  mnepenbauae  1eHTpali3oBaHa apXiTeKTypa 3 aBTOHOMHHMH areHTaMu

HasBHICTh IEHTPAJIBHOTO areHra abo KOOpAMHATOPaA,
SKUI BIATIOBiZa€ 3a NPHUIHATTS pIilleHb Ta KepyBaHHS
BCI€I0 CHUCTEMOIO, B TOM 4Yac sK areHTH 3alMaroThCs
300pOM JaHUX 3 CEHCOPIB Ta Iepepavyero 00poOJICHHUX
JIAaHHX 10 LIEHTPAJIbHOTO areHTa.

3acTocyBaHHs [IEHTPaAIi30BaHOT apxiTekTypu MAS
3 ITMPOKOIO AaBTOHOMIEIO IHTEIEKTyalbHUX areHTIiB MPH
MPOEKTYBaHHI 1H(GOPMALi{HO-BUMIPIOBAILHUX CHCTEM
Ma€ 3HAuHI IepeBaru B MOPIBHSAHHI 31 3aCTOCYBAaHHIM
KiacuyHuX  apxitektryp ~ MAS. Tak, 3aBasku
LEHTPAJTi30BaHOMY KEPYBaHHIO 3a0e3Me4yeThCs €IMHA
TOYKa KEepyBaHHS BCIEI0 CHUCTEMOIO, IO CIPOLIYE
MpoIeC MPUAHATTS pPIilleHb Ta KOOPAMHAINIO ik
areHTiB. Kpim Toro, ueHTpanizoBaHa oOpoOKa HaHUX
3a0e3nevye KpaluMid aHami3 JaHuX, L0 Aa€ 3MOry
BUSIBJIATH TPCHIM YU aHOMAJI{ Ta MpUAMATH BiAMOBIIHI

pimenss. Ille oxHiel0 BaXXIMBOIO IEpPEBarold €
ONTUMI3ALLiS pecypciB CHUCTEMHU, OCKIJIbKH
LEHTpaJi30BaHa apXiTeKTypa J03Boyisi€ e(EKTUBHO

PO3NOAUIATH areHTiB Ta PecypcH Ul ONTHMAJIBHOTO
MIOKPUTTS CEPEeIOBHUINA Ta MOHITOPHHTY napamerpis. L{e
MOK€ JOIIOMOTTH YHUKHYTH NyOJIIOBaHHS areHTiB abo
HeoCcTaTKy MOKpUTTS. LleHTpanpHuii areHT 3abe3neuye
MOXJIMBICTb aHANi3yBaTH CHCTEMy B LUIOMY Ta
3IIMCHIOBaTH CTpaTeriyHe YNPaBIiHHA IapamMeTpaMu

MOKe OyTH peanizoBaHa TAKUM YHHOM.

Busnauenns yineii. lleHTpanbHU areHT BU3HAYae
LTI Ta 3aBAaHHS CHCTEMH MOHITOPHHTY MapaMeTpiB
cepenoBuia. Llini MoxyTh BkimtouaTu 30ip, aHami3 Ta
BiIOOpa)KeHHs ~ JaHMX  [Ipo  pi3HI  mapamerpu
CepeloBHINa, TaKi SK TeMIIepaTypa, BOJIOTiCTh, PiBEHb
3a0pyXHEHHS TOLIO.

Bubip ma posmiwenna acenmis. lleHTpansHUN
areHT BHOMpa€e Ta PO3MILIyE areHTiB y BiJIIOBIJHUX
MICIIX cepemoBuia aiust 30opy manmx. Ili arentu
MOXYTbh OyTH JlaBauaMu, MPUCTPOSIMU 300py AaHUX a0
MPOrPaMHUMH MOJIYJISIMH, LIO 3AiHCHIOIOTH MOHITOPHHT
rapameTpis.

36ip 0anux. ArenTH 30MpaIOTh JaHi PO MapaMeTpu
cepeioBMIlla, MO SIKMX BOHM mpukpimneni. L[i nawi
MOXyTh OyTH 3i0paHi 3 BHKOPHCTaHHSIM CEHCOPIB,
nepefayi AaHUX MO Mepexi abo IHIIMMH METOJaMH,
3aJIe)KHO BiJ] KOHKPETHOI peaizaiii CHCTeMH.

Komynixayia 3 yewmpanrvnum acenmom. AreHTH
B3a€MOJIIOTh 3 LEHTPAIBLHAM areHTOM s Iepenadi

3i0paHNX [aHWX Ta OTPHMAaHHSA BKa3iBOK IIOJO
nofanbmux ik, [leHTpampHMH ~ areHT — MOXe
aHai3yBaTH OTPHUMaHI JaHi, TOpIBHIOBATH iX 3i

3a3maierigb BCTAHOBJICHMMH HOPMaMH Ta BIXKHBAaTH
3aXO0JH B Pa3i BUSBICHHS BiIXMIEHb a00 IpobiIeM.

© O.€. Cepemtok, M.M. Tpydan, 2024
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Ipuiinamms piwens ma xepysanus. Ha 0cCHOBI
3i0paHUX JaHUX Ta aHAII3y LEHTPAJbHUA areHr
npuiimMae pilieHHs mox0 HeoOXigHuX 3axoaiB. Lle moxe
BKJIIOYATH CIIOBIIICHHS OIEPaTopiB, aBTOMATHIHE
BUKOHAHHS Aifi a00 B3a€EMOJII0 3 IHIIMMH CHCTEMaMH
Uil 3a0esnedeHHs  Oesmexku  abo  omruMizamii
rapameTpiB cepeIOBUILA.

Mounimopune ma 36imnicme. lleHTpanbHa cuctema
MOX€ TaKOX BKJIIOYATH (QYHKII] MOHITOPHHIY Ta
3BITHOCTI, 5IKi JO3BOJISIIOThH BiJICTE)KYBAaTH CTaH arcHTIB,
sKicTh 310paHMX JaHUX Ta NPOSYKTHBHICTH BCi€l
cucTeMH MoHiTopuHry. Ile momomarae BHABISTH
aHomauii, pobiemMu abo HECHPaABHOCTI B CHCTEMi Ta
3a0e3rneyye 3BiTH JJIs aHAIli3y Ta yIpaBIIiHHS.

B 3anpornoHoBaHii#i HaMH apXiTEKTypi areHTH He
MPUNUHIIOTH CBOT (YHKIIi MOHITOpHHTY, 300py Ta
BiIIPaBKY JaHUX. BOHM MpomoBXKYIOTH (HYHKLIOHYyBaTH
0e3 BTpaTH JaHUX Ul aHaJi3y, BUKOPUCTOBYIOUH OJIOKH
mam’sITi Ta napajenbHi KoMyHikauiiHi kaHanu (puc. 1).
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Puc.1. CtpykTypHa cxema iHTEIEeKTyaJIbHOTO areHTa B
apxitektypi MAS

BpaxoByroun HasBHI jocmimpkenHs [8,9] s
YIOCKOHAJEHHS  mpouecy  oOpoOku  maHMX B
iHpOpMaIiHHO-BUMIPIOBATIbHHUX TEXHOJIOTISAX Ha
apxitektypi MAS TpONOHY€ThCS BHKOPHCTOBYBATH
ITOPUTMH HEKOHTPOJILOBAHOTO HaBYaHHS Ta HAaBUAHHSI
3 MiAKPITICHHSIM.

AnroputMmu Kiactepusaiii, Taki sik k-cepenHix abo
iepapXiuHa KJIacTepU3allis, BHKOPUCTOBYIOTHCS JUIS
rpynyBaHHs mnofioHux naHux B MAS. Ile no3Bousie
arcHTaM BH3HAYUTH BHYTPIIIHIO CTPYKTYpy AaHHX Ta
BHUKOPHUCTOBYBATH i IUIS ITOTANTBIIOT 0OpOOKH.

ANTOpUTMHM  acOIiaTUBHOTO  HAaBYaHHsA, a0bo
acoliaTUBHI HEWPOHHI MEpexki, BAKOPUCTOBYIOThCS IS
BUSIBJICHHS 3B'SI3KIB Ta 3aJI©KHOCTCH MK pI3HUMH
manuMu B MAS. lle nomomarae areHTaM pO3yMiTH
iHpopMmariiiHi  3B'A3kM  Ta  3aiiicHIOBaTH GBI
e(peKTUBHY 00pOOKY AaHHX.

Anroputmu aHanizy rojoBHux kommoHeHT (PCA)
MOXYTb  BHKODUCTOBYBaTHCA  JJsl  3MCHIICHHS
PO3MIPHOCTI TaHUX Ta BUOKPEMIICHHS BaXXJIMBUX O3HAK.

Lle 03BOJISIE areHTaM IMpALOBATH 3 MEHIIAM 00CATOM
JTAHUX, 30epirarouu Mpu [bOMY OCHOBHY iH(pOpMAILito.

ABTOCHKOJICpM —  HEWPOHHI  Mepexi, 1o
BUKOPHUCTOBYIOTBCS JIJISl BIATBOPEHHS BXiTHHUX JaHUX Ha
BUXOJAi. BOHH MOXYyTh BHKOPHCTOBYBATHUCS  JUIS

BUSIBJICHHS CKJIAHHUX 3aJI€)KHOCTEH y BXiIHNX DaHHX Ta
3a0e3nedeHHs e()eKTUBHOTO NPEACTABICHHS JaHUX.

I'eneparuBni 3roptkoBi mozeni (DCGAN) abo
Bapialriitni aBTOCHKO/ICPH (VAE), SKi
BHUKOPUCTOBYIOTBCSL I TeHepamii HOBHX 3pasKiB
nmaHux. lle Moxke OyTH KOPHUCHUM, HANpPHKIAZ, IS
JOIIOBHEHHSI HEJNOCTaTHIX [JaHuX abo TeHepamii
CHUHTETUYHHMX JAHUX AJIs TeCTyBaHHSI MAS.

3ae)KHO  BiJ  IOCTaBJIEHMX 3aBJaHb  AareHTH
BHKOPUCTOBYIOUH eKCIIepPTHI 3HaHHS OynyTh
BHKOPUCTOBYBATH BiJIIOBITHI AITOPHTMH JULST
(opMyBaHHS OBHUX, TOYHHX 1 Oe3MEepEepBHUX JaHUX PO
CTaH CepeloBUIA Ta IHII CTaHM MOHITOPUHIY i
KOHTPOJIIO.

SIK OJIMH 3 MPAKTHYHHUX acHeKTiB peanmizaiii MAS
HaMM 3alpoNOHOBAaHMN METOJ HOABIHHOIO KOHTPOJIO
[10]. Meton mepenbayae BHKOPUCTAHHS  JIBOX
HE3aJIe)KHUX CHCTEM BHMIPIOBAHHS JUIS IEPEBIpKH
TOYHOCTI ~ OTpUMaHMX JaHuX. Ilepma cucrema
BUMIpIOBaHHSI € OCHOBHOIO Ta 3abe3medye 30ip
iHpopMalii 3 oTouyroyoro cepenosuiia. J[pyra cucrema
BUMIPIOBaHHS, LI0 IPALIOE MapalieibHO 3 OCHOBHOIO,
BUKOPHCTOBY€E HE3aJIE)KHI CEHCOPH a00 alrOpPUTMH JUIs
MPOBEJCHHS AHAIOTIYHUX BUMIpIOBaHb. [IOpiIBHAHHS
PE3yNbTaTiB JBOX CHCTEM JO3BOJISIE€ BUSBISTH MOXKIHBI
TIOMHJIKH abo BiIXWJICHHS BUMIpIOBaHb.
VY 10CKOHANEHHS METOAY INPHU3BOAUTH O MOXMIIMBOCTI
3aCTOCYBaHHS HOro He JHMIIe I TepeBipKH 1
MOPIBHAHHS OTPHMAaHHX BHMIPIOBaHb 3 CEHCOPIB Ta
JlaBadviB, a TAKOXX MPH BHOOPI aIrOPUTMIB MAIIMHHOTO
HAaBYaHHS  IHTEJIEKTyaJbHHM  areHToM,  BHOOpPY
(GopMyBaHHS €KCHEPTHUX MpaBuiia JUis 0a3u 3HaHb,
Oesmerii Ta 3aXWMCTI Tepegadi JaHMX TOIo. Meron
MOABIHOIO KOHTPOJIO MOXe OyTH 3aCTOCOBaHMH Ha
JIBOX PIBHAX: amapaTHOMY Ta iHTeleKTyaipHoMy. Ha
anapaTHOMy piBHI MOXyTb OyTH 3aCTOCOBaHi Taki
METO/M, SIK IapajelibHi BHMIpIOBaHHs, 30UIbIICHHS
YacTOTH BHMIPIOBAaHHS, IIEPEBIpKa BHMIpPIOBAJIBHUX
NpuiafiB  Ha  TOYHICTh, AaBTOKamiOpyBaHHA  abo
camMoKaniOpyBaHHs ceHcopiB. Ha iHTenexTyanbHOMY
piBHI MeTOJ| MOABIHHOrO mepeabdavae 3acTOCYBAHHS
CKIaAHUX 1 0araTopiBHEBUX aJTrOPUTMIB IITYYHOTO
IHTEJIeKTYy Ta MallMHHOTO HAaBYaHHS, TAKHX SK MOZAENI
0e3 HaBYaHHSI Ta 3 i AKPITUICHHSIM.

BukopucraHHs ~ NOABIHHOTO  KOHTPOJIO  HA
alapaTHOMY Ta IHTEJEKTyaJlbHOMY pIBHSX 3a0e3revye
ICTOTHI IepeBaryu B TOYHOCTI Ta HaAiHHOCTI BUMIpPIOBaHb,
3ano0irac MOTEHI[WHUM TMpoOieMaM, TMOB'I3aHUM  3i
300sMH OOJNAJHAaHHA Ta IIOMHJIKaMH BHMIipIOBaHb,
3aBISKU 3aCTOCYBAHHIO KOMIUIEKCHHUX aJITOPUTMIB Ta
METOJiB NEpeBipKM 3HAYHO 3pocTae e(EeKTUBHICTDH
CHCTeMH 3a paxyHOK aJalTHBHOTO HAaBYaHHA Ta
CaMOBJIIOCKOHAJIEHHS], 10 3a0e3reuye BHCOKY TOYHICTh
BUMIPIOBaHb, HAJIIHICTh CHCTEMH, aJaNTHBHICTH Ta
e(eKTUBHICTb y Pi3HUX c(epax 3aCTOCYBaHHSI.

© 0.€. Cepentok, M.M. Tpydan, 2024
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3.BUCHOBKM CHUCTEM, YJOCKOHAIIOE TEXHOJOril 300py, 0OpoOKu Ta

3actocyBanHs Moneni MAS B iHdopmamiiiHo- — T€peladl  JaHMX, JEMOHCTpy€ CBOl II€peBarn B
BUMIPIOBAIBHUX TEXHOJIOTIAX € HOBMM Higxojom Juisi  PAKTHIHOMY 3aCTOCYBAaHHI.

MOHITOPHHTY CTaHy 00’ €KTIB i CepeloBHILa, KOHTPOJIIO B Toii e yac, nepcreKTHBHAM i HEOOXiIHMM €
X mapaMeTpiB Ta ynpaBlliHHS BUKOHABUYUMH Npwiagamy  [POAOBXKCHHA poGOTH HAJ YAOCKOHAICHHIM METOAIB
B PeallbHOMY Yaci. MpaKTUYHOI peamizalii iHpopManiiiHO-BUMIpIOBAIEHUX

3amporoHoBaHa 0a3oBa cxeMa NPOEKTYBaHHS T?XHOH.OFiﬁa 30KpeMa - B obmacti  po3pobeHHs
MYJbTHATCHTHOI IHTEJIEKTyallbHOI CHCTeMH Bupinrye  BUINOBIAHHX QJFOPUTMIB MAIIMHHOIO HaBYaHHA JJIA
OCHOBHI MPOOJIEMH 3aCTOCYBaHHS areHTHUX TEXHOJIOTIH mozeneit. Ile _6}’)13 HalpsAMKOM HaIllKMX IOJaJIbIInX
npyd  TPOCKTyBaHHI  iH(pOpMaIiiHO-BUMipioBadpbHuX  HAYKOBHUX TOCTI/UKCHD.
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Research on the Practical Aspects of Using Multi-Agent Systems in Information Measurement Technologies
0.Y. Serediuk, M.M. Trufan

Abstract
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considered. MAS is developed based on a centralized architecture with broad autonomy of intelligent agents, its advantages are
outlined. The features of the practical application of the dual control method developed by the authors as a condition for
improving the use of MAS are characterized.
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HOBMI MIIXIJI IO BCTAHOBJIEHHSA HOPMATHUBHOI'O
3HAYEHHSA XAPAKTEPUCTHUK BJIACTUBOCTEHU OB'€EKTA
BUITPOBYBAHD

A. Kopo6ko, O. Kocroscrkuii, K. Cypikko

Xapxiscokuil Hayionanbhuii agmomooinbHo-00podichill ynisepcumem, Xapkis, Ykpaina,

AHoTauis

B cTarTi po3pobieHo MeTOA BCTAHOBJICHHS HOPMATUBHHUX (HOMiHAJIbHUX) 3HAYCHb XapaKTEPUCTUK BIACTUBOCTEH 00'ekTa
Opy po3podLii HOBUX METOAIB BUIPOOYBaHb 0a3yeThCsl HA BUKOPUCTAHHI MOXHOOK i HEBU3HAYEHOCTI BUMipIOBaHHS. BBeneHo
HOHSTTSI METPOJIOTTYHOTO JIOMYCKY, CYTh SIKOTO IHTEPBAJ B MEXKaX SKOI'0 BBAXKAETHCS, 110 NOKA3HUK BIANOBia€ NEBHOMY PiBHIO.
OKpeMOro JOCIHIDKeHHs MOTpeOYIOTh NMUTaHHS OOIPYHTYBaHHsS B3a€MO3B’SI3Ky TOYHOCTI i HEBH3HAYECHOCTI BHUMIDIOBAHHS Ta
(haKTHYHHX YHCIIOBUX 3HAUCHb PE3YJIbTATiB BUMIPIOBAHHS Ta OOTPYHTYBaHHS MOKA3HUKIB BaJialii MeTomy

KurouoBi c;10Ba: HOpMyBaHHS IIOKa3HUKA, METOJ BUIIPOOYBaHH, METPOJIOTIYHUH TOITYCK, HEBU3HAYEHICTh BUMIPIOBaHH,
CTaHJapTH3allisl, OILiHA BiJIIOBIJHOCTI, MOIEPENHs Cepis BUMIPIOBaHb, OCHOBHA Cepis BHUMIpIOBaHb, JOIYCTHME 3HAUYCHHS,

JIOITyCTUMHH 1HTEPBAIL.

1. Beryn

OpnHielo 3 OCHOBHMX (IIEpIIOYEPTOBHX) 3a1ady B
YMOBaxX TEXHIYHOTO PETYJIOBAaHHSI € PO3poOKa HOBHX
(cy4uacHux) MeToiB BUIIPOOyBaHb. L[ ymMoBa BUTIKaE i3
YMOB HAyKOBO-TEXHIYHOTO IIpOrpecy Ta Cyd4acHOToO
PO3BHUTKY TEXHIKH 1 3aCO0IB KOHTPOJIO ii TEXHIYHOTO
crany. IcHyroui meroam BUIpoOyBaHb € HaIiHUMHU.
[Mpore, B nesKMX BHIAIKaX, 3aCTOCOBYBaHI 3acodH
BHMIPIOBAJIFHOI TEXHIKHM, BUIIPOOYBaIbHE YCTATKOBAHHS
i caMa MeETOIWKa BHIIPOOYBaHb HE BIJIOBIIAIOTH
00’exkty  BuUmpoOyBaHb. ToMmy o0coOnmMBY yBary
HEOOXiHO NpUALIATH po3poOlll HOBHX METOMIB 1
METOAMK BHIIPOOyBaHb. HayKkoBO-TEXHIUHHUI Mporpec
3yMOBIIIOE ~ TIOSIBY ~ HOBMX  IOKa3HHKIB, 110
XapaKTepHU3yIOTh AKICTh MpoayKiii. 3okpema, [1], [2] Ta
iHIII. A 1)e B CBOIO 4epry BUMarae po3poOKH HOBHX
METOZIB BUIPOOYBaHb 1 MPOEKTYBAaHHS BiAIOBIIHOTO
BUIIPOOYBAJIILHOIO ~YCTaTKOBaHHA. B Tomy umcii,
aKTyaJbHUM € THTaHHS HOPMYBaHHS BH3Ha4yBaHHX
MMOKA3HUKIB, TOOTO BCTAHOBIEHHS IXHIX HOMIHAILHUX
3Ha4eHb, a TAKOX METPOJIOTIYHOTO IOMYyCKy Ha IIi
3HAQUEHHsS Ta JIONYCKYy 32 BEIMYMHOIO  SKOTO
BHTIPOOyBabHI  Jabopatopii  3MOXYTh  NPHHMATH
pillIEHHs PO BiIOBIAHICTD MPOAYKIil BUMoram [3].

B cTaTTi 3amponOHOBaHO METOJX BCTAHOBICHHS
HOPMaTHBHUX (HOMIHAJBbHUX) 3HAu€Hb IOKA3HHKIB
00’ekTy BHIIPOOYyBaHb TpPH PO3POOIIl HOBHX METOJIB
BUIIPOOYBaHb, 3  ypaxyBaHHSIM  METpPOJIOTTYHOTO
JIOIYCKY Ha MOXHOKY 1 HEBM3HAYEHICTh BUMipIOBAHHS.

2. AHaJi3 ocTaHHIX myOaikamin

IIpu po3poOii HOBHX METOHIB BHIPOOYBaHb i,
BiJINIOBiTHO, pO3p00Ili HOBUX MOKAa3HUKIB €(pEeKTUBHOCTI,
3a IKUMU OyZe OLiHIOBAaTHCH (aKTHYHHUHA CTaH 00’ €KTIB
BUIIPpOOYBaHb,  IIOCTAa€  IUTAHHS  BCTAHOBJICHHSA
iHTepBally 3Ha4YeHb B SKOMY 3HAUCHHS IOKa3HHUKa, II0
KOHTPOJIIOETHCS Oyzie BIANOBIAaTH MEBHOMY piBHIO [4].

I[ln 3amaga crae aKkTyaJbHOI, OCKUIBKM  yci
BUMIPIOBaHHS CYNPOBOKYIOThCS TIEBHUMHU NOXHOKaMH
1 HEBU3HAUYCHICTIO.

3 BBeleHHsIM B Ait0 TexHiuHOro periiameHty [5] Ta
iMITIEMeHTaIier0 Ykpainowo Pernamenty €Bponeiicbkoro
[Mapnamenry i Pagu (€C) Ne 167/2013 [6] nocTae nutaHHst
PO3pOOKM HOBHX METO/IB BUIPOOYBAaHb MAILIMH, & TaKOX
pPO3pOOKM  MPUCKOPEHHMX  METOAIB  BUIIPOOYBaHHS
(miarHOCTYBaHHS) SIKI  ZI03BOJNATH 0€3 BIPYYaHHS Yy
KOHCTPYKIIII0 MallWHU JaTH IOIEpPeAHid BUCHOBOK IIPO
TeXHIYHMI CTaH il BY3JB 1 HazaTH peKOMEHJaIli Hpo
HalpaBIeHHs MAaIMHW Ha TOJAIbIIE  KOHKPETHE
oOcTekeHHsI. [HIIMM acleKTOM LbOTO MHTAHHS € Te, IO
METOM BUIIPOOYBAaHb MAIOTh «IiTH B HOTY 3 9aCOM» MO0
po3BuTKy camoi TexHiku [7]. KpiMm 1poro, B ramysi
BUMPOOyBaHF HAOyBalOTh TIOMYJSIPHOCTI TaK  3BaHI
«pokyc-tect». lle BumpoOyBaHHS 3 BH3HAYCHHS
KOHKPETHOTO TTOKa3HHKa (TIOTOPKEHOTO 13 3aMOBHHAKOM), 3
METOI0 BUCBITJICHHSI CIIOXKMBUYHMX SKOCTEH MaivHu abo il
Oe3meyHocTi. AKTYaJbHICTh IBOTO HAMPSIMKY PO3BUTKY
BUINPOOYBaHb MIATBEPIKYETbCS 1 TeMaTUYHUM TUTAHOM
HAaYKOBO-BHIIPOOYBAIEHUX POOIT YKPaiHCHKOTO HAyKOBO-
JIOCTIZHOTO 1HCTUTYTY IPOTHO3YBAaHHS 1 BUIIPOOYBaHHS
TEXHIKA 1 TEXHOJOTIH U1 CUIBCHKOTOCHOAAPCHKOTO
BupoOHunTBa imeni Jleonima [Iloropimoro «HaykoBi
3acamd TIOBOEHHOTO BiHOBJIECHHS Ta €BpOIHTErpamii
arporpoMHUCIIOBOr0 KOMILTEKCY YKpainm» Ha 2023-2025
POKH, 3aTBEepUKCHUM MIHICTEPCTBOM arpapHOi MONITHKA
Vkpainn.  Cmin  3ayBakutH, 10  (DOKYC-TECTH,
37eOUTBIIIOT0, TPOBOSITHCS 3a He3acTaHIAPTH30BAaHUMH
METOAAMH 1 METOIUKAMH.

Ha  cooromuimmii  JgeHb  NEPCHEKTUBHUM
HaNpsIMKOM PO3BUTKY BHUNPOOYBaHb MAalIMH € METOJ
napriagpHuX Tnpuckopenb [8]. Lle#t meron BigHOCHO
MPOCTUI Yy BUKOPHUCTaHHI 1 0a3yeTbcsi HA MPHUHIUIAX
KiHemonnHaMiku. KpiMm 1poro peamizamis MeTomy
nmapIiaTbHUX MIPUCKOPEHB MIPOBOIUTHCS i3
BUKOPHCTaHHSIM Cy4YaCHHX 3ac00iB BUMIpIOBAaJIbHOL
TexHiku Ha ocHOBI MEMS-texnouoriii [9, 10].

18
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Y Bijmomidi JiTeparypi TNPHIUIIETBCS yBara  €JIEMEHTIB MaIlliH BCTAHOBIIOIOTHCS BHPOOHUKAMHU B

MUTAHHIO OLIHIOBAHHS  BIJMOBIMHOCTI TEOPETHYHOI  Taly3eBilf HOPMATUBHIN JOKyMEHTALIl.

MOJeNi ~ BHMIpPIOBaHb  EKCIEPHUMEHTANbHiM, IO KosxHe BUMipIoBaHHS CyIIPOBOKY€THCS TIEBHOIO

3aCTOCOBYEThCS ~ TPU  pO3poOLi  HOBMX  METOAIB  IHOXMOKOIO i HeBU3HAUeHicTIo. [IpuunHny iX BUHUKHEHHS

BunpoOysans [11, 12] Ta muraHH0 poO3poOKM  JOCTaTHLO JoOpe omMcaHi y Bimomill miteparypi.

aTBTEPHATUBHHUX MOKA3HHKIB OILIHIOBAHHS CITiBITA[IHHS
pe3yJbTariB BHITPOOYBaHb [13] Ha  OCHOBI
HEBU3HAUCHOCTI BuMiproBaHHs [14]. B poborax [15],
[16] 3pobneHo akmeHT Ha TOMY, IIO0 HEBH3HAYCHICTH
BUMIpIOBaHHS € e(EeKTHBHHUM IHCTPYMEHTOM JUIA
po3poOKKM  TpaBWI  NPUHHATTS  pIIEHP K §y
nma0opaTOpHIl MiIsUTFHOCTI, TaK 1 MiJ 4ac JOCHIJKCHHS
SIKOCTI BHUPOOHMYMX TEXHOJOTIYHUX TpoueciB. Tomy
HEBM3HAYEHICTh BUMIPIOBAHHS MOXKE OyTH e(heKTHBHUM
IHCTPYMEHTOM 1 ITii YaC BCTAHOBJICHHS HOPMATHBHOI'O

3HAQUEHHS  XapaKTEpPUCTUK  BJIACTHBOCTEH  00'exTa
BUIIPOOYBaHb.
Metoro gociimkeHHs € po3poOka MeTomy

BCTAQHOBJICHHS HOPMAaTUBHUX 3HA4YeHb XapaKTEPHCTHK
BJIaCTHBOCTEH 00'ekTa BUIPOOYBaHb i METPOJIOTIYHOTO
JIOIYCKYy Ha iX BEeIHYMHY 3 ypaxyBaHHS IOXHOKH i
HEBH3HAYEHOCTI BUMIPIOBAHHS.

JInst AOCATHEHHS TIOCTaBIIEHOI METH HeoOXiTHO
pO3pOOUTH  aNTOPUTM HOPMYBaHHS MOKa3HUKa 1
BCTAQHOBJICHHS METpPOJIOTIYHOTO JIONYCKYy Ha HOro
BEJIMYMHY 3 ypaxyBaHHSM IHOXHWOKH i HEBH3HAYEHOCTI
BHMIipIOBAaHHS.

3. Aaroputm BCTAHOBJICHHS
HOPMATHBHOIO0 3HAYeHHS MNOKa3HMKA i
METPOJIOTIYHOTI0 JOMYCKY

Excrmyaraniss MOOUIBHMX MamMH B pI3HUX
rajgy3sx CyIPOBOKYETbCS BHCOKMMH 3aTpaTaMH Ha
miATpUMaHHS  iX Tpane3gaTHOro CTaHy HpPOTATOM
yChOTO  TepMiHy  criyxOm. [ma  migBuUIIeHHS
e(eKTUBHOCTI  BUKOPUCTA@HHS MOOUIBHUX  MAllUH
po3pobieHi Meromu 1 3acobu BunpoOyBaHb, SKi
3aCTOCOBYIOTh SK IPU TEXHIYHOMY OOCIIyroByBaHi i
micns  peMOHTY, Tak 1 B SKOCTI CaMOCTIHHOTO
TEXHOJIOTIYHOTO  TpOLeCy  Hpu  MiATBEpIKEHHI
BIAIIOBIAHOCTI.

BaxnuBuM ~ eramoM  po3poOKM  CHUCTEMH
MiATBEPIKEHHS BiATIOBIAHOCTI IIISIXOM BUIPOOYBAaHb €
OOIPYHTYBaHHS 1 BH3HAYCHHS HOPMATHUBHUX 3HAa4YeHb
MOKA3HUKIB TEXHIYHOTO CTaHy MAaIlWHU B HUIOMY 1 ii
OKPEMHUX E€JEMEHTIB, IO 3a0e3MeUyI0Th «IOCTAaHOBKY
JiarHO3y» TEXHIYHOTO CTaHy. Jl0o HOpPMAaTHBHHX
3Ha4Y€Hb BIJIHOCSATH HOMIHAIIbHI, TPAHWUYHI 1 JOIMYyCTUMI
3HadeHHs [17]. HomiHanmbHI 3HAauYeHHS BiIIOBITAOThH
HOBUM, TEXHIYHO-CIIPaBHUM MalllWHaM, arperaram,
By3JlaM, eJeMeHTaM. [ paHW4YHe 3Ha4YeHHsS IapaMmeTpa
BIAMIOBila€ ~ TakOMy  CTaHy, KOJM  HOZAAJbIIa
eKCIUTyaTallii CTa€ TEXHIYHO HEMOXJIHMBOIO abo
E€KOHOMIYHO  HeNOoUIbHOI. JlomycTnMmi  3Ha4YeHHS
ABISIIOTE  COOOK0 TpaHWYHE 3HAYCHHS, 3a SIKOTO
3a0e3meuy€eThCs 3alaHui abo €KOHOMIYHO
ONTUMAIIGHUM  piBEHb IMOBIPHOCTI  BIAMOBH  3a
MIKKOHTPOJILHOTO  HampaiioBaHHs. HowmiHaigpHi 1
TPaHNYHI ~ 3HAYEHHS  CTPYKTYpPHHX  I1apameTpiB

HeBusnaueHicTh  BHUMIpPIOBaHHA — L€  IapaMmerp
BUMIpIOBaHHS, IO XapaKTepu3ye IHTEpBal 3HAYEHb
MOKa3HUKa, 10 BUMIPIOEThCS, SIKi OOTPYHTOBAHO
MOXYTb, 3 TIEBHOIO HMOBIpHICTIO, OYyTH MpUIHCaHI
BEJIMYUHI, IO BUMipIoeThes [14] (puc. 1).

rpaHn4YHe }3Hal-IeHHﬂ

Aonyctnme 3Ha4eHHA

HOPMaTUBHE 3Ha4YeHHA

HEBM3HAYEHICTb BUMIPIOBAHHA

Puc. 1. HeBu3HadeHiCTh BUMiIpIOBaHHS 1 3HAUYCHHS
MOKA3HMKA, 10 KOHTPOIOETHCS

ITix "yac BCTaHOBJIEHHSI HOPMATHBHOTO 3HAYEHHS
XapaKTepUCTHK BJIACTUBOCTEH 00'ekTa BHUIPOOYBAaHB,
HEOOXiqHO KamaTv, 00 HEBU3HAUYCHICTH Oyia
skHaMeHmow. IIpote, B cmiy [if0 BHIIaJKOBHX
00’€KTUBHUX 1 Cy0’€KTUBHUX NPHYHMH, HEBU3HAUCHICTD
3aBkIu  3anumaeTbes.  CyO’€KTHMBHOIO  OCHOBHOIO
NPUYMHOIO  HEBU3HAYECHOCTI  (PO3KUIY BUMIPSIHUX
3HAYCHb BiJ JOCHINY 1O AOCIHiAy), NMpH MPOBEICHHI
BUTIPOOYBaHb € «BHIPOOYBaw». ToOTO mMIOAWHA, IO
3MIHACHIOE BUMPOOYBaHHS 31 CBOIMH iHIWBIAyalbHUMH
(Hi310JIOTIYHIMH MOMIIMBOCTSMH ¥ ITOCBIOM T dYac
MIPUBEJCHHS B AII0 OPTaHIB KePyBaHHSI MaIIWHU. MeHII
BIUIMBOBUM (haKTOPOM Ha HEBH3HAYCHICTh I dYac
JIMHAMIYHUX BUIPOOYBaHb MOOUILHHX MAIIMH € JI0pora
a00 QoH Ha SKMX NPOBOJATHCS BUIIPOOYBAaHHS Ta CTaH
Koisic MamuHU. OOIPYHTYBaTd BUMOTH A0 AOPOTH 1
KOJIIC MOXJIMBO, TpOTE€ HE 3aBXKIU MOXJIHBO
3a0€3MEYNTH MTOBHY BiITBOPIOBAHICTB X BUMOT.

BBeneMo NOHSTTS — METPOJIOTIYHUI JOIYCK — 1€
IHTEpBaI B MEXaX SKOTO BBAXKAETHCS, MO IMOKA3HHUK
BiJINIOBiJJa€ IEBHOMY PiBHIO.

Asroputm BCTAHOBIICHHS HOPMATHBHOTO
3HAYCHHS MOKa3HUKA i METPOJIOTIYHOTO AOMYCKY HOTO
BU3HAYCHHS HACTYITHUIA:

— oOTpyHTYBaHHS METOAYy ¥ METOAWKH HOro
peaitizarii;

— IomnepeHs cepist BUMIPIOBaHb!
eKCIIepUMEHTAlIbHE BCTAHOBIICHHS IOIIEPEHIX JaHUX

OJ0 XapaKTePUCTHK TOYHOCTI Meromy  (OIiHKa
pe3ynpTary BHUMIPIOBaHHS, HEBU3HAYEHICTH
BHUMIPIOBaHHS, IMOXHOKA, CepeIHbOKBAIPATHIHE

BIIXWJICHHS PE3yJIbTaTy BHMipIOBAaHHS i HOro MOXHOKa,
KoedimieHT Bapiamii) OUIIXOM 3OIHCHEHHSA — cepii
BHTIPOOYBaHb 332 PO3POOIIEHOI0 METOINKOI0, aHATITHIHE
BHU3HAYCHHS HEOOXIAHOTO 4YHCIa BHMIPIOBAHb IS

© A. Kopo6xo, O. Kocroserkwit, K. Cypxko, 2024
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BCTAQHOBJICHHS. HOPMATHBHOIO 3HAYCHHS i3 3aJaHOI0
HEBU3HAYEHICTIO;

— OCHOBHA Cepisl BUMIPIOBaHb: €KCIICPIMEHTAIBHO-
QHAJITUYHE BH3HAYCHHA HOPMATHUBHOIO  3HAYEHHS
NOKAa3HWKA, BHU3HAYEHHS METPOJIOTIYHOIO  JIOIYCKY
MIOKa3HHKA, IIJ0 KOHTPOJIIOETHCS;

— KOpHUT'yBaHHSl (3a HEOOXigHOCTiI) BUMOT [0
METOAy  BHUIPOOYyBaHb B YacTUHI NOXHOKU
(HeBM3HauYeHOCTI) 3ac00y BUMiproBanbHOI TexHiku. 1o
BUKOPHCTOBY€ETHCS TIPH BUIIPOOYBaHHSIX.

4. OOrpyHTYBaHHSI MeTOY H METOAMKH
ioro peanizauii

OOrpyHTYBaHHS  METOAy  BUIpPOOyBaHb |
METOJIMKH WOTO 3MIMCHEHHS MPOBOJUTHCS ILITXOM
HAYKOBUX IOCHIIKEHD Ta aHaJII3yBaHHA
3aKOHOMIPHOCTE  3MIHM TEXHIYHOIO CTaHy 3a
JOCHI/DKYBaHMM — napameTpoM. Ha npomy  erami
BCTAHOBJIIOETHCS PIBHSHHS BUMIPIOBAHHS, 3aJE€XKHICTH
3MIHM BHUXIZHOI BEJIMYMHHM BiX 3MIHM  BXIiZHOI.
[TpoBoasiThCA aHAJITHYHI PpO3paxyHKH 3
BUKOPHCTaHHAM Teopil dyrmnmBocti. Ha ocHOBI mmx
PO3paxyHKiB BCTaHOBIIIOIOTHCS OPIEHTOBHI 3HAYCHHS
JIOBIPYOTO iHTEpBAay i HEBU3HAYEHOCTI BUMIPIOBaHHS.

5. IlonepenHsi cepist BUMiplOBaHb

[omepennst cepist BUMipIOBaHb 3IIHCHIOETBCS 3
METOI0 BCTAHOBJICHHS IIOTIEPENHIX AAaHUX PO METO[,
HOro 4YyTHMBICTH 10 BHIAJKOBHX  BIUIMBAIOYHX
(hakropiB. JlaHi PO XapaKTEPUCTHKH TOYHOCTI METOIY
BH3HAYAIOTHCS IIJISIXOM MPOBEICHHS cepii BUIIPOOyBaHb
32 po3pobJeHOI0  MeToAWKor.  BumpoOyBaHHS
MPOBOIATECSI HA  TEXHIYHO-CIIPaBHOMY  (HOBOMY)
00’€eKTi, 0 MATBEP/XKEHO Pe3yJibTaTaMH BUIIPOOYBaHb
IHIIUMH (cTaHAapTU30BaHHMH) MeTOoJaMHU (3
BUKOPHCTaHHSIM BIJIOMHX ITOKa3HMKiB). Ha npoMy erami
HOPMYBaHHsI, B HasBHOCTI Y BHIIpoOyBaya € JIMIIe JaHi
I10/10 TIOXHUOKK 3aco0y BHMIpIOBAIBHOI TEXHIKH, SIKUM
IIPOBOANTHCS BHMIpIOBaHHSA, a00 NP0 HEBHU3HAUYCHICThH
fioro kamiOpyBaHHS.

IMomepenust cepis BUMIpIOBaHHS CKJIANAETHCA 3
omHoro abo mekimpkox eramiB. Ha kokHOMY erami
OTPUMYETBCA TEBHAa rpynma JaHuX.  KiJgbKiCTbh
BHMIPIOBaHb Ha MEPIIOMY €Talli 3aJIe)KHUTh Bifl KUTBKOCTI
nepeMiHHuX (PaKTOpiB, MO MPU3BOJATH JO BUIAIKOBOI
MOXUOKM BUMIDIOBAaHHS, SKi MOXHAa BpaxyBaTH.
OpieHTOBHO Ha mnepumoMy erani npooauTbes 10-20
BUMIpIOBaHb. Pe3ynbTaT BUMipIOBaHHS I1€PEBIPSIOTHCS
Ha HasBHICTH BHKHIIB. Kpurepiem mnpuaatHoOCTi
norepeHpoi  cepii € BHUKOHAHHS YMOBH, 3a SIKOT
noxuoKa cepeHbOapUPMETHIHOTO 3HAYEHHS
MIOKa3HUKa TOBMHHA OyTH MEHIIOK CHCTEMaTHYHOL
MMOXUOKH BUMIPIOBaHHS A

t — xoe(imient CThIOAEHTA, IO 3aJCKUTHh BiI YHCIa
BHMipIOBaHb 3a I0Bip40i iMoBipHOCTI P=0,95; 0y)1, 11, —
cepelHe  KBagpaTHYHE  BIAXWIEHHS  pe3yJbTaTiB
BUMIPIOBaHb 1 YMCJI0O BUMIPIOBaHb B TONEpEIHIN cepii
Ha IepIIOMY eTalli, BiJIIOBIIHO.

VmoBa (1) Gyzne BuKOHaHa, KO AX, = 1/ 3A,.Y

pasi HeBUKOHaHHS yMOBH (1), HEOOXiqHO 3MIMCHUTH 1e
OIIMH eTall BHMIPIOBaHb B KiIbKOCTI n;p=10...20.
IMpoBectn pozpaxynku 3a (1) i (2) 3 ypaxyBaHHSIM
BUMIPIOBaHb Tiepmioi rpynu. Takwid Kputepiii €
JOITyCTUMUM, OCKIUTBKH B pPE3yJlbTaTi BUMIpIOBaHHS
KOHTPOJILOBAHOTO Tapamerpa 00’€KTa BHIIPOOYBaHb
HepeBakae BUNAIKOBA MOXHOKa.

Ha nactymHOMy erami NpOBOZISTECS PO3paxyHKH
koedilieHTy Bapiarii Vi Ta po3mupeHoi
HEBH3HAYEHOCTI Uy, Koedimient Bapiamii
BUKOPHCTOBYETHCS B SIKOCTI JIOJIaTKOBOI IEPEBIPKH.
Moro 3HaueHHs He NMOBMHHO TepeBMIIyBatd 15 %. V
pasi HNEPEBUILIEHHS KoedilieHToOM Bapiarii
JIOITYCTHMOTO 3HAYEHHSI, TPOBOJSITH HOBI BUMIPIOBAHHS
TOTIepPEeTHROI cepil BUIPOOYBaHb.

VY pasi BukoHaHHs ymoBH (1) Ta BimmoBigHOCTI
KoedimienTy Bapiamii v,, poOHTBCS BHCHOBOK IIPO Te,
IO 3alpPONOHOBAHWN METOA BHUIPOOYBAaHb € II€BHM 1
Jla€ HaAiiHI pe3yNIbTaTH.

6. OcHoBHa cepisi BUMipIOBaHb

HopmariBHe 3HAa4YCHHS MOKAa3HHKA, PO3PaxOBaHE
3a TONEPEIHBOI0 CEPIEI0 BUMIPIOBaHb, 3 OIHAKOBOIO
HMOBIpPHICTIO MOXKE€ 3HAXOOUTHCH B iHTepBami +U,. 3a
HOMIHAJIBHOTO 3HAYEHHS HOPMOBAHOTO ITOKA3HHUKA,
(opMyITIOBaHHA BHCHOBKY IIOJO PiBHA 00 €KTY
BUIIPOOYBaHb HE BHUKJIMKAE HiSKMX TpygHoImis. [Ipore,
i3 HaOMMKCHHSM HMOTO 3HAYEHHS JO0 JOIyCTHMOTro abdo
IPaHUYHOTO 3HAYCHHSI, BUHUKAIOTH TICBHI TPYIHOII i3
(hopmyItOBaHHSIM BUCHOBKY. Jljisi 3BY>KEHHsI iHTEpBaiy,
B SIKOMy MOX€ 3HaXOJUTHUCh HOPMAaTHBHE 3HAYCHHS
MOKa3HMKA HEOOXITHO TPOBECTH OCHOBHY CEpiro
BUMIpIOBaHb.

KinekicTe BHUMipIOBaHb 7, B OCHOBHIH cepii
BU3HAYAETHCS BUXOJI4U i3 3HAYCHb
CepeIHbOKBAIPATUYHOIO BiJXWIIEHHS 1 KoedilieHTy
Bapiamii 3a goipuoi #HMoBipHOcTi P=0,99 (Take
MOCUIICHHS BHUMOT JIO TOYHOCTI JIa€ 3MOTY 3BY3UTH
iHTEepBaJ y sKOMy Oyjae 3HaxXxOAMTHCh HOPMaTHBHE
3HAYCHHS MMOKA3HUKA).

Buznaunmo i3 (2) HeoOXigHYy  KUIBKICTb
BUMIpIOBaHb OCHOBHOI cepii
2 2
to;
— 1
n[ A =2" (3 )
Ax;

ne o, AX.

1

— CepeIHbOKBAJPATHYHE BIAXMICHHS 1
noxy161<a BU3HAYCHHs CEPCAHBOTO 3HAYCHHA IMOKAa3HUKa

Ax;) <A, () y mornepeHii cepii BUMipIOBaHb, BIAMOBIIHO.
ne [TpoBiBIIM OCHOBHY Cepil0 BHMIpIOBaHb B
AT = +f oy, ) KUIBKOCTI 714, PE3YJIBTATH IEPEBIPAIOTHCS HA HASBHICTD
i1 - ’ () pukunis.  Iorim PO3paxoBY€eTbCS  pO3IIUpPEHA
iy HEBU3HAUEHICTh BUMIpIOBaHHS OCHOBHOI cepii U,,.
20 © A. Kopobxo, O. Kocrocrkwmii, K. Cypxko, 2024
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Merpomnorivamii  TOMycK Ha  KOHTPOJIBOBAHHHN
HapamMeTp JOLUIGHO BCTAaHOBHUTH B Mexax +2U,, ane He
Ooumbme HiK *U,. lle 3a0e3meunts BpaxyBaHHS
HEBH3HAUEHOCTI BiJl (pakTOpiB, 1110 3MIHFOIOTBCS Bl AOCIITY
JI0 IOCHiay. 3a peastizaliii HOBOr0 METO/Ty, HeBU3HAUCHICTh
BUMIPIOBAaHHSI HE TIOBHHHA ITepeBHILyBaTh U,

7. KopuryBaHHsi BHMOI [0 MeTOAY
BUNIPOOYBAHb

KopuryBanHs BUMOTI 10 METOIy BHIIPOOYBaHb
MPOBOMUTHCA 3a HeoOXimHocTi. Hampukian, sKmo B
pe3yabpTaTi BEMIPIOBaHHS IMOKa3HUKA JaHUM 3aco00M
BUMIPIOBAJIbHOI TEXHIKH HE MOXe OyTH OTpUMaHe
3HaYyeHHsA  HeBH3HayeHocti U,, TO HEOOXigHO
oOrpyHTYBaTH BHOIp HOBOTO 3ac00y BHMipIOBAIBHOT
TEXHIKM 3 MEHIIUM 3HAYEHHSIM CHCTEMATHYHOL
MOXUOKM, III0 B CBOIO YEepr'y 3MEHIINTh HEBU3HAUEHICTh

BUMIpIOBaHHS THIy B 1, SK HaciiIOK, 3MEHIIUThH
3HAYCHHS PO3IIMPCHOT HEBU3HAYEHOCTI.
3a pe3yabTaTaMy HOPMYBAHHSI CKJIaa€ThCS 3BIT.

8. BucHoBkH

Po3poGiiennii MeTo] BCTAaHOBJICHHSI HOPMaTUBHHUX
(HOMIHAJIPHKX) 3HA4Y€Hb XapaKTEPUCTHK BIACTHBOCTEH
o0'exta mpu po3poOIi HOBUX METOIIB BHIPOOYBaHb
0a3yeThCst HA BUKOPUCTaHHI IIOXUOOK i HEBU3HAYEHOCTI
BUMIpIOBaHHS. BBeleHO TMOHATTS METPOJIOTIYHOTO
JIONYCKY, CYTh SIKOTO IHTEpBal B MEXax SIKOTO
BBAXKAETHCS, IO IMMOKA3HUK BiAMOBia€ TIEBHOMY PiBHIO.
OkpeMoro  JOCHI[DKEHHS  MOTPeOyrOTh  IHTAHHS
OOTpYHTYBaHHS B3a€MO3B’SI3KY TOYHOCTI i
HEBU3HAUCHOCTI BUMIpPIOBAaHHS Ta (PaKTUIHUX YHCIOBUX
3Ha4eHb PE3YJIbTATiB BUMIPIOBAaHHS Ta OOIPYHTYBaHH:
MOKAa3HUKIB BaJIifamii METOY.
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A New Approach to Establishing Normative Values for the Properties of a Test Object
Korobko A.I, Kostovski O.A., Surzhko K.A.

Abstract

The article develops a method for establishing normative (nominal) values of characteristics of object properties when
developing new testing methods, based on the use of errors and measurement uncertainty. The concept of metrological tolerance
is introduced, the essence of which is the interval within which it is considered that the indicator corresponds to a certain level. A
separate study is necessary in the issue of substantiating the relationship between the accuracy and uncertainty of measurement
and the actual numerical values of the measurement results and substantiating the validation indicators of the method.

Key words: standardization of the indicator, testing method, metrological tolerance, non-significance of vibrating,
standardization, assessment of applicability, advanced series of vibrating, main series of vibrating, permissible values,
permissible interval.
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MEASUREMENT UNCERTAINTY EVALUATION OF THE OBJECT
PLANIMETRIC COORDINATES USING THE RHO-THETA METHOD

O. Botsiura, I. Zadorozhna, 1. Zakharov

Kharkiv National University of Radioelectronics, Kharkiv, Ukraine

Abstract

Determining the planimetric coordinates of an object is a topical task of coordinate metrology, which finds application in
cartography, geodesy, location and navigation. The article considers the features of measurement uncertainty evaluation the
coordinates of an object on a plane using the rho-theta method. The measurement model is substantiated. Expressions for
estimating the numerical values of coordinates and their combined standard uncertainties are obtained. Expressions for estimating
expanded uncertainties using the kurtosis method are found. The uncertainty budgets for measuring the planimetric Cartesian
object coordinates are presented. Expressions for relative standard uncertainties in measuring coordinates are written and an
example of their evaluation for real metrological characteristics of measuring instruments of a base station is considered.

Keywords: coordinate measurement; rho-theta fixing; measurement uncertainties evaluation, kurtosis method.

1. Introduction

In cartography [1], geodesy [2], radio navigation
[3], radar [4], optical [5] and acoustic [6] locations the
problem of determining the coordinates of a desired
point (object) on a plane is widely used. Depending on
the measuring capabilities of reference stations (BS),
this issue is resolved by several methods: rangefinding
(tho-rho) [7], goniometric (theta-theta) [8], and
rangefinder-goniometric (rho-theta) [9].

The rho-theta method of measuring the planimetric
coordinates of an object considered in this article is
requires only a rangefinder and a goniometer installed
on one base station (BS).

This refers to active location methods, since
radiation from the BS is required to determine the range
to the object.

2. Substantiation of the measurement
model

The implementation scheme of measuring the
planimetric coordinates of an object by the rho-theta
measurement method is shown in Fig. 1.

The OX and OY axes form a right Cartesian
coordinate system, with the OY axis directed to the north.
The diagram shows a BS located at point Ops with
coordinates (x,y). Point P has the measurable
coordinates (xp,yp) .

The distance between the points Ops and P
(OBsP = p) is measured using the rangefinder installed
on the BS, and using the goniometer, the azimuth a is
counted from the direction to the north to the direction

to the object P.
Using the parameters p and a, the coordinates of

the object P (xp,yp)can be determined using the
expressions [2]:

Xp=x+psin(aa+93y); @)
Yp=y+cos(a+0y), (2
in which 8, correction that takes into account the

error of the basic station’s reference to the north
direction.

Y4
_.VP : - ”",'/’..1)
’,.//'
.’/'/.
/'/'/'
0 ~
e
y e |
0 X xp X

Fig. 1. Diagram of implementation planimetric coordinates
measurement by the rho-theta method

3. Evaluation of the measurands and its
measurement uncertainty

If the mathematical expectation of the correction

SN is taken to be equal to zero, then the values of the

measured quantities (xp,yp) can be estimated from

equations (1)-(2) by take the place into them of the
values x, y, p, & of the input quantities:

Xp=X+psin(@) ; 3)

Jp=y+pcos(a). “)

The expression for the combined standard

uncertainty (SU) of coordinate measurement can be
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written, in accordance with the law of propagation of
uncertainty [10], as:

Ue(Rp) = L2(R) + G206 2 () + G2 0% U2 (&) + U2 By )], (5)

where U(X), u(p), u(é) and u(dy) are the standard

uncertainties of the corresponding input quantities;
C,(Xp)and C,(Xp) are the corresponding sensitivity
coefficients, which can be obtained as:

(6)

(M

Equally, it can be expressed the combined SU of
coordinate Yp measurement:

Ue(§) =LP(9) + (Yo )P(P) + (Y )[UR(E) + U2 , (8)

where u(y) is a SU of coordinate ¥ measurement;

C,(yp) and c,(Yp) corresponding  sensitivity
coefficients, which are determined by the expressions:
()= 22 = cosdi; ©)
p
¢, (y) =22 = —psing (10)
oa

The SU of measurement of the slant range p of an
object P is determined from the conforming boundaries
of the maximum permissible error (MPE) of the
rangefinder +0, under the assumption of a rectangular

probability density functions (PDF) of the measurement
error p within these boundaries:

u(p)=6,/3. (10).

SU in measuring the location of a BS (X,¥) are
ieX3
+0,, attributing a rectangular PDF of these errors

determined from the boundaries of their MPEs

within the boundaries:

u(x)=0,/3:

(12);

u(y)=0,/3. (13)

In expressions (5), (8) u(&) is the standard
instrumental uncertainty of azimuth o measurement
using a goniometer, which can be found through the
boundaries of the MPE error of the goniometer 16,

attributing a rectangular PDF of the instrumental error
within these boundaries as:

u(@) =0,/3.

If the boundaries of the MPE of reference to the
direction to the north are taken to be equal to £0,

then, attributing a rectangular PDF of the reference error
within these boundaries, the SU associated with this
error can be estimated as:

u@y)=0y/3. (15).

Since the SU of all input quantities were estimated
according to type B and were assigned a rectangular PDF,
the expanded uncertainties of coordinate (Xp,Yp)

measurement are best found using the kurtosis method [8]:
U (Xe) =k(M)u(Xe) ; (16)

U(¥e) =kmyu(¥e) (17

where the coverage factors for a confidence level of p
are calculated using the expression:

(14)

(18)

) = 0,1085n° +0,1n+1,96, for p =0,95;
V=0,120° +0,1n+2,0, for p = 0,9545,

and the kurtosis of the PDFs for (Xp, Yp) are calculated as:
~1,2{CH06)u* () + G 06U (@) +u* (5]} (

b Uz (%) F (1
~L2{GHYe U (B)-+ G (Yo U (@) + 1 By )]
v ) 0

In this case, the uncertainty budgets of the object
coordinate (Xp,¥p) measurements will have the form

given in Tables 1,2.

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

Input Values SU of IQs Kurtosis Sensitivity Uncertainty
quantities (1Qs) of IQs of IQs coefficients contributions
p p u) 1) -1,2 Co(Xp) (6) C, (Xp U(P)
X R u(®) (12) 1,2 1 uesy)
o & u@) (14 -1,2 Cu(Xp) (7) C. (X)u(4)
S 0 uy) (15) 12 Cu(Xp) (7) C. (U(Sy)
Measurand Measurand Combined SU Measura}nd Coverage Expan(.led
value Kurtosis factor uncertainty
Xp %e (3) Us(%e) (7) Nx (19) k() (18) U (16)
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Table 2 — Uncertainty budget for the measurement of the Yp -coordinate
Values Kurtosis Sensitivity Uncertainty
1Qs of IQs SU of 1Qs of 1Qs coefficients contributions
p u(p) (n 1.2 G(¥e) O | G(¥e)U(P)
y y u(y) (3 -1.2 ! u(y)
¢ o u(a) (14) -1.2 Cu(yp) (10) C. (Yp)U()
On 0 uy) (15) -1.2 C.(Ye) (10) | c,(yp)u(dy)
Measurand Measurand Combined SU Measurz}nd Coverage Expan(?ed
value Kurtosis factor uncertainty
Ye Yo | U(¥e) ®) | my 20) | k(m) (18) U an
From expressions (5), (8) one can write where (5,)=u(5,)/p; U(S,)=u(,)/p are relative

expressions for the relative standard uncertainties of
coordinate (Xp,Yp) measurement:

0(3) = 4%2) _ (%) 4 sin2 (@) B) +
p

+cos? (A)[U2(6) +u(5y )1}, 1)
o u(y o N n
0.(95) =%P)= (02(9) + cos2 ()T (P) +
+sin(&)[U(6) + U (8]}, (22)
i, (Xp) J——
0,0012 ____',/ : \_\______
0,0009
0.0006 |——= SR il et —
0.0003
0
0 30 60 90 120 150 C(.0
a)

standard uncertainties of corrections Oy, O,;
a(p) =u(p)/p is relative SU of measurement p .

For the values p=1000 m and p=2000 m; 6,=1.5
m; 6,=6,=1.8 m; 0,=0.6 mrad; 6y=0.1 mrad; given
in [11], the dependences U(X)and U(Yp) on a were

obtained, shown in Fig. 2.

. (vp)

s | [

0.0012 B

0.0009

00006 — == | | ———"717
0.0003
0

0 30 60 90 120 150 o°

b)

Fig. 2. Dependences ((%p) (a) and G(Yp) (b) on a for p=1000 m (—) and p =2000 m (——)

4. Conclusions

1. The preference of the rho-theta measurement
method for determining the planimetric coordinates of
an object is the use of only one base station equipped
with a range finder and a goniometer.

2. Models for measuring the abscissa and ordinate
of the sought object using the range-angle method are
obtained based on the constructed scheme for its
implementation.

3. For the proposed measurement models,
expressions for standard uncertainties in measuring the
coordinates of an object by the rho-theta measurement

4. It was shown that it is reasonable to use the
kurtosis method to estimate the expanded uncertainty in
measuring the coordinates of an object by the rho-theta
measurement method.

5. The uncertainty budgets for measuring the
planimetric Cartesian object coordinates are presented,
which can be used as the basis for a computer program
facilitating the routine calculation of measurement
uncertainty.

6. The dependences of relative uncertainties in
measuring the object coordinates on the azimuth are

method were written and the sensitivity coefficients calculated for real metrological characteristics of
included in them were calculated. measuring instruments of a base station is given.
© Olesia Botsiura, Iryna Zadorozhna, Igor Zakharov, 2024 25
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OuiHlBaHHA HEBU3HAYCHOCTI BUMIPIOBAHL KOOPAUHAT 00’ €KTY AaJ1e¢KOMIPHO-KYTOBHMM METOJ0M HA IUIOLIUHI
Bomropa O.A., 3anopoxna I.M., 3axapos L.II.

AHoTanis

BusnaveHnHs koopauHaT 00'€KTa Ha IUIOMIMHI € aKTyaJlbHUM 3aBAAaHHSIM KOOPAMHATHOI METPOJIOTii, ke 3HAXOAUTH
CBO€ 3acTOCYBaHHsS y KapTorpadii, reomesii, jokamii Ta Hapiramii. ¥ cTaTTi po3risAaloTbcs OCOOIMBOCTI OLIHIOBAHHS
HEBHM3HAYECHOCTI BUMIPIOBaHHS KOOPAMWHAT 00'€KTa Ha IUIOIINHI KyTOMIpHO-IaIeKOMipHIM MeTo1oM. OGIpyHTOBaHO MOJETb
BuUMiproBanb. OTprMaHa IPoLeLypa OLIHIOBAHHS HEBH3HAUYCHOCTI BUMIPIOBAHb a0CIMCH i OpANHATH 00’€KTYy HA ILUIOLINHI,
sKa BKJIOYa€ B ce0Oc OLIHKM YMCIOBOrO 3HAYEHHS KOOPAMHAT, IX CyMapHi CTaHIApTHI HEBH3HAYEHOCTI Ta pPO3LIMpPEHi
HEBHU3HAYCHOCTI, SIKi OLIHIOIOTBCS METOJOM eKcueciB. HaBOIWTBCS NpHKIan OIHIOBaHHS BIJIHOCHHUX CTaHAAPTHUX
HEBHU3HAYCHOCTEIl BUMIPIOBaHHS aOCLUUCH 1 OpIMHATH O0’€KTYy /Ul peajbHUX METPOJIOTIYHHUX XapaKTEPUCTHK 3aco0iB
BUMIPIOBaIbHOT TeXHiKK 0a30BOi CTaHIII.

KurouoBi ci10Ba: BUMipIOBaHHSI KOOPAMHAT; JaJeKOMipHO-KyTOMIPHHH; OLIHIOBAaHHS HEBU3HAYCHOCTEH BHMIipIOBAaHb,
OF0IKET HEBU3HAUYEHOCTEH, METO €KCIIECIB.
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IOHOMETPUYHE BUSHAYEHHS ®TOPUI-IOHIB Y BOJAX I
PO3YNHAX KYXOHHOI COJII 3 BUKOPUCTAHHSAM YJIbTPA3BYKY

O.1. FOpuenko, I.P. IlleBuenko, JI.B. bakinanosa, T.B. UepHoxyk, O.M. bakinaHnos

Xaprxiecokuil nayionansnuti ynieepcumem imeni B.H. Kapasina, Ykpaina

AHoTamis

BuBueHO BHKOpHCTAaHHS yIbTPa3BYKy NPH 10HOMETPHYHOMY BH3HA4YEHHI ()TOPUI-IOHIB y BOJAX Ta PO3UMHAX KyXOHHOI

coli 3 BHKOPHCTaHHSM IIONEPENHLOI OOPOOKHM pO3UMHY YIBTPa3BYKOM.

EKCHepHMeHTaHbHO BCTAQHOBJICHO OINTUMAJIbHI

napameTpH yIbTpasByKy — yactora 18-44 k[, inTencusnicts > 10 Br/cm? nporsirom > 1 xB. [Nokazano, mo nomnepeaus 06pooka
PO3UMHY YIBTPa3BYKOM 3HalJEHHX MapaMeTpiB MIPU3BOJUTH HE TUIBKH IO OYMCTKH €IEKTPOAY BiJl IUTIBOK OPraHIiYHUX PEUOBHH,
ane i 710 301IbIICHHSI BETUYUHN aHAJITHYHOTO CUTHAITY (DTOPHI-IOHIB, PO3LIMPEHHs JIiHIHHOT 00nacTi rpaxyoBaabHOro rpadiky 3
107 10 3,5-1077 M, cKOpOYEHHs Yacy BiATyKy €NEeKTpoIa B po3uuHax, mo Mmictats 10 M ionis ¢ropy 3 10-12 xB no 2-3 xs.
INokaszaHo, mo 3HalieHI €KCIepPUMEHTATbHI (DAKTH MOXHA IOSICHIOIOTHCS CTPYKTYPHHMH 3MiHAMH PO3YHHIB IIiJ| BIUIMBOM
YIBTpa3ByKy. Po3po0neHo MeToAnKy BH3HA4YEHHS BMICTY (DTOpHI-10HIB y pO34MHAX KyXOHHOI coui Ta Bogax. Mexka BHSBICHHS
dropun-ionis y Bogax cxnana 0,007 mr/i, y Kyxouii comi— 1,2-107 %.

KuimrouoBi cioBa: ¢ropua-ioHu, ioHOMETpHUYHE BU3HAYCHHS, KyXOHHA Cillb, BOJAA, yJIbTPa3BYK, BIZHOCHE CTaHAapTHE

BIAXHJICHHS, EIIEKTPO/.

1.Betyn

[pucyTHi B MiHepasli30BaHMX BOJAAX, PO3CONAX Ta
pO3UMHAX KyXOHHOI coOJli 0aceiHOBOTO Ta 03epHOIo
3ac00iB  BHPOOHHMIITBA PO3YMHHI OPraHiYHi CIIOIYKH
3aBAXKAIOTh KiJIbKICHOMY iOHOMETPHYHOMY BH3HAUYCHHIO
¢dTopu-ioHIB  yepe3  yYTBOpeHHS 3  (TOpHIaMH
CJICKTPOHEHTPATLHUX KOMITIEKCHHX Cronyk. Kpim Toro,
PO3YMHHI OpraHi4YHi CIOJYKH YTBOPIOIOTH Ha MOBEPXHI
MeMOpaH 10HOCETICKTUBHHX EJIEKTPOIIB MIllHI TUTIBKH [1-
4]. V 3B's3ky 3 1M, (TOp BHAAISIOTH BIiTOHOM a0o
MIEPEBONIATh HOTO OpraHidHi CTONYKH Y €JIeKTPOAKTHUBHI
3'eJlHaHHA Yepe3 IXHE pyHHYBaHHS XIMIYHUMU (KHUIT SITIHHS
3 aMOHII0 mepcyibparoM NPOTIroM TOAMHH) Ta
¢iznuanMu  (MIKpOXBWIIBOBE  Ta  ynbTpadioneToBe
BUIIPOMIHIOBaHHS, [is YJbTpa3sByKy) Mertomamu [2,3].
Uepes MeHIIy TPYIOMICTKICTH Tporiecy Ta Kparii
METPOJIOTIYHI XapaKTEePUCTHKNU OTPUMAaHHMX pe3yJIbTariB
aHayizy ~ HaWOUIbIle  PO3MOBCIODKEHHS  OTPHMAJIO
pylHYBaHHS ~ PO3YMHEHMX  OpraHIYHMX  PEYOBHH
¢biznaaMu Metonamu [5-7].

Hamu 3amponoHOBaHO BHKOPHCTAHHS YJIBTPa3ByKY
JUTsL pyHHYBaHHS PO3UMHHHX OPTaHIYHUX PEYOBHH CBHHLIO,
MiJi, KaaMmilo, PTyTi Ta apceHy y BOjax, po3coiiax Ta
po3unHax KyxoHHOi codi [1, 7]. Ilpu BU3HaueHHI CBUHIIIO,
MiJli, KaJIMito, PTYTi Ta apceHy, BUKOPHCTaHHS YIIETPA3BYKy
UL pyHHYBaHHS PO3YMHEHHX OPraHiYHMX PEYOBHH
JO3BOJIJIO Y TIOPIBHSHHSA 3 BHUKOPUCTAHHAM IHIIHX
(Gi3MYHNX METOJIB  3HAYHO TMOKPAIIATH METPOJIOTIUHI
XapaKTEPUCTHKH OTPUMAHHMX PE3YNbTaTiB aHAN3y uepe3
OUTBIITy CTAOUTHLHICTD Ta €(hEKTUBHICTD il YIBTPA3BYKy Y
TOPIBHSHHI 3 IHIIMMH (i3MIHIMU MeTonamH [7, 8].

3anpornoHoBaHa poOOTa NMPUCBIUCHA BUKOPUCTAHHIO
yABTPa3BYKy NpPU I0HOMETPUYHOMY BH3HA4Y€HHI (TOpHA-
10HIB y BOJIaX 1 pO34rMHAX KyXOHHOI COJIi.

2.ExcniepuMeHTa/IbHA YACTHHA

3acTocoByBali i0HOCENEKTHBHI enekTponu EF—VI
3 KPYTHU3HOIO enekTpomaHoi ¢yHkmii (47+£2) MB/pF. fx

€JICKTPOJI TOPIBHSHHS BUKOPUCTOBYBAIM XJIOPCPIOHMIMA

€TICKTPO.I EBJI-1M3. Pizuwuio IOTEHIIIAJIIB
IHAMKATOPHOTO Ta EJCKTPOAA MOPIBHSHHS BUMIPIOBAIH
ioHOMepoM  yHiBepcadbHuM EB-74. BusnaueHHs

MIPOBOJIMIIN B PEAKTOPi 3 BOASHOIO COPOYKOIO MICTKICTIO
50 M1, TATpUMYBAIM TeMIepaTypy 3a JIOMOMOTOI0
TepMoctara B Mexax (20+1)°C. BuxopucToByBamm
yibTpa3BykoBuii aucrepratop Y3JAH-1M 3 Habopom
MarHiTOCTPHUKIIIHHUX BHIPOMiHIOBAYiB.

Bci po3unnm rotyBany Ha OiIMCTHIIBOBaHIN BOJI 13
npenapariB kBamidikarii He HWk4Ye X.4. Sk ¢GoHOBUI
CNICKTPOJIIT TNPU  aHadi3i BOJX  BHUKOPHCTOBYBAIH
crangaptauil enekrpomit 3a JICTY 4386 (pH 5,0+0,2).
(Bignosimro mo m.4.3.3 JICTY 4386 ¢oHoBuit
enexrpouit y 500 mu mictuts 52 r anerary Harpito, 29,2
I XJOpuAy Harpito, 3 T uurpary Harpito, 0,3 T TpuIoHY
b ta 8 mi ouroBoi kucIOTH.).

Ipn anamizi po3coiiB i PO3YMHIB KyXOHHOI cOIi
(DOHOBUM €JIEKTPOJITOM CIIyXUB CaM PO3YMH KyXOHHOI
COJIi 3 KOHLICHTpAL€I0 XJIopyuay Harpito 1 M, migkucineHnit
COJISTHOYO KHMCTI0TOFO 1o pH 5 1 MmicTuB B 1 11 0,6 T Tpriiony
b. Cepito cranmapTHHX pPO3YMHIB TOTYBald IIIJISIXOM
MOCTTIOBHOTO PO3BENICHHS PO34MHY, 1m0 MicTuTh 0,1
MOJIB/TT HaTpito (ropuay. BumiproBaHHS MPOBOMMIN TIPH
pH 5-8 BixnoBigHO 10 pekoMeH AN, BUKIaaeHuX B [1].

TTocmimoBHICTE TIPOBENICHHSI JIOCTIiB Oyna
HACTyITHOIO: B peakTop nomimamyu 20 MJI aHasi30BaHOro
posunHy 1 10 mu (hOHOBOTO eNEKTPOiTY; NpH aHai3i
KyXOHHOI comi Ta posconiB Opamu 30 mn 1 M pozumHy
xJopuy Hatpiro, BBoawM 0,6 1/71 TpuioHy b 1 migkucisum
coysiHOKO Kkucnortoro fo pH 5. 3anyproBamu enexktponu Ta
OTPUMAHUH PO3YMH OOPOOISUIM YNIBTPA3BYKOM YaCTOTOFO
14-47 xI'y, inTencuBHicTiO 1-12 Br/cM? potsrom 0,5-3 X8 i
BHMIPIOBAJIM PI3HUIIIO TIOTCHITIATIB

Takok BHMIpIOBAlIM PI3HMIIO TOTCHINANIB B
aHATI30BAHUX PO3YMHAX ICIs PyHHYBaHHS OpPTaHITHUX
CIIONYK KUM'ATIHHAM 3 TepcyibdaTtoM aMmoHil0 B
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kuciomy cepenoumti [1]. TlapanemsHOo mpoOBOIMIIH
BU3HAYEHHS (TOPUA-IOHIB  CIEKTPO(OTOMETPUUHUM
METOJIOM 3 aJTi3apUHKOMILICKCOHOM [3].

Jlns BUBYCHHS BIUIMBY YABTPA3BYKY HAa BCIHYUHY
aHANNTUYHOIO  CHTHAJy  BUMIDIOBAIM  MOTCHIA
(TOPUIHOTO ENEKTPOLy B MUIIBOJIBTAX Yy PO3YMHI
01 IMCTIIIFOBAHOT BOIH, 10 MicTHTh 107 MosB/1 TOpH Iy
Harpito (dpor JICTY 4386) i B 1 M po3uuni Xjopumgy
Harpito (3 10 MONB/1 HATPIIO), IMiIKMCIEHOTO COJISTHOK
kucioToro g0 pH 5, mo mictuts B 1 11 0,6 T Tpriony b.
BuBYeHHS CITITBHOTO BILUTUBY YJIBTPa3ByKy Ta OpPraHIuHHX
PO3UMHHMKIB Ha BEJIMYUHY aHAJIITUYHOTO CHIHAIY

MPOBOMMIN  NIIAXOM  BHUMIPIOBaHHS  TOTEHINATY
¢dropunnoro enexkrpoay B 10 % po3uuHi eTaHONy 3TiHO
3 peKOMEH/IaIlisIMH, BUKIaeHuMu B [10], 3 BIirBOM 1 6e3
BIUIUBY YJBTPa3BYKY.

3.Pe3yabTaTH Ta iX 00r0BOpPEHHA

SIK BUXOIUTH 13 pe3yIIbTatiB JOCIIIB, L0 MICTATHCS
y  Tabmuui 1, KinbKicHE 10HOMETPHYHE BH3HAYCHHS
(hTopua-ioHIB B pO3UMHAX KyXOHHOI COJi 0€3 MmomepeaHboi
00poOKM po3uMHY JUIA TIepeBeNeHHs (PTOPHI-IOHIB B
CJICKTPOXIMIYHO aKTWBHI (OPMH HE € MOXKIIUBUM.

Tabmunst 1 — Pesynsrary Bu3HaueHHs (TOPHUI-IOHIB y BOAAX Ta KyXOHHOT coui

Baezero 3HaiineHo d)”iOpI/Ili-iOHiB, Mmr/i / Sr
O06'exT aHamizy ¢bropua- (n=6, p=0.95)
iomiB, Mr/T 3a 3anpONOHOBaHOIO 3a poTOMETPUYHOIO
METOJIUKOIO MEeTOAMKOIO [1]
bBe3 pyiiHyBaHHS OpraHiuHUX PEUOBUH
PitkoBa Boga, p.CononuLs 0 0,243/0,066 0,314/0,035
’ 0,50 0,724/0,054 0,795/0,037
I'ennuechKuii coe3aBo 0 0,371/0,064 0,422/0,044
0,50 0,850/0,063 0,930/0,046
KyxonHa cifb, 0 0,163/0,067 0,201/0,039
JIT «Apremcinby 0,50 0,642/0,057 0,712/0,044
3 00po0KoI0 aHaIIi30BaHUX MTPOO KUM'ATIHHAM
3 mepcysb(aToM aMOHII B KHCIOMY CEPEIOBHILI
PiukoBa Boga, p.CononuLs 0 0,383/0,091 0,402/0,072
’ 0,50 0,842/0,100 0,921/0,074
I'ennuechKuii coe3aBos 0 0,450/0,093 0,470/0,082
0,50 0,901/0,111 0,910/0,080
KyxonHa cifb, 0 0,273/0,094 0,253/0,075
JIT «Apremcinby 0,50 0,742/0,102 0,760/0,080
3 00po0Kolo aHalli30BaHUX MPOO €0 YIBTPa3BYKy
PiukoBa Boga, p.CononuLs 0 0,410/0,065 0,430/0,052
’ 0,50 0,921/0,068 0,930/0,053
I'ennuechKuii coe3aBos 0 0,462/0,065 0,472/0,051
0,50 0,940/0,069 0,965/0,045
KyxonHa cifb, 0 0,261/0,070 0,254/0,044
JIT «Apremcinby 0,50 0,742/0,074 0,762/0,060
Jns NEepeBEACHHS CHOIYK ¢dTopy B AHAJITUYHOTO CHUTHANY (TOPUA-IOHIB, PO3MINPEHHS
eJIEKTPOXiMiuHO  aKkTUBHI  (OpMHU  3ampoOmOHOBAHO  JiHiMHOI o6nacTi rpaxyroBaisHOro rpadika 3 1075 mo

00poOISATH PO3YMHM KYXOHHOI COJIi  YIBTPa3BYKOM
yacTtoToro 18-44 xI'l, iHTeHCUBHICTIO IjoHalMenmIe 10
Brt/cm? npotsirom 1 xB (puc. 1). Ilig giero ynsTpasByky
3MIHIOETBCS CTPYKTypa po3uuHiB [1], 1m0 mpu3BOAUTH
JI0 3MIiHH iX ()I3MKO-XIMIYHUX XapaKTEPUCTHK, 30KpeMa
TYCTHHH, B'si3KOCTi, mposimHocTi [7]. Kpim ToroO,
nonepeHst 00poOKa  pPO3YMHIB  XJIOPHIY  HATpio
YIBTPa3ByKOM iHTEHCUBHiCTIO Oinbme 5  Br/em?
BUKIUKAa€  30UIBIICHHS  I[IBUAKOCTI  MONIUPCHHS
YIBTPa3ByKy 3aJeXHO BiJ KOHLEHTpauii (puc. 2), 1o
TAaKOXX CBIIYUTH ITIPO CTPYKTYpHI 3MiHM B PO3YHMHAX
XJIOPUTY HATPII0, BUKJIMKAHUX JI€I0 YIBTPA3BYKY.
BcranoBieHo Takok, M0 TMomepenHs oO0poOka
pPO3UMHIB  XJIOpUAY HATpito Ta KyXOHHOi  codi
YABTPA3BYKOM IPU3BOJUTH A0 301IbLICHHS BEIUYHHH

3,5:107 M (Tabn2),

CKOPOYCHHSI  4acy

eNeKTpoja B po3duMHaX, 1o MicTate 10° M ¢ropua-
ioHiB 3 10-12 xB mo 2-3 xB (Tabm. 3). BoueBumsp, mo
BHIICBUKIIAZICHI  EKCIIEpUMEHTaNbHI  (akTh MOXKHA
MIOSICHATH JIUIIE CTPYKTYPHUMH 3MiHAMH PO3YUHIB ITiJT
BILTUBOM YABTPa3ByKy [7].

[NoninmieHHs  METPOJOTIYHUX  XapaKTEPUCTHK
IOHOMETPUYHHUX  BHUMIpIOBaHb IPU  BHUKOPUCTaHHI
YIBTPa3ByKOBOI ~ HPOOOIIATOTOBKH,  IOPIBHSHO i3

3aCTOCYBaHHSAM METOJIB XIMIYHOTO OKHUCHEHHsS (Taoll.
1), MOXKHA TOSCHUTHA HE TUIBKM 3MCHIICHHSIM BTpaT
00yMOBIICHOTO €JICMCHTA 1 3MCHIICHHSAM 3a0pyIHCHHS
pPO3UMHIB, IO BHKOPHUCTOBYIOTHCS, JOMIIIKAaMH i3
3aCTOCOBYBAaHUX PEarcHTiB, aje 1 YAbTPa3ByKOBHM
OUHIICHHAM eneKTporay [7].
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Yacrora ynrpazeyry, kl'n Konuenrpanina Xaopiuia Hanpin, Moab/a
. . PucyHok 2 — 3anexHicTb LIBUAKOCTI MOIIMPEHHS
Puc. 1 — 3anexxHicTh BETMYUHN aHATITHYHOTO CUTHATY . .
L . - YJIBTPa3ByKy BiJl KOHLIEHTPALi XJIOpUy HATPil0 B PO3UMHAX
¢Topua-ioHiB Bix yactotH (1), IHTEHCUBHOCTI . o .
(1 — po3unH XJIOPHIY HATPilO, HE OOPOOICHUH YABTPA3BYKOM;
(2) Ta gacy BBy Y3 (3) 5 . N
— PO3YHH XJIOPHIY HATpit0, 0OpoOICHHIT YIETPa3BYKOM)
BrumBs yIsTpasByKy Ha BOJHO-ETAHONBHI PO3uMHM  2.), 30UiblIeHHs iHTeHcuBHocTi Y3 Bin 1 no 3 Br/em?
NPU3BOMUTH  JIMIIE A0  HE3HAYHOTO  TIABWINEHHS  NPU3BOMUTH /IO HE3HAYHOTO 3pPOCTAHHA  BENMYMHHU

YyTIMBOCTI BU3HaueHHs (puc. 3, Tabm. 2). [Ipu 1mmpomy,
94acToTa YIBTPa3ByKy B aiama3oHi 18-44 kI mpakTugHO
HE BIUTMBA€ HA BEJMYHMHY AHATITHIHOTO CUTHATY (TaOl.

AHAJIITUMHOTO CHMTHAJly, a MiABHMILEHHA ToHan 5 Br/cwm?
(TaGm. 2) — no Horo 3HWKEHHS, 10 TIOB'SI3aHO, BOYEBU/Ib, 3
PpYHHYBaHHSM €TaHOJY ITiJl BIUTABOM YJIBETPa3ByKy [7, 9].

Ta6nuis 2 — Bruus ynpTpa3ByKy Ha BEIMYMHY aHAITHYHOTO CUTHANY (GTOPHI-iOHIB

BennunHa aHATITHYHOTO CHTHAITY, MB
3 Ji€l0 yIbTPa3ByKy
. 5 be3
Yacrora [HTEeHCHBHICTD yNIBTpPa3ByKy, Br/cm v3
Y3, k' 1 | 3 | s 6 | 0 [ 12
®oH — 1 M uurparuuii 6ydepHuii pozuns
18 139 150 168 170 169 171 141
22 139 148 168 167 171 170 141
44 137 136 166 167 168 171 141
47 132 133 157 160 166 165 141
®on — 1 M po34uuH XJIOpHIY HATPIIO
18 150 156 160 161 162 161 132
22 148 156 158 160 160 161 132
44 144 154 156 157 160 161 132
47 142 147 153 154 155 157 132
®on — 1 M nurparuuii Oydepuuii pozuns + eranon go 10 %
18 185 190 165 167 171 171 181
22 185 190 165 167 170 171 181
44 183 187 165 166 171 170 181
47 184 188 159 161 164 166 181
®on — 1 M pozuuH xsopuny Hatpito + eranon 10 10 %
18 180 181 161 161 161 161 177
22 180 181 160 160 161 161 177
44 181 181 161 156 156 160 177
47 179 178 157 153 153 156 177
IpencraBneni  ycepemHeHi — pe3ysbTaTH  IIECTA  IOHOMETPIl CIIPHSIE ITiIBHUIIICHHIO EKCIIPECHOCTI, Yy TIIMBOCTI

nocminis. Yac aii ¥3 1 xB. KoHuenrparist ¢propuay Hatpito
10* monb/n.TakuM YMHOM, B pE3YJIBTaTi  TIPOBEIEHUX
JIOCII/DKEHb TIOKa3aHO, IO 3aCTOCYBAaHHS YJBTPasByKy B

Ta MOJIIILIEHHIO BiATBOPIOBAHOCTI PE3YJIBTATIB aHAI3Y.
Mesxa BusiBieHHs pTopu-ioHIB y Boztax cknaia 0,007
MI/11, y KyXOHHi# comi— 1,2x1075 %,
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Ta6mya 3 — BrumB yneTpa3BykoBoi 00poOKH pO3YHMHIB Ha Yac BiATyKy enekrpony EF-YI

. Yac BIATYKY €ICKTPOIY
CkaJ po3yuHiB EF-YI, x5,
be3 monepenaboi 00pOOKH YIIETPa3BYKOM
Cranpaptauii enexkrponit no JCTY 4386 (CE); 10> M NaF CE u 10*M NaF 140
Xnopun Hatpito 1 momb/n, mo mictute 0,6 © Tputony b, 10°M NaF, mixkucieHuii
COJISTHOO KHUCJI0TO 710 pH 5 12
Xnopun Harpito 1 Mons/n, skuii mictuts 0,6 T Tpunony b, 10* M NaF, nigxucieHuil
COJISTHOIO KHCIO0TOI0 A0 pH 5 6
3 monepeHp0I0 00POOKOI0 YIABTPAa3BYKOM
Cranpgaprauii enexrpoiit no JCTY 4386 (CE); 10 M NaF CE u 10 M NaF ‘2‘
Xnopug Hatpito 1 moms/m, mo mictuts 0,6 r© tpwiony B, 10°M NaF, nigkucnennit
COJISTHOIO KHCi0TOr0 A0 pH 5 5
Xnopuz Harpiro 1 Mons/n, skuit Mictuts 0,6 T Tpunony b, 10 M NaF, nigkucnenuii
COJISTHOIO KHCJIOTOIO 10 pH 5 3
Memoouxa eusnavenns ¢mopuo-ionie y 800ax. 4. BUCHOBOK

Jlo peaktopa 3 BOASHOIO COPOYKOIO, IO [IO3BOJISE
nigTpumyBatu temneparypy (20£1) °C, nonuBaroTh
20 wmn  pgocmimkyBanoi Bomu, 10 M ameratHo-
nutpatHoro OydepHoro pozumny 3 pH (5,0+0,2),
3aHYPIOIOTH €JIEKTPOJM Ta BIUIMBAIOTH Y3 — 4aCTOTOIO
22 kI'm, inTeHcusHicTIO 5 BT/cM? mpotsarom 1 Xs.
Bu3HavaroTh 3HaYCHHS MOTCHIlIANY, 110 BCTAHOBUBCS

BuBueHO  BHKOpHCTaHHS  YIBTPa3ByKy  IIpH
IOHOMETPUYHOMY BH3Ha4YeHHI (hTOpUI-IOHIB y BOJax Ta
pO3UMHAX KYXOHHOi COJIi 3 BUKOPHCTAHHIM ITOTIEPEIHBOT
00poOKM pPO3UMHY VIIBTPa3BYKOM. EKcrieprMeHTaIbHO
BCTAHOBJICHI ONTUMAJIbHI TIapaMeTpH  yJIbTPa3BYKY
yactora 18.. 44 xI'n, idTeHcuBHicth > 10 Br/cm®

L . . >
B MiniBombrax. [lani 3a rpaayroBaibHuM rpadixom ~ POTArOMHacy = 1 xB. Tokasano, mwo nonepe;rs 06pobka

3HaxoaATh Beanunny pF, a motim pF mepepaxosyiorp ~ PO3THHY ~ YJIPTPASBYKOM — SHaWICHHX  I1APAMCTpIB
y MiTIrpaMax Ha JiTp MPU3BOUTH HE TUTHKH JI0 OYUCTKH CNCKTPOY Bifl IUTIBOK

Memoduxa usnauenns pmopud-ionie y pozuunax ~ CPFAHIMHIX PEHOBHH, ane i 10 110 30UTBIICHHS BCJIYHHH
KyxoHHOI coni. JIo peakTopa 3 BOISHOIO COpPOYKOIO, 1110 agamgmnoro CHTHATY (bTopy, po3f62peHH§ Sﬂllggl}f\(/} !
O3BOJIIE  miATpUMyBatu  Temmeparypy (20+1) °C, OOIACTI TPajlytoBaNIbHOTO rpadika 3 O 3,0 ’
mommBarote 20 Mi gocmimikyBaHoro 1 M posumHy CKOpOHCHHS Sqacy. BUITYKY CICKTpOZa B PO3HMHAX, INO
KYXOHHOI COJIi, 3aHypIOIOTb €IEKTPOXH Ta BIUIMBAIOTH  “iCTATP 10° M 10HIB ¢ropy 3 10-12 X8 10 23 xB.
V3 — wacrotoro 22 kI, iHTencusHicTIo 5 Br/cwm? INoka3zaHo, o 3HaWAEH] eKCTIepUMEHTaNIbHI (PaKTH MOYKHA

, . . .

npotsirom | XB. BU3HAYAIOTH 3HAYCHHS MOTeHI{any, mo ~ LOICHIOIOTECH - CTPYKTYPHUMHI  SMIHAMH  POSYHHIB A
BCTAHOBMBCS B MimiBonbrax. Jlami 3a rpagyroanbhum — DIUIMBOM YIIBTPA3BYKY. Pospobrera meTozmKa BHSHA4CHIT
rpadikom 3Haxomst Bemmummy pF, a moriv pF  BMICTY (TOPHUI-IOHIB Y PO3YMHAX KYXOHHOI COJIi Ta BOJAX.

P : Meska BUSBICHHS (TOPUI-IOHIB y BOJax CKJiana
it aXOBYIOTh y MiJlirpamMax Ha JIiT
CPEpAxOByIoTe ¥ P P 0,007mr/n, y kyxoHHii comi — 1,2-107 %.
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Ionometric determination of fluoride ions in water and solutions of table salt using ultrasound
O.1. Yurchenko, I.R. Shevchenko, L.V. Baklanova, T.V. Chernozhuk, O.M. Baklanov

Abstract

The use of ultrasound in the ionometric determination of fluoride ions in water and kitchen salt solutions with the use of
preliminary ultrasound treatment of the solution was studied. Experimentally established optimal parameters of ultrasound -
frequency 18-44 kHz, intensity > 10 W/cm? for a time > 1 min. It is shown that pretreatment of the solution with ultrasound of
the parameters found leads not only to the cleaning of the electrode from films of organic substances, but also to an increase in
the magnitude of the analytical fluoride ions signal, an expansion of the linear region of the calibration graph from 107 to 3.5-10"
7'M, a reduction response time of the electrode in solutions containing 10~ M fluorine ions from 10-12 min to 2-3 min. It is
shown that the found experimental facts can be explained by structural changes of solutions under the influence of ultrasound. A
technique for determining the content of fluoride ions in common salt solutions and water has been developed.

The detection limit of fluoride ions in water was 0.007 mg/l, in table salt — 1.2-107%.

Key words: fluoride ions, ionometric determination, kitchen salt, water, ultrasound, relative standard deviation, electrode.
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JOCJIKEHHS MOXKJIUBOCTENA BUKOPUCTAHHS
KOJIOPUMETPII B MEJULIUHI

10.€. Xopomaiino, LK. Cezonona, O.B. Jlerrspros, M.B. Kopbenpkuii, [1.M. Bineupkuit

Xapkiecvkuil nayionanvhuil ynigepcumem paoioenexmponixu, Xapkie, Yxpaina

AHoTanist

JlocITi/DKeHHS. MOXIIMBOCTI BUKOPHCTAHHS KOJIOPUMETPii y MEIUIUHI MalOTh Ha METi BUKOPUCTAHHS CyYaCHHX METOJIB Ta
OpHIafgiB JUI MIarHOCTUKH KOHIGHTpamil PEYOBHH Yy INPUPOJHHX pO3YMHAX. KolopuMerTpis SK MeTOJ BHMIipIOBaHHS
KOHILICHTPAIi1 peuoBUH 0a3yeThCs Ha 3aTHOCTI PO3YMHIB IEBHIX PEYOBUH 3MIHIOBATH KOJIIP MPH Pi3HUX KOHLEHTpaIlisx. Metoxn
JI03BOJIIE KUIBKICHO BH3HAYMTH KOHIEHTPAL}0 PEYOBMHM, BHXOISIYM 3 IHTEHCHBHOCTI KOJNbOpPY, Ky (ikcye mpumany —
kosopuMeTp. OCHOBHI NPHUHIUITK KOJOPUMETPIii BKIIOYAIOTh CHEKTPO(POTOMETPI0, 3acTOCYBaHHs 3akoHy byrepa-JlamGepra-
bepa, xaniOpyBaHHs npuiay, BUOIp JOBXXHUHHU XBUJI, OL[IHKY ITOTJIMHAHHS CBITJA 1 MOPIBHAHHSA 3 eTaloHaMu. B poOoTi HaBeaeHO
OCHOBHI aCIEKTH i IPHHLMITH KOJOPHUMETPHYHOTO aHAII3Y, SIKI MAIOTh BaXKIIBE 3HAYCHHS JUIsl OTPHUMAHHS TOYHUX PE3yJIbTaTiB.

KurouoBi cioBa: KonopumeTpist, KOHIEHTpAaLlis pEYOBHHH, €IEKTPOHHHIT KOJOPHMETP, Ta00PaTOPHi AOCIHIIKEHHS

1. Betyn

EnexkTpoHHa KOJOPUMETPisS — Le Cy4acHHIl MeTox
BHUMIpIOBAaHHS KOHIIEHTpalii PE4YOBMH 3a JOMOMOIOIO
KOJILOPOBUX XapakTepucTuk. lle omHa 3 BakiIMBHX
METO/IUK, SIKa AaKTHBHO BHUKOPHCTOBYETHCS B MEIHMLMHI
JUIl  J1arHOCTUKM Ta MOHITOPUHTY PI3HOMaHiTHHX
cranis nauientis [1-7].

CyTHICTh KOJIOPUMETPIi TOJISrac B aHali3i KOJIbOpy,
SIKMH TIOTTIMHAe a0o BinOMBae pevdoBHHA TPH TEBHIH
JIOBXKHMHI XBWJI CBiTIa. BiamoBiHO, 1HTEHCHUBHICTh
KOJIbOPY € TOKA3HUKOM KOHLEHTpALlii EBHUX PEYOBUH. 3
PO3BUTKOM EJIEKTPOHHUX TEXHOJIOTiH Ta OOJaHAHHS Iieit
METOJ] CTaB Iie OUTBII TOYHMM, HIBHIKUM Ta JOCTYITHUM
JUISL MEZIMYHKX 3aKJIa/1iB, 0 3HAYHO IOKPAIIMIO AKICTbH 1
LIBUJIKICTh HAJIAaHHS MEIMYHUX MOCIYT.

Tepmi cnpobu 3acTocyBaHHS KOJOpUMETpil Oyim
OB’ s13aHi 3 XIMIYHUMU JIOCIJAMH Ta aHaJli3aM{ PO3YHHIB,
KOJIM JIOCTiTHUKH TOMITHIN 3B’SI30K MiX KOJBOPOM
PO34YMHY Ta KOHIEHTPALIEI0 TEBHOI PEYOBHHH B HHOMY.
3ronoM BUHHKIJIA HEOOXIIHICTP Y TOYHOMY BH3HAYCHHI
KOHIIGHTpAlliii PO3YMHIB, M0 CTHMYJIIOBAJO PO3BUTOK
IHCTPYMEHTIB /Il BUMIPIOBaHHS iIHTCHCUBHOCTI KOJIBODY.

B xinmi XVIII — mouatky XIX cTomiTTs 3akianeHo
OCHOBH TeOpii MOIJIMHAHHS CBITJIA PI3HUMHU PEYOBHHAMHU.
BaxMBUM BIIKPUTTSAM CTalO BCTAHOBJICHHS 3aKOHY
Byrepa-JlamOepra-bepa, sikuii  Omucye  3aJIe)KHICTb
MOTJIMHAHHS CBITJIAa BiJ KOHIGHTpalii pO3YMHY Ta

TOBHIMHM  Imapy  pedoBuHH. Lleii  3akoH  craB
GyHImaMeHTOM Uit CTBOPEHHS  KOJOPUMETPHYHHX
METO/IB KUTBKICHOTO aHali3y, OCKUIbKH JO03BOJISB
BU3HAYATH  KOHIICHTPAI[I0  PEYOBHH,  BUMIPIOIOYH
IHTEHCHBHICTI MTOTJIMHAHHS CBITJIA.

Meta  crarTi.  JlocmimkeHHS — MOMKIIMBOCTI

BHUKOPHCTaHHA KOJOPUMETPil y MeIuIMHI 6a3yeThCcs Ha
1l OCHOBHUX METOJaX Ta 3aKOHaX.

Komnopmmertpist ik METOIl BUMIpIOBaHHS KOHIICHTpALIii
peUOBHH 0a3yeThes Ha 371aTHOCTI PO3YHHIB IIEBHUX PEUOBHH
3MIHIOBaTH KOJIp TpH Pi3HUX KOHIEHTpamisix. Merox
JIO3BOJISIE KIJIBKICHO BH3HAYMTH KOHILICHTPALIKD PEYOBHHH,
BUXOJISTYM 3 IHTEHCUBHOCTI KOJIbOPY, SIKY (IKCYe mpuian —

KOJIOpUMETD. OCHOBHI ~ TNpPUHIMIM  KOJOPUMETPIl
BKJTFOYAIOTh  CIIEKTPO(OTOMETPI0, 3aCTOCYBAHHS 3aKOHY
Byrepa-JlamOepta-bepa, kamiOpyBanHs npuiamy, BHOIp
JIOBYKUHHU XBUJIi, OLIIHKY TIOTJIMHAHHS CBITJIA 1 TIOPIBHSAHHS 3
erasioHamu. Hrokue HaBeIeHO OCHOBHI aCTIeKTH 1 IIPUHIIUITI
KOJIOPHMETPHIHOTO aHaJIi3y, sIKi MAIOTh BOYKJIMBE 3HAUCHHS
JUISL OTPUMAaHHSI TOYHHX PE3yJIbTaTIB.

2. BukJjax oCHOBHOT0 MaTepiaJy.

3akon byrepa-Jlambepra-bepa, BimoMui Takox SIK
3akoH bepa, € omHMM i3 (yHIaMEHTaJbHHX 3aKOHIB
ONTHKK 1 XIMIYHOTO aHaji3y, IIO0 OMHCYE, SIK CBITIIO
MOTJIMHAETHCS. PEYOBHHAMHM Y PO34MHi. BiH BCTaHOBIIOE
MaTeMaTH4HY 3aJIe)KHICTh MK KOHIIEHTPALIIEI0 PO3YMHY,
JNOBXKMHOI  IUIXY  CBiTJa  4epe3 pO3YMH Ta
IHTCHCUBHICTIO CBITJa, SIKE MPOMILUIO dYepe3 pPO34YHuH.
OcHoBHa (opMyJia 3aKOHY BUIIIS/IAE TAK:

A=a-c-l, (1)

ne A — onTryHA TycTUHA (a00 MOTTIMHAHHS) PO3YHHY, IO
€ Jorapu(MivyHOI0 MIpOI0 3MEHIICHHS IHTEHCHBHOCTI
CBITJIa HiCJISI HPOXOKEHHS Yepe3 PO3UMH; 0L — MOJLIPHUH
KOe(IliEHT MOTNIMHAHHA (TaKOX BIIOMUH SK MOJSpHA
abcopOuiiiHa 37aTHICTB), IO 3aIEKUTh BiJ NPUPOIH
pEUOBMHH  Ta  JIOBXKMHM  XBWII  CBITHa,  sKe
BUKOPUCTOBYETBCSI B aHall3l; ¢ — KOHIEHTpALis
PEYOBHMHH B PO3UMHI (3a3BUYaii BUMIPIOETHCS B MOJIIX HA
miTp, abo MoJb/1); [ — NOBXKMHA LUIAXY, SIKY NPOXOJHUTh
CBITJIO 4epe3 PO34MH (BUPAKAETHCS B CAHTUMETPAX).

3akon byrepa-JlamOepra-bepa crBepmkye, 110
ONTMYHA TYCTMHA TIPONOpLiMHA SK KOHLEHTpaLii
PEYOBMHM B pPO3YMHI, TaK 1 JOBXKWHI LUIAXY, SKAH
MPOXOJUTH CBITJIO 4Yepe3 Liei po3yuH. [HIIMMU clioBamuy,
YHMM BHILE KOHIIEHTpALlid Pe4OBUHH a00 JOBKHHA IULIXY
CBITJIA, TUM OiJBIIE CBITIO IOTIMHAETHCS, 1 THM MEHIIE
HOTr0 BUXOIMTH 3 IHIIOTO OOKY po3uuHy (puc.l).

Ie#t mnpunHmMn € O0COONMBO BaXKIMBUM  JUIS
BU3HAYCHHsA KOHIIEHTpalil pEYOBMH Y pO3UMHAX 3a
JIOTIOMOTOr0 ~ (JOTOMETPUYHHX ~ METOMiB. 3a  BifIOMOI
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JIOBXKMHH 1IUIIXY Ta MOJISIPHOTO Koe(illieHTa MOrJIMHaHHS
MOXXKHa TOYHO BHM3HAUUTH KOHLEHTPAI[I0 PEYOBHHH,
IIPOCTO BUMIpPSIBLIY HOTTIMHAHHS CBITJIA PO3YHHOM.

3akoH Byrepa-JlamGepra-bepa IIHPOKO
BUKOPHCTOBYETHCS Y KOJIOPUMETPIi Ta CIEKTPOPoTOMETPil
JUIl  BU3HAYCHHS KOHLEHTpalil MNEeBHUX pEYOBHH Yy
posunHi. Hampukian, y MemumdHuX Jabopatopisx BiH
JI03BOJISIE BU3HAYNTH PiBEHb ITTIOKO3H, XOJIECTEPHHY, Olka
Ta {HIIMX [OKAa3HKUKIB Yy 0I0JOTTYHUX piAMHAX.

3HaHHS MOJISIPHOTO KOe]illieHTa MOTJIMHAHHS JUIs
[IEBHOI PEYOBUHH JIO3BOJISIE BUKOPUCTOBYBATH 11Ci 3aKOH
JUISl IEPEeBIPKH 11 YUCTOTH.

Iy

/

Puc.1 Imroctpauis 3akony byrepa-Jlambepra-bepa
({o— IHTEHCHBHICTb BXITHOTO NMOTOKY, /1 — IHTEHCUBHICTb
BHXIiTHOTO MTOTOKY)

3aKOH TaKOX BHKOPHUCTOBYETHCS ULl aHAIIZY
KOHIICHTpAIlii IIKiJJIMBUX PEYOBHH Yy BOJi, MOBITPI Ta
IHIIMX 3pa3Kax JTOBKIULIAL

Ane BUILE3a3HAYCHUH 3aKOH TNPAIIOE KOPEKTHO
JIVIIE 32 IEBHUX YMOB!

1. OnHopignicTs po3uuHy: Po3umH noBuHeH OyTH
OMHOpPiTHUM, O3 3aBHCIMX YACTUHOK, SIKI MOXYTh
PO3citoBaTH CBITJIO.

2. BincytHicts QuyopecueHuii Ta  XiMIiYHHX
peakuiii: PeyoBuHa He moBuHHa QuyopecuiroBaTé ado
BCTYNATH y XiMI4HI peakiii i BIVIMBOM CBiTJIA.

3. JliHiliHICTP Y NEBHHX MeXaX KOHLEHTpaliii:
3aKOH mpauroe JHIHHO JHIIe B OOMEXEHOMY Jiara3oHi
KoHIeHTpaii. IIpy HagTO BHCOKMX KOHLEHTpALIsSX
BHHHMKAE BiIXUIICHHS Bij JTiHIMHOT 3aJI€KHOCTI, 1 TOYHICTE
aHaJi3y 3HIKYETBCS.

Y xonopumeTpii BUKOPUCTOBY€THCSI BUIIUME CBITJIO,
K€ MPOXOAWTH Yepe3 PO3YMH, L0 IOINIMHAE YACTHUHY
CBITJIa  3aJIEKHO  BiJl  KOHIEHTpalii  PEYOBHHH.
IMornuHaHHS CBIT/IA 3QJI€KUTH BiX JOBXHWHM XBHII CBIiTJIa
i TpUpPOAM PEYOBHHH, TOOTO TI 3AaTHOCTI TOTJIMHATH
CBITJIOBY eHeprito. Yum Oinbllia KOHIIEHTpAllis PEYOBUHH
B PO34MHI, THM OlJIbIlIa YacTKa CBiTJIa Oy/ie MOTJIMHEHa, i
THM IHTGHCHBHIIINM Oyne Komip posumHy. Y
KOJIODUMETPHYHOMY ~ aHalli3i BHUMIPIOETHCS ONTHYHA
ryctiHa abo TornuHaHHsA cBitna (A), sika 3pocrae 3i
30UIBIICHHSIM KOHIICHTPALIl PO3YHHY.

3akon byrepa-JlamGepra-bepa € omHum 3
KIIOYOBHX MPHUHIMMIIB Yy  KOJOPUMETPIl, OCKUIbKH
BCTAHOBIIIOE KIUJIBKICHY 3QJICKHICTh MK KOHIICHTPAIIIEHO
PEYOBHHU B PO3UHHI Ta MOTIIMHAHHAM CBITJIa.

Bubip poBxuHM XBWJi, Ha SKId MPOBOIUTHCS
BUMIPIOBAaHHS, € BaXJIMBUM €TallOM Yy KOJIOPHMETDIi,
OCKIJIbKU Pi3HI PEYOBHHHU MOTIMHAIOTH CBITIO 3 PI3HOO
e(eKTHBHICTIO Ha pI3HUX JOBXHHAaX XBWwib. 100
OTpUMATH  MAaKCHMajdbHO TOYHI  pe3yabTaTH, Y
KOJIOpUMETpil BHOMpPAIOTh [OBXWHY XBWI, Ha SKIi
JOCTI/DKyBaHa PEYOBUHA MA€ MaKCUMAIbHE MOTIHHAHHS
cBimia. Ile mo3BoIIsE MIABUIIMTH YYyTJIUBICTH METOIY Ta
3MEHIIUTH MOKJIUBICTh BHHUKHEHHS TIOXHOOK.

Jns  oTpuMaHHs TOYHMX 1  BIITBOPIOBaHHX
pe3yibTaTiB  HEOOXiZHO  INpaBWIbHO  KaliOpyBaTtu
kosopumetp. KaniOpyBaHHS NpOBOJATH 3a JIOHOMOTOO
CTAIOHHOTO 3pa3ka abo cepil CTAaHAAPTHUX pPO3YHHIB
BiloMoi  KkoHueHTpawii.  KamiOpyBanHs  jomomarae
HaJaIITyBaTW TNpWIax TaK, 100 BiH NPaBUIBHO
IHTEprpeTyBaB 3MIiHM KOJbOpY po3umHy. [licias uporo
OynyeThesi KanmOpyBaibHa KpHBa, siKa BiJoOpaskae 3B'S30K
MDK KOHIICHTPALI€I0 PEYOBHHH T4 ONTHYHOIO I'yCTHHOIO.
3romoM, TpH BHMIPIOBaHHI 1poO, OTpUMaHi JaHi
MOPIiBHIOIOTh 3 KaIiOpyBaJbHOIO KpPUBOIO, IO 7A€
MOJKJIMBICT BH3HAUUTH KOHLEHTpALIIO JOCIIHKYBaHOL
PEYOBHHH.

Jnst TOYHOro BH3HAYEHHS KOHLEHTpALii peYoBHH
Y PO3UYMHAX 4acTO BUKOPHCTOBYIOTHCS €TaJOHHI 3pa3Ku
a00 po34yMHHU 3 BiOMOIO KoHIeHTpaliew. 1le mo3Bosse

OLIHUTH,  HACKUJIBKH  IHTEHCHBHO  3a0apBJeHU
JOCHI/DKYBaHUH PO3YMH MOPIBHSHO 3 €TAJIOHOM, |,
TaKUM YMHOM, BH3HAUUTH HOTO KOHIEHTPALIIO.
[Ipouenypa mMOPIBHSAHHS 3 €TAJIOHOM 0a3yeThCsl Ha
JMIHIKHOCTI ~ MDK  KOHUEHTpALl€l0  PEYOBUHH 1
MOTJIMHAHHSIM CBiTJIa.

OCKiJIbKA ~ BHUMIPIOBAHHS MOXYTh  IMifIJIABaTHCS

BILUTMBY ()aKTOPiB, TAKUX SIK OCBITJICHHS, TEMIEpaTypa Ta
YUCTOTA KIOBETH, BAXIIMBO JOTPUMYBATHUCS HAJIEKHUX
naboparopaux ymoB. [lns 3abe3medyeHHs TOYHOCTI i
BiITBOPIOBAHOCTI PE3yJIbTaTiB PEKOMEH Y EThCS:

1. Ilepesipsaru TIpHUIIaz nepexn KOXXHUM
BUMIPIOBAaHHSIM.

2. BuxopuctoByBaTi CBDKOIPUTOTOBJICHI
PO3YMHH.

3. UncTUTH KIOBETy Iepel BHUMIpIOBAaHHSM, IIOO
YHUKHYTH 3a0pyTHECHHSL.

4. OtpuMyBaTHUCh OIHAKOBOI
(KroBeTH) 111 BCIX BUMIPIOBaHb.

Meron KomopuMeTpii Mae Jeski 0OMeKeHHS.
Hanpuknan, BiH #Moxe Oyt HeeDeKTHBHHM IS
CKJIQJIHMX 0araTOKOMIIOHEHTHHUX CyMilled, J1e pi3Hi
KOMITIOHEHTH MAlOTh NEPEKPUBHI CIIEKTPH IMOTIMHAHHSL.
Takok y pa3i HaATO BHCOKUX KOHLEHTPALili BUHUKAIOTH
HEJIHIfHI BIIXUJICHHS, 1[0 MOXKE MPU3BECTH JI0 MOXHOOK.
Y  Takux BUNAAKaX PO3YMHH  PO30aBIAIOTH 110
KOHIICHTpallil, sika 3a0e3neuye JiHIHHY 3aleXHICTh 3a
3aKOHOM Byrepa-Jlambepra-bepa. e OJIHUM
OOMEKEHHSIM € IyTJIUBICTh METOMY A0 YHCTOTH POIUHHY
1 CTabIIBHOCTI YMOB BUMIPIOBaHHSI.

TOBIIMHM ILApy
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Oco0nuBy yBary npu AOCHIDKCHHI MUTAHHS MI0J0
BUKOPUCTaHHS KOJIOPHUMETPUYHUX METOMIB B MEAMIIMHI

IOUIIBHO  MPWAUIATH  aBTOMATu3amii  TpoIeciB
BUMIPIOBaHHSI.
CyuacHi KOJIODUMETPU OCHAIEHI HPOrpaMHHUM

3a0e3MeUYeHHsM, SIKE MOXKE aBTOMATU4HO O0poOJATH Ta
30epiraTd  pe3yibTaTH BUMIPIOBaHb, IO  JIO3BOJIIE
LIBU/ILIIEC OTPUMYBATH i aHAITI3yBaTH qaHi. J{eski npuiaau
MOXYTh TaKOX AaBTOMATHYHO BH3HAYATH MAKCHMAJbHY
JIOBXKUHY XBWII TOIJIMHAHHS, WO POOUTH Mpolec Iue
OLIBLI 3pyYHHM.

Konopumerpis € BaXIMBUM IHCTPYMEHTOM Y
MEIUYHIN M1arHOCTHIll, OCKIJIBKU JT03BOJISE HMIBUIKO Ta
TOYHO BHM3HAYaTW KOHLEHTpAIil 010XiMIYHUX PEYOBUH
y pinmHax opraHismy. Mertox 0OasyeTbcs  Ha
BUMIPIOBaHHI 1HTEHCHUBHOCTI KOJBOPY PO3YHUHY, IO
Jla€ 3MOTY OLIHUTH KUIBKICTh II€BHOI PEYOBUHHU Y
3pa3Ky. Y MEIMIMHI KOJIOPHMETPisi 3aCTOCOBYETHCS B
TaKMX OCHOBHHMX Trajiy3sX, SK KIiHIYHA OloXiMis,
nabopaTopHa  AiarHOCTHKA,  BU3HAYEHHS  PIBHA
FOPMOHIB Ta MOHITOPHHT JIIKYBaJbHOTO MPOIECY.
3aBIsIKH BHUCOKi it TOYHOCTI i LIBHIKOCTI
KOJIOPUMETPUYHI ~ MeToau  HalbylaMm  IIHPOKOTo
3aCTOCYBaHHS B MEANYHUX JIaOOpaTOPisX.

Kaniniuna 6ioximis

KonopumeTpiss € BaXJIMBUM IHCTPYMEHTOM Yy
MEIUYHIM TIarHOCTHIl, OCKIJIBKH ITO3BOJSE MIBHIKO
Ta TOYHO BHU3HAYATH KOHIEHTpalii OiOXiMIYHUX
PEYOBHH y piaMHax oprasizmy. Merona 6a3zyeThcs Ha
BHMIpPIOBaHHI 1HTEHCHBHOCTI KOJIbOPY PO3YHHY, IO
Jla€ 3MOTY OIIIHUTH KiJbKiCTh TEBHOI PEUOBUHH Y
3pasky. Y MEeOUIHHI KOJOPHUMETPisl 3aCTOCOBYETECS B
TaKUX OCHOBHHX Tajiy3sx, sSK KIiHIYHA OioXimis,
nabopaTopHa  JiarHOCTHKA, BH3HAYEHHS  PIBHS
FOPMOHIB Ta MOHITOPDHMHI JIKyBaJbHOIO IpOLECY.
3aBASKM ~ BHCOKIH  TOYHOCTI i IDBUAKOCTI
KOJIOPUMETPUYHI ~ MeTOoAM  HAOyJdHM  IIMPOKOTO
3aCTOCYBaHHS B MEJIMYHUX J1a00paTopisx.

JlaGopaTopHa JiarHOCTHKA Ta CKPHHIHT

KonopumMeTpisi BUKOPHCTOBY€TbCS B 0araThbox
7a0OpaTOPHUX TeCTaX, SKi JONOMAaralThb IIBHIKO
JIarHOCTyBaTH Pi3HI 3aXBOPIOBAHHS, OL[HIOIOYHM BMICT
TaKUX KOMITOHEHTIB, SIK KpEaTHHIH, CEYOBHHA, KAJbIIii,
¢docharn Ta aMIHOKHCIOTH B cedi, KPOBI Ta IHIIUX
OloyoriuHUX piguHaxX. Hampukiaa, KOJOPHMETPIsS €
OCHOBHUM METOJIOM JUISl BU3HAUEHHS PiBHS KPEaTHHIHY
B CHPOBATIi KpPOBi, IO € BAXIMBUM MOKa3HUKOM
(byHKIIT HUPOK.

IHIIO0TO MIOLUTHPEHOI0 IPAKTHKOIO €
BHKOPHUCTAHHS KOJIODUMETPUYHUX  TEeCTiB Yy
CKPUHIHT'Y — MacoBOMY OOCTeXEHHI HaceleHHsS Ha
HasBHICTH 3aXBOPIOBaHb, HANPUKJIAX, HAa aHeMiro. 3a
JIOTIOMOTO0 KOJIOpUMETPil JETKO BUSIBUTH
HEJOCTATHICTH 3alli3a B KPOBI, IO J03BOJISIE MBUIKO
IarHOCTyBaTH  3ali30JeilUTHY  aHEeMil  Ta
MPU3HAYUTH BiAMOBIHE JIIKYBaHHS.

[pukragoM  aBTOMAaTH3alii  TAakOro  THILY
nociikenb € konopumerp cepii Checker Hanna HI716
JUTSL BU3HAYEHHS OpoMy.

BusnayeHnHs1 piBHA rOpMOHIB

KomopumeTpis € 3py4yHUM IHCTPYMEHTOM JUIS
BU3HAYCHHS PIBHS JACSKHX TOPMOHIB y KPOBI, SIKi MOXKYTb
BIUIMBATH Ha €HIOKPHHHY CHCTEMY OpraHi3Mmy. 3a3Buuan

TUTST TaKKX JOCITiIKEHb BHUKOPHCTOBYIOTHCSI
iMyHOQEpPMEHTHI ~ METOAM 3  KOJIOPHUMETPUYHHM
BU3HAYEHHSM, SIKI JO3BOJSIOTE TOYHO BHUMIPIOBATH
piBEeHb TOPMOHIB, TaKMX SK IHCYJiH, THPOKCHH,

KOPTH30JL, 1[0 € BaXJIMBUM Y JIarHOCTHII CHIOKPHUHHIX
3aXBOPIOBaHb. 3a JOIOMOIOK KOJOPHMETpii TaKox
MO’KHa MOHITOPUTH TOPMOHAJIbHI 3MiHH B OpraHi3Mi Iij
Yac BariTHOCTi a0 TOPMOHAJIBHOI Teparii.
BumiproBaHnHs piBHSI KHCHIO B KPOBI
Oxcumerpis, onmHa 3 (GopM  KolopumeTpii,
3aCTOCOBY€ETBHCS [UII BUMIPIOBAHHS PiBHS HACHYCHHS
KpPOBI KHCHEM, IO € BaXJMBUM IIOKa3HUKOM MpH

3aXBOPIOBAHHAX  JUXAJIBHOI  CHCTEMH,  CEPLEBO-
CyIMHHHX TATOJOTIsIX Ta y  TAIi€HTiB,  fKi
nepe0yBatTh Ha IHTEHCUBHOMY JKyBaHHI.

[IynbcokcuMeTpu BHKOPUCTOBYIOTb LW IPUHLUI,
¢ikcyroun BIZIMIHHOCTI B KOJIbOPI OKCHI'€HOBAHOI Ta
JIe30KCUT€HOBaHOT KPOBi 1 TAKMM YHHOM OOYHCITIOI0YH
piBEHb KHCHIO.

Ouinka e(peKTUBHOCTI
MOHITOPMHI CTaHY NaLi€HTIB

Komopumerpis  Takox €
MOHITOPMHTY  JMHAMIKH  JIKYBaHHS  TIAIi€HTIB.
Hanpuknan, mamieHTH, SKIi  NPOXOIATh  JIIKYBaHHS
aHTUOIOTMKaMK a00 NPOTHPAKOBY TepaIlito, MoTpeOyoTh
PEryJIsIpHOTO KOHTpOJIIO 32 piBHEM IEBHUX OioMapkepiB
Y KpOBI.

KonmopuMeTpuyHi TECTH HO3BOJSIOTH IIBUIKO
OLIIHUTH KOHIEHTPALil0 LUX MapKepiB i TAKUM YHMHOM
KopuryBatu Tepamito. KpiM TOro, KOHTpOJb piBHA
cneunpiyHux  (GepMeHTIB Yy  KpPOBI  JO3BOJIE
MOHITOPUTH €(EKTUBHICTh JIIKyBaHHS TEYiHKH Ta
IHIIMX OpraHiB.

OCHOBHHMH  @lepeBaraMH  KoOJIOpHMeTpii €
TOYHICTh BHMMIPIOBaHb, BHCOKA YYyTJIMBICTh, IIBHIKICTH
aHayizy, MPOCTOTa B KCIUTyaTallil Ta BiIHOCHO HU3bKa
BapTICTh OONAaIHAHHA Ta peareHTiB. Y MeIMYHUX
JOCII/UKEHHAX  KOJIODUMETPIst  JI03BOJIAE  BH3HAYaTH
KOHLEHTpaLil peYOBUH y O10JIOTIYHUX PiJJMHAX, TAKHUX SK
KpOB, Ced4a, CIIMHA, [0 Mac BHUPIIIATbHE 3HAYCHHS IS
JIarHOCTHKM ~ 3aXBOPIOBaHb.  PO3MISIHEMO  OCHOBHI
HIepeBary [bOro METOY.

TouHicTh i BiTTBOpIOBaHiCTH pe3yJIbTATIB

Konopumerpist ~ 3a0e3meuye  BHCOKY — TOYHICTB
PEe3yJIbTATIB, OCKUIBKH MeToJ 0a3yeThesl Ha 00 €KTHBHUX
BUMIPIOBaHHSX iHTEHCHBHOCTI KOJIbOPY, SIKi
0e3rocepeHbBo OB’ s13aH1 3 KOHLICHTpALI€I0
JIOCIIDKYBAaHOI PEYOBHMHH. 3aBIIKM 3aKoHy byrepa-
Jlambepra-bepa MoxHa OTpUMATH YiTKy 3aJI€XKHICT MiXK
IHTCHCUBHICTIO 3a0apBIICHHS PO3YKMHY Ta KOHICHTPAILIIE0
pedoBuHu. lle [103BOJNSE MPOBOOWTH  IOBTOPIOBAHI
QHAJI3Y, PE3YNBTATH SKUX 3aJIHILAIOTECS CTAOUILHHMH 32
YMOBH  JOTPUMaHHS  JlabOpaTopHHX  CTAHIAPTIB,
MPaBUJILHOTO KaiOpyBaHHS NpHJIaAy Ta BHKOPHCTaHHS
SIKICHUX PEarcHTIB.

JiKyBaHHS Ta

KOPHUCHOIO Lol b
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TouHicTh METOAy TaKOX HiJBHILYETHCS 3aBISKU
HOro BHCOKIi YyTJIMBOCTI 70 MiHIMAJIBHHX 3MiH
IHTEHCHUBHOCTI CBITJIA, IO O3BOJISIE BUMIPIOBATH HAaBIiTh
HeBenuKi KoHmeHtpawii. Ile ocobmuBo BaxkiuBo Yy
MEWIMHI TS TIarHOCTHKK 3aXBOPIOBaHb, JIe HEOOX1THO
MaTH TO4YHI JaHi [pO KOHIICHTPAII0 CHeHU(pIYHUX
GiomapkepiB 200 MEITUKAMEHTIB y KPOBI.

Bucoka yyTamuBicTh

Konopumerpiss 3a0e3nedye BHUCOKY YYTJIMBICTBH
METOMy, IO JO03BOJSIE BU3HAYATH HABITH JyXe Mali
KOHIICHTpAIil peYoBMH Yy po3umHax. Hampukmanm, y
MEIMYHUX JOCHIDKCHHSIX LEeH MEeTOX Jla€ MOMKJIMBICTb
BUMIPIOBAaTH DiBEHb TOPMOHIB, ()epMeHTIiB, OLIKIB abo
[JIOKO3W B KpOBI, HaBiTh KOJNM IX KOHIEHTpaLii
MiHiManbHi. [le BaXkIMBO [AJisi PaHHBOI IATHOCTUKHU
3aXBOPIOBaHb T4 MOHITOPHMHIY CTaHy MAIli€HTIB, a TAKOX
U BiJICTE)KCHHsSI €(EKTHBHOCTI JIIKYBaHHS. 3aBISKH
YyTIIMBOCTI METOMY KOJIOPUMETPisSi BUKOPHCTOBYETHCS
JUTS. BUSIBJICHHSI HAaBITh HEBEJIMKUX BIiIXUJICHb BiJl HOPMH,
10 MOXKE OYTH KPUTUYHUM [Tl CBOEYACHOTO JIIKYBaHHSI.

HIBuakicTs MpoBeIeHHS aHATI3Y

OpHi€ero 3 HaHOUTBIINX IepeBar KOJIOPUMETpii €
MIBUIKICT, 3 SIKOIO MOXKHAa OTPHMATH pPe3yJIbTaTH
anauizy. KosopiuMeTpruyHi METOM O3BOJISIOTH 3a KiJIbKa
XBHWJIMH BH3HAUUTH KOHLEHTPALUI0 pEYOBHH, IO €
0COONMMBO BaXJIMBHM y MEIUYHHUX J1abopaTopisx, e
94acTo MOTPiOHI pe3yIbTaTH «TYT i 3apa3». Hampukiax, y
BUIIAIKaX EKCTPEHOI [[iarHOCTHKU (IpH Mimo3pi Ha
iHpapKT, WIOKOBUII cTaH abO OTPY€HHS) LIBHUAKICTD
aQHAI3y € BHPIIAIEHEM (AKTOPOM, OCKUIBKH Jae
MO>XKITUBICTB JIIKapsIM ONEPATHBHO NMPUHMATH PIICHHS Ta
MIOYMHATH JIIKYBaHHSI.

KpiM TOro, mBHAKICTE 1 HpPOCTOTa BHKOHAHHS
aHai3y 3MEHIIYIOTh 4Yac OYIKyBaHHS pe3yJbTaTiB i
JIO3BOJISIIOTH TPOBOAMTH OUIBbIIY KiJIBKICTH TECTIB 3a
KOpPOTKHH Tepiof, 10 MiABUIILYE eHEKTUBHICTH pOOOTH

n1abopaTopii.

IIpocToTa B ekciryaTanii

Konmopumerpuuni  aHajmi3M  BHUKOHYIOTBCS — 3a
JIOTIOMOTOK0 ~ BIZIHOCHO ~MPOCTOrO0 Yy  BUKOPUCTaHHI

o0naHaHHS, sIKe He TToTpedye crieniatbHIX HAaBHYOK IS
6a30Boro 00CITyroByBaHHS. Konopumerpu Ta
cHeKkTpo(OTOMETPHU JIETKO HAJAIITOBYIOTHCS Ta MalOTh
3po3yMisti iHTepdelicu s IpOBEIeHHS BUMIPIOBaHb, 1110
JIO3BOJISIE MEIMYHMM IIpalliBHAKAaM IIBHIKO HABYHUTHCS
poboti 3 mpwiamamu. lle BaXJIMBO B yMOBax, [Ie
HEOOXiZlHE  ONepaTWBHE  MPOBEJCHHS  TECTiB i
00CITyrOByBaHHS BEJIMKOT KUTHKOCTI MAIli€HTIB.

JonatkoBoro IepeBaroro € MOXXJIUBICTB
aBTOMaTH3alii  MPOIECY:  CyyacHi  KOJOPHUMETPH
OCHAILCH] IPOTpaMHUM 3a0e€3IEeUeHHSM, SKe JOIOoMarae
aBTOMaTHYHO 00poOJisATH, 30epiraT Ta aHali3yBaTH
pe3yibTaTh. e He nume 3HIKye HMOBIPHICTD JTIOACHKOL
MOMWJIKHM, ajie ¥ 3HAYyHO CHpOIIye OOpOoOKYy HaHUX Y
BEIIMKHUX J1a00paTOpisiX.

Hwusbka BapricTh

Konopumerpisi € onHuM i3 HalOLIBII €KOHOMIYHO
BUTITHUX METO/IB aHAI3y, [0 POOUTH ii JOCTYITHOIO st
OinbIIocTi MeMuHKUX J1aboparopiid. Cami KOJOpUMETPH

Ta pearcHTM MalTh BIJIHOCHO HEBUCOKY BapTIiCTh
NOpIBHAHO 3 IHIIUMH  METOJAMH, TaKUMH  SIK
xpomarorpadiss 4 Mac-criektpomerpis. Kpim Toro,
peareHTH, HeOOXiTHI ISt IPOBEACHHS KOJIOPHMETPHIHHX
aHaNi3iB, 3a3BMYall € HENOPOTMMHU 1  IIHPOKO
JOCTYIHHMH, LIO J03BOJISIE 3HM3UTH 3arajibHi BUTPATH Ha
JIIarHOCTHKY Ta 30epiraté OI0KeT MEIMYHUX YCTAHOB.

Huspka BapTicTh aHaNi3y € OCOOIMBO Ba)KIMBOIO
Ui KIIHIYHUX Ta JAIarHOCTUYHUX IEHTPIB, IO
00CIIyrOBYIOTh BEJUKI TpynH HACEJCHHS, /€ LIOJHA
moTpiOHAa BENHMKAa KIUIBKICTh TECTIB JUIS MAI[i€HTIB.
Konopumerpisi, TakuM 4HMHOM, 3a0e3Ieuye eKOHOMIYHY
JOLINBHICTh Y TOEAHAHHI 3 BHCOKOIO TOYHICTIO 1
HaJiMHICTIO.

YHiBepcaabHICTh 32CTOCYBaHHSA

Konopumerpisi € yHiBepcaJbHUM METOJIOM, SIKHA
MOXe OyTH BHUKOPHUCTaHHWIl IJIsI aHali3y Pi3HUX 3pa3KiB
— Big OlomoriyHux pimuH  (KpoB, ceda) IO
(apmarieBTHYHUX MpenapariB Ta XiMiyHUX peakTusis. Lle
pO3LIMPIOE  CIEKTp 1i 3acTOCYBaHHS 1 JIO3BOJISIE
BHKOPHCTOBYBATH 1i y PI3HUX MEANYHUX Ta HAayKOBUX
rajmy3sax. Y MeOUIMHI KOJOPHMETPHYHI  METOAn
JIO3BOJLSIFOTH BU3HAYATH KOHIEHTpALil 6araTboxX )KHUTTEBO
BOKJIMBUX KOMIIOHEHTIB, IO MAaIOTh 3HA4YEHHS UL
IIIarHOCTHKY 1 KOHTPOJTIO PI3HUX CTaHIB.

Xo4a KOJIOpUMETpisl Mae 6araTo rnepepar i MHUPOKO
BHUKOPUCTOBYETBCSI B MEAWYHIM  JgiarHocTHmi — Ta
apajizax, Iell MeTox He € ijealbHUM 1 Mae IIE€BHi
oOMEKeHHS Ta HeJOoNiKH. BaxnuBo posymitu 1i
HEJOJIIKM, OCKUIBKM BOHM MOXYTh BIUIMHYTH HA
TOYHICTh PE3YJIBTATIB 1, BIIMOBIAHO, HA IIaTHOCTHKY Ta
JmiKyBaHHS manieHTiB. Huwxye po3riasiHeMO OCHOBHI
HEJIOJIKY KOJOPUMETPIi.

YyTtausicTe 10 30BHINIHIX (pakTOpiB

OpHuM 13 HaWOLIBIIMX HEONIKIB KOJIOPUMETPIi €
YyTJMBICTh 0 30BHIIIHIX yMoB. [lapamertpu, Taki sK
TeMIIepaTypa, OCBITJICHHS Ta YHUCTOTa KIOBETH, MOXYTb
CYTTEBO BIUIMHYTH Ha pe3yibTaTd aHamisy. Hampukiam,
3MiHa TEMIepaTypd MOXE BHKJIMKATH 3MIHH Y
LIBU/IKOCTI peakuii MK peareHTamy, 1110, B CBOIO 4epry,
BIUITMHE Ha IHTEHCHUBHICTH KOJILOPY 1, BIAIMOBIZHO, Ha
BUMIipioBaHHs. TakoX, SIKIIO KIOBETH ab0 TMOCYH, IO
BUKOPUCTOBYIOThCS ISl aHAII3y, HE OYMIICHI, e MOXe
NPU3BECTH JI0 3a0py/HEHb, SIKi CIIOTBOPATH PE3yJbTaTH.
JlabopaTopii  NMOBMHHI ~ JOTPHMYBaTHCSI  CYBOPHX
MPOTOKOJIB KOHTPOJO YMOB, 100 3BECTH JI0 MIHIMyMy
BILTUB 30BHIIIHIX ()aKTOPIiB HA PE3yJIbTATH.

HeooxignicTh y kanidopyBanHi

Jost JOCSITHEHHS TOYHHUX pe3yJIbTaTiB
KOJIOPUMETPHIHI BUMIPIOBAaHHS OTpeOYIOTH
peryJsipHoro KaniOpyBaHHs mnpunafiB. KamiOpyBaHHS
3a3BUYail TPOBOAWTHCS 3a MOIOMOTOI0 CTAaHIAPTHHX
PO3uHHIB BiZloMOi KoOHIeHTpawii. HenpasuibHe abo
HeperyJsipHe KamiOpyBaHHS MOXKE IIPU3BECTH 10
3HAYHMX NOXWMOOK Yy pesyinpratax. Lle BuMarae
JONATKOBHX BHTPAT 4acy 1 pecypciB Ha pETyJsIpHY

nepeBipky 1  kamiOpyBaHHs, IO Moxe OyTH
OOTsDKIMBUM, OCOOIMBO B yMOBax 3  BEJIMKOIO
3aBaHTAXKEHICTIO.
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OO0Me:KeHHS B aHAJII3I CKIAHUX cyMilei

KonopumeTpist Mae neBHI 0OMEKEHHS TIPH aHai31
CKITAJIHUX CyMIIIeH, SKi MICTATh KiJlbKa KOMIIOHEHTIB 3
PI3HUMH CIEKTpaM{ MOIIMHAHHA. Y TaKUX BHUIAJKaX
pe3yabTaTh MOXYTb OyTH CHOTBOPEHHUMH 4epes
HAKJIaJIEHHS TMIKiB MOTJMHAHHS, M0 YCKIAIHIOE
iHTeprperanito AaHux. Hampuknan, y O6ionoridyHuX
piAnHax, Je MOXyTb OyTH TPUCYTHIMH KiJIbKa Pi3HHX
OinkiB, crnenudiyHi peakuii 3 OJXHMUM 3 HUX MOXYTb
OyTH  3aBa)KCHI  IHIIMMU  KOMIIOHEHTaMH,  WIO
MPU3BOJUTH IO HETOYHOCTI  BUMipiOoBaHb.  Jlmst
BUpilIeHHs L€ mpobieMu MOXYyTh OyTH BHKOpHCTaHi
OB CKIIAZHI METO/IM aHali3y, TaKi K XxpoMaTorpadis
a00 Mac-CIeKTPOMETPisl, ajie BOHU YacTO € JOPOKIUMU
i BUMaraloTh Oilblle Yacy Ha aHaimi3. Peakuii mix
peareHTamMu, 110, B CBOIO uepry, BIUIMHE Ha
IHTEHCHBHICTh ~ KONBOPY 1,  BiANMOBiZHO,  Ha
BUMIiproBaHHS. TakoX, SIKIIO KIOBETH abo0 TOCy[, IO
BHUKOPHCTOBYIOTHCS ISl aHAJI3y, HE OYMILEHI, LIe MOXKe
MPU3BECTU A0 3a0pYAHEHb, SIKi CIIOTBOPSTH PE3yJIbTATH.
JlaGoparopii NOBHHHI ~ DOTPUMYBATHCS  CYBOPHX
MPOTOKOJIIB KOHTPOJ YMOB, 100 3BECTH O MIiHIMyMY
BIUTUB 30BHIIIHIX ()aKTOPiB Ha Pe3yJIbTaTH.

Heoo6xignicTs y kaniopyBanni

Jnst JOCSTHEHHS TOYHHX pe3ynbTaTiB
KOJIOPHMETPHYHI BUMIPIOBaHHS HOTpeOyIOTh
peryisipHoro kamiOpyBaHHs npunaniB. KamiOpyBaHHs
3a3BMYAil IPOBOMHUTHCS 33 IONOMOTOI0 CTAaHIAPTHHX
po3uMHiB Bigomoi KoHueHTpauii. HenpaBuneHe a0o
HeperyJsipHe  KalmiOpyBaHHS MOXe TIPHU3BECTH IO
3HaYHUX TMOXMOOK y pesynpratax. lle Bumarae
JIONAaTKOBHX BHUTpPAT 4Yacy 1 PecypciB Ha peryJsIpHY
MepeBipKy 1 KaniOpyBaHHsI, 0 MOXKe OyTH OOTSKIIUBUM,
0COOJIMBO B YMOBAX 3 BEJIMKOIO 3aBaHTAKEHICTIO.

OO0Me:keHHS B aHAJLI3I CKIAHUX cyMilei

KonopumeTpist Mae neBHI 0OMEKEHHS TIPH aHai3i
CKJIQJIHUX CyMIIlIeH, sIKi MICTATh KiIbKa KOMIIOHEHTIB 3
PI3HUMH CIEKTpaMU MOIMHMHAHHA. Y TaKUX BHUIMAAKAX
pe3yJabTaTh MOXYTb OyTH CHOTBOPEHHUMH 4epes
HAKJIaJIEHHS TMIKiB MOTJMHAHHS, M0 YCKIAIHIOE
iHTepperanito AaHux. Hampukman, y O6ionoridyHHX
pianMHax, Ae MOXyTb OyTH IPUCYTHIMM KiJbKa Pi3HHX
OinkiB, crenudiyHi peakuii 3 OJXHMUM 3 HUX MOXYTb
OyTH  3aBaKCHI  IHIIMMU  KOMIIOHEHTaMH,  WIO
NPU3BOAUTE IO HETOYHOCTI  BHMipioBaHb. Jlis
BUPILICHHS Ii€i MpoOieMH MOXYTh OyTH BHKOpHCTaHi
OLITBII CKIIAIHI METO/N aHai3y, TaKi K Xpomartorpadis
a00 Mac-CIeKTPOMETPisl, ajie BOHU YacTO € JOPOKIUMU
1 BUMararoTh OiJIbllIe Yacy Ha aHaJi3.

CxJagHicTh B po00Ti 3 NeBHUMH 3pa3KaMH

Jeski 3pa3skd  MOXYTb OYTH BaXKUMH IS
aHaJi3y 3a JIOmMOMOrow Koimopumerpii. Hanpuxian,
B’s3ki ab0 MYKO3HI pIIUHH MOXKYTh YCKIQJHUTH

BUMIpDIOBaHHS, OCKUIBKM B HHX MOXYTb OyTH
TPyAHOIII 3 PO3YMHEHHSIM peareHriB abo 3
JIOCATHEHHSAM  OJHOPIAHOCTI  3pa3ka. Y  Takux

BHIIAJIKaX MOXeE 3HAAOOUTHCS MOMEPenHs MiArOTOBKa
3paskiB, L0 J0Ja€ JONATKOBMW eTam y mpoleci
aHaJTi3y Ta MiJBHILY€e HMOBIPHICTh TTOMHIIOK.

BapTicTh peareHTiB i BUTPaTHHX MaTepiaJiB

Xoya 3arajpHi BHTPaTH Ha KOJIOPHMETPUYHHI
aHalli3 MOXYTh OyTH HW)KYHMH, HIXK Ha 1HIII METOJIH,
BapTiCTh TEBHUX PEArceHTIB 1 BUTPATHUX MaTepiaiB
Mosxe OyTH 3HAa4YyHOIO, OCOOJIMBO SIKLIO MOBa Hjae Mpo
BHUCOKOSIKICHI cTaHzaptu abo cneuudiyHi peakTHBH
Ui CKJIAJHUX aHami3iB. Y pasi BeIMKHX OO0CSTiB
TECTyBaHb II€ MOXE CTaTd CEpHO3HOI0 CTATTEI0
BUTpAT, fiKa MOTpedye yBarm 3 OOKYy KepiBHHUIITBA
nabopaTopiil.

Y 1930-x pokax OyB po3poOieHHi mnepui
CJIEKTPOHHUH KOJOPUMETp, SKUH CTaB CIIPaBXKHIM
mpopuBoM y wii ramysi. Lleit npunan mo3BossiB OLIbII
TOYHO BUMIPIOBATH IHTEHCHBHICTb MOTJIMHAHHS CBITIA i
MPOBOAMTH AaHANI3 Yy aBTOMAaTHYHOMY pEXHMi, IO
3HAYHO IT1IBUIIMIIO TOYHICTb 1 3pYYHICTh JOCIIIKEHb.

CydacHuii ~ eram  pPO3BHTKY  KOJIOpHUMETpil
XapaKTepHU3yeThCS  IOSIBOIO KOMITIOTepHUX ~ Ta
MOPTATUBHUX KOJIOPUMETPIB, sKi 37aTHI 30epiraTé JaHi,
aHaNi3yBaTH IX Yy pealbHOMY 4Yaci Ta IHTErpyBaTd 3
71abopaTopHUMH crcTeMaMy. ChOTOHINIHI KOJOPHMETPH
MaloThb BHCOKY TOYHICTH, IIOPTATHBHICTH i JOCTYIHICTb,
II0 J[O3BOJSIE BHKOPHCTOBYBAaTHM iX He JMme Yy
Crieniai3oBaHuX JabopaTopisix, aje W y MOJbOBUX
YMOBax Ta HaBiTh BIOMA.

OnHuM 3 BapiaHTIB peaizallii KOJIOPHUMETPUUHOTO
METOLYy KOHTPONIO Oi0JIOTIYHHX PEYOBHH HPEACTABIIIE
c0o0010 TIprIIaJl, OCHOBHOIO YaCTHHOIO SIKOTO € I(pPOBHH
narauk (puc.2) [8].

Cxema 1H(pPOBOrO  JAaTIMKA  BHMIPIOBaHHSI
napameTpiB OIOJIOTIYHUX PEYOBUH (HATPUKIAA KPOBI)
ckianaeTbes 3 cpimnonmionis HL1 — HL4 (puc.2 — 1),
TpbOX CBiTIOQUIBTPIB (R, G, B) (puc.2 —2), horonionis
VD1 — VD4 (puc.2 — 3), HOpMyBaJIbHUX MiJICHIIIOBaYiB
(puc.2 — 4), ALII (puc.2 — 5), perictpa crany (puc.2 —
6), mikpocxemu inTepdeiicy RS-485 (puc.2 — 7), kaHamy
nepenadi nanux 10 EOM (nmepcoHanbHHI KOMIT'IOTEp,
MIKPOKOHTpOJIEPHUH npucTpii Tompo) (puc.2 — 8).
Ceitnogiomu HL1 — HL4, dotomiomu VD1 — VD4 ta
ONTUYHE CEPEJOBHUIIE, III0 BUMIPIOETHCS, MOBHHHI
PO3TAIIOBYBATHCS B IUIOIIMHAX, CTPOTO IapajelbHUX
OJlHA OJIHIN, IO 3a0e3Me4nTh BIJICYTHICTH MOXUOKH Ta
napasuTHi Bign3epkaneHHs nopepxHi. inetpu RGB He
MOBUHHI NEPEKPUBATH CBITJIIOBHH MOTIK, LIO Majae Ha
doromionn s 3anobiraHHs HETOYHOCTI B poOOTI
JaT4uKa. PexomeHnyeTbCst BHUKOPUCTOBYBATH
ceitnmogionn HL1 — HL4 6inoro Komeopy 3
temmnepaTtyporo 5600 K.

Jnsg  BUKITIOUCHHS NOXHOKH, Yy  BHUIAIKY
BUMIpIOBAaHHS ~ 3a0apBICHOTO  CBITJIOBOIO  IOTOKY,
PO3paxyHOK HOro iHTEHCHBHOCTI Oyje IPOBOJHTHCS IO
emmipuyHii Gpopmyii

Y=0,2125-R+0,7154-G+0,0721-B, 2)
ne 0,2125 — emmnipuyHuii KoedilieHT IJIi YEpBOHOIO
konbopy (R); 0,7154 — emmipuunuii koe(illieHT s
3eneHoro konsopy (G); 0,0721 — emnipuunuii KoediieHT
Uit OJTAKUTHOTO KOJBOpY (B).

IlepeBara  3ampoONOHOBAHOTO  NPUCTPOID Y
MOpIBHAHHI 3 ICHYIOYMMM IIOJra€ B  PO3LIMPEHHI
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KOJIOPUMETPisi Ma€ CBOI HEMOJNIKH, TaKi K YyTJIUBICTh
5 - aHanozo-yughposi nepemeopiosasi M Auﬂ2‘ AUN3| ‘Aum‘ 0 30BHIIIHIX (haKToOpiB, moTpeba B pEryJsipHOMY
i i | KaniOpyBaHHI Ta oOMexxeHa cneuudiunicts. Ili

-5y “

7 ".]_.f

‘ 6 - pezicmp OOMEKEeHHS ~ MOXYTb  BIUIMHYTH  Ha  TOYHICTb
T pe3ynpTaTiB i, BIAMOBIAHO, HA SKICTh MEIUYHUX
7 - MC inmepcbeiicy RS485 BUCHOBKIB. ToMy BaximBo, 100 sadopaTopii
8 - kaman nepedavi damin | BUKOPHCTOBYBATTH  KOJIODHMETPIIO B MOEHAHHI 3
4 IHIIMMHM METOJaMHU aHalli3y, TAKUMH SIK XpoMmartorpadis
Jlo EOM 200 iIMyHOAHAJITUYHI TECTH, JJIs1 JOCATHEHHS HAOIIbII
) HaJIIHHUX PE3yJIbTATIB.
Puc. 2 — Cxema mudpoBoro gaTurka BUMIPIOBaHHS B winomy, KOJIOpUMETpis TPOOBIKYE

TapamMeTpiB GioNIOTMHIX PEIOBHH po3BMBaTHCA, i HOBi TexHomorii Ta MmiAXOmU 0

aHan13y MOXYTh 3HAUHO miABAIUTH 11 eeKTHBHICT
i TOYHICTb. IMoganpmui JOCITi [PKCHHS Ta
YIOCKOHAJCHHS METOMIB KOJOPUMETPIii OOIISIIOTH
PO3IIMPHATH MOXJIHMBOCTI IBOTO METOXY, poOIsTYn
foro me OigblI KOPUCHUM y MEIHYHHX I HayKOBHX
cpepax. 3aranoMm, KOJOPUMETPi €  LIHHUM

3. BucHoBok IHCTPYMEHTOM, KU, npu MPaBHUILHOMY

KonopumeTpis € BaxIMBUM iHCTPYMEHTOM B  BHKOPHCTaHHI Ta OOEPEKHOCTi, MOXe 3a06e3MeuuTH
MeJMYHIH  [iarHOCTHII,  HaJalou¥  MOXIJIMBICTH  Ba)kJIMBi JaHi JJI8 NiATPUMKH AiarHOCTHYHUX pillleHb
IBUAKO, TOYHO Ta CKOHOMIYHO BU3HAYaATU i MOKpAaICHH OXOPOHH 3g0p03';[,

(GYHKIIOHAIBHUX MOXKJIMBOCTEH 1IM(POBOroO AaT4nKa 3a
paxyHOK noiaBaHHS (YHKIii BHMIPIOBaHHS CTYICHS
MPOHUKHOCTI ~ ONTHYHHUX  CEpPEIOBHUIN  (MaTepialiB)
CBITIIOM.
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Research on the possibilities of using colorimetry in medicine
Yu.Ye. Khoroshailo, LK. Sezonova, O.V. Degtiarov, M.V. Korbetskyy, P.M. Biletskyy

Abstract

Studies of the possibility of using colorimetry in medicine aim to use modern methods and devices for diagnosing the
concentration of substances in natural solutions. Colorimetry as a method of measuring the concentration of substances is based
on the ability of solutions of certain substances to change color at different concentrations. The method allows quantitatively
determining the concentration of a substance based on the color intensity recorded by a device - a colorimeter. The basic
principles of colorimetry include spectrophotometry, application of the Bouguer-Lambert-Beer law, calibration of the device,
selection of wavelength, assessment of light absorption and comparison with standards. The paper presents the main aspects and
principles of colorimetric analysis, which are important for obtaining accurate results.

Keywords: colorimetry, substance concentration, electronic colorimeter, laboratory research
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JTOCJLIKEHHS IPUJIAJOBOI'O 3ABE3IIEYEHHS OIIIHIOBAHHSA
SIKOCTI EJIEKTPUUYHOI EHEPTI Ti

O.C. Kpunnupkwii, 5.P. Pubuun

leano-Dpanxiecokuil HayioHANbHUL YHIsepcumem napmu i 2azy, M. léano-Dpankiecvk

AHoTanist

IIpoBeneHo aHai3 MOKA3HUKIB SKOCTI €JIEKTPUYHOI €HEprii, AKi pernaMeHTOBaHi €BPONEHChKHMH 1 HAalllOHAJIbHUMH CTaH-
naptaMu Ykpainu. JlociipkeHo GpakTopH, siKi BIUIMBAIOTh Ha SIKICTh IEKTPUYHOT eHeprii. Po3risHyTi npunaau, siki JO3BOJSIIOTH
anapaTrypHO OLIIHIOBATH SIKICTh €JIEKTPUYHOI eHeprii Ta iX 0COOIMBOCTI KOHCTPYKTUBHOTO BUKOHAHHSI.

KurouoBi c10Ba: SKiCTh eJIEKTPUYHOI €Heprii, 3aco0M BUMipIOBaIBHOI TEXHIKU, 3aKOHOJIaBUE PETY/IIOBAHHSA, CTAHAAPTH 3

SIKOCTI €JIEKTPUYHOI eHepril.

1. Beryn

SIKiCTh eNeKTpOoeHeprii crana BaKJIMBOIO IpoOIIe-
MOIO JUISl €HEPTeTHYHUX CHUCTEM Ta EJICKTPHYHUX IPH-
cTpoiB. [lana npobiema € TOCUTh aKTyalbHOI Ha JaHWi
Yac, ajie, He3BAKAI0UYHM Ha BEIUKY KUIBKICTh MyOiKallii,
TEPMIH “SKICTh EJEKTPOCHEPTii” Tak i He OyB OCTATOYHO
Bu3HavyeHuH [1]. OqHak Maiike BCi aBTOPH BU3HAIOTH, 1110
e Ba)XJIMBUH aCIIEKT CHCTEM SKHBJICHHS, SIKUH Oe3moce-
PEAHBO BIUIMBAE Ha €(PEKTHBHICTh EKCILTyaTamil eJeKT-
poobnaaHaHHs, Woro Oe3neKy Ta HaaildHicTh. Pi3Hi aBTO-
PH BHKOPHCTOBYIOTH TEPMiH <(GIKICTB €IEKTPOSHEPTii» 3
pi3HUM (DI3UYHUM 3MICTOM, 30KpeMa BiH BHKOPHCTOBY-
€THCS SIK CUHOHIM JI0 HaAiiHOCTI Ta SKOCTI NMOCTa4aHHI.
AHanizyrouu iXHI mparf, MOXHa 3pOOHTH BHCHOBOK, IIIO
SIKICTb €JIEKTPOCHEprii, SK MpaBWJIO, BH3HAYAE SKICTh
Harpyra adbo CTpyMy Ta Moxke OyTH BH3HA4y€Ha i3 BUMi-
PIOBaHHS Ta aHAJi3y HANpPYTH, CHHYCOIZAILHOCTI Gopmu
CUTHAJTy Ta YaCTOTH.

B [2] aBropM poO3minAlOTH IpKepenaa TeHepyBaHHS
CIIOTBOPEHb B MEPEXi Ha TPU KATEropii: Maji Ta mepen-
OauyBaHi (Hanpukian, mMoOyTOBI CIIOKHMBadi, IO TeHe-
PYIOTb TapMOHIKH), BEJIMKI Ta BHIIQJKOBI (HAIPUKIAL,
CIIOYKHBAYi, 10 CTBOPIOIOTH KOJMBAHHS HAIPYTH) Ta Be-
JUKI nepenOadyBaHi (HapPHUKIAJ, BUCOKONOTYXKHI CHO-
JKMBaui, TaKi sIK IPOMHCIIOBI TiNPUEMCTBA).

Ciig TakoX 3ayBaXKHTH, IO 33 CTATHCTHKOIO II0-
Hax 60% mpobieM 3 AKICTIO eNEeKTPOeHeprii cripu4yuHe-
Hi IPUPOAHMMH Ta HelepemaOadyBaHMMH HOMISIMH, Ha-
NPUKJIAJ, [ie TONINPEHHs TPO30BUX IIEPEHANPYT, TeoMa-
THITHO IHJYKOBaHI CTpyMH IIOB’S3aHI 13 COHSYHUMH
crianaxamu [3].

Takoxk € MOXJIUBI JUKepena, sIKi BIUIMBAIOTh HA SIK-
iCTb eNeKTpoeHepril, Ha eTani ii TeHepyBaHHs Ha EJIeKT-
POCTaHILIsNX, HA €Tami PO3MOJLTY 1 TPAHCIIOPTYBAaHHS /IO
KiHIIeBOro cnioxuBava. Cepesl HUX MOXKHA BHJUTUTH HA
PI3HUX eTamax TakKi MPUYUHU 3HIKCHHS SIKOCTI eJIeKTpH-
YHOT eHepril.

Ha eramni renepyBanns. HesBaxkatrouu Ha Te, 110 CH-
HXPOHHI T€HEpaTOpH IeHEepYIOTh Maibke ineaylbHi CHHY-
coifanpHi Hampyrd (BMICT TapMOHIK CKJIaJae MEHIIe
3%), icHyroTh poGJIEMH, TIOB’sI3aHi 3 IXHIM TEeXHIYHHM
00CITyrOByBaHHSAM 1 IHIIMMH TOJSIMH, SIKi TPU3BOASATH
IO BUMYILICHUX BiIKIFOUCHD CTI0KHUBAYiB.

Ha erami nepenmaui. Ilim wac mepenadi THIIOBUMH
npobaemMamMH €: CTPHOOK HANpyrH (3a yMOB CHJIIBHOTO BiT-
PY, IO IPU3BOIUTE JI0 NepeOoiB y IocTayaHHi abo BUIaa-
KOBHIX KOJIMBaHb HAIPYTH), OJIMCKaBKa, 10 IPU3BOIUTE JI0
PI3KHX CTpUOKIB, POOIH ENEKTPUYHUX 130JIITOPIB, MPOBa-
JIM HanpyTHl 4epe3 HECHPaBHOCTI, IIePeXiHi epeHaIpyTH,
CNIPUYUHEH] PI3KOI0 3MIHOK HaBAHTAXKCHHS E€MHICHOTO
abo IHIYKTHBHOTO XapakTepy, HENpaBIWIbHA POOOTA IPH-
CTpOiB aBTOMAaTUYHOTO PETYJIIOBAaHHS HAIPYTH, IO MOXE
TIPU3BECTH JI0 TPHBAJIUX KOJIMBAHb HAIIPYTH.

Ha erani posnmoginy. TunoBumu mnpoGuemamu, siKi
BUHUKAIOTh y CHCTEMax PO3MOJLIY, € IPOBAIH, CTPUOKH
Ta TepepHUBaHHs HANpPYIH, HEepeXilHi NepeHanpyry, He-
npaBuJIbHA poOOTa IPUCTPOIB PETYIIIOBAHHS HAIIPYTH.

Kinnesnii Crio’kuBay TakoK MO>KE BILJIMBATH Ha SIK-
iCTh €NeKTPUYHOI SHEepTil B Cy4acHHX E€HEeprocucreMax.
Jlesiki 3 HUX MOXYTb OYTH TaKUMH: TapMOHIKH, SIKi CTBO-
peHi HeNHIHHUMHY HABaHTAKCHHSMH, TAKUMHU SIK [IPUBO-
I 3 PEryJbOBAHOI IIBUIKICTIO, JpKepena Oe3nepeoiii-
HOTO KUBJICHHS, JIA3€PHI MPUHTEPH, KOMIT IOTEPH; KOJIH-
BAaHHS YacTOTH, KOJII BHKOPHCTOBYIOTHCS BTOPHHHI Ta
pe3epBHI JuKepena KUBJICHHS, TaKi SIK JU3eNbHI reHepa-
TOpY; HEpaBHJIbHE 3aCTOCYBaHHS TEXHOJIOriH abo mpa-
BHJI TIPOKJIaJaHHS €JIEKTPOIPOBOJIKH.

MeTtow po0OTH € BHBYCHHS mapaMeTpiB i ¢akro-
piB, SIKi BIUIMBAIOTh HA SKICTb EJIEKTPUYHOI €Heprii Ta
JOCIIKEHHST IPHIAIB Ul eKCHEPUMEHTAaIbHOTO OLli-
HIOBaHHSI SIKOCTI €JIEKTPHIHOT €Hepril.

2. BukJjiax 0CHOBHOT0 MaTepiaay

IMpu KOCTIDKEHHI SIKOCTI eeKTPUYHOT SHEepril BH/Ii-
JSIOTh «CTAlIOHAPHI» Ta «HECTaliOHapHD» siBUIa. Y Je-
SKUX HOPMATUBHHUX JoKyMeHTax (Hampuknaj, IEEE-519)
BHUKOPHCTOBYIOTH (JOPMY XBHII (TPUBATICTH 1 aMILTITY.y)
Juist Kinacudikauii npoOeM sIKOCTi eJIeKTpoeHeprii.

IIle omHuM i3 ¢akTopiB, KUl MOKE BIUIMBATH Ha
SIKICTh €JICKTPUYHOT €HEPTil € BUM MEPEXiHUX MPOLIECIB
B E€HEeprocucremi, T00To HebakaHi YU KOPOTKOYACHI IMO-
Jif, AKi BUKTHKAIOTh CTIOTBOPEHHS B MEPEXi. IX Xapakre-
pUCTUKH Ta (HOPMH CHTHAJNIB 3aJieXkaTh Bill MEXaHI3My
YTBOPEHHS Ta NapaMeTpiB MEPExi.

IMepexiani mpoilecu MOKHa Kiacu(ikyBaTH 3a 0Oa-
raTbMa XapaKkTepHHIMH KOMIIOHEHTAMH, TAKUMH SIK aMII-

© O.C. Kpunnupkuii, b5.P. Pubunn, 2024
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JiTya, TPUBATICTh, YAaC HAPOCTAHHS, aMILTITy/IHa CIIEKT-
pajbHA MIUIBHICTH 1 YacToTa BUHHMKHEHHs. [lepeximHi
MpoLiecH 3a3BUYail KIacu(ikyroTh Ha JBI KaTeropii, iM-
IYJIBCHI Ta KOJIMBAJIbHI [4].

Ille oguuM i3 akTopiB, IO MOXKE BIUIMBATH HA SIK-
ICTb EJNEKTPUYHOI €Heprii € KOPOTKOYACHI KOJMBAHHS
Harpyry. 3rigHo i3 crannaprom IEEE-1159 Buninsrorscs
HACTYIHI TEPMIHH: «IIPOBaJ HAIPYTW» Ta «KOPOTKE IIe-
pepuBaHHs». [lepepuBaHHS TPAIUIIEThCS TOII, KOJIH Ha-
TpyTa >KUBJIEHHS (200 CTpyM HAaBaHTAXECHHS) 3MEHIITY-
€THCSI 10 3HAYEHHS, SIKE € MEHILE HIKHBOI MEXi poOOTH
MpOTAroM MeHIe Hixk | XBuiauHH. Pi3HHIS MiX TpHBa-
11010 (200 CTIHKOK) MEPEePBOO Ta MEPEPHUBAHHAM € B TO-
My, L0 B HEpLIOMY BHIAJIKy IOAA4a BiJHOBIIOETHCS
BpyuHy, a MijJ 4ac APYroro — aBTOMAaTH4YHO. 3a3BHYai,
MepepuBaHHs BUMIpIOEThCsl #oro TpuBaiictio [5]. Ha-
MIPUKJIAI, 3TiIHO 3 €BponeichkuM cTanaaprom EN-50160
ICHYIOTB Taki Horo pisHOBUaH [6]: KOpOoTKa nepepsa 1o 3
XBWJIMH, TPHBaJIa IEpPepBa, sika NePEeBULLYE 3 XBUIMHU.

Ha ocHoBi cranmapty IEEE-1250 mnepepuBaHHs
KIacH(IiKyIOThCs TaK: MUTTEBE, sIKE CTAHOBUTH Bij 0,5 10
30 MKIIiB; KOPOTKOYACHE CTAHOBUTH Bif 30 IUKIIB 10 2
CEeKyHJI; TUMYacOoBa IepepBa CTAaHOBUTH BiJ 2 CEKyHH IO
2 XBWJIMH; TpHBaJia IepepBa TpUBaE Oibilie 2 XBUIIHH.

B Vkpaini nutaHHs SKOCTI €NeKTpUYHOI eHeprii pe-
I'YJIOIOTBCS CTaHAAPTaMU Ta HOPMAaTHBHMMM akTamu. Ha-
npuknan, crangapt JJCTY EN 50160 [6] BuzHauae BUMoO-
T'U JIO SIKOCTi €IEeKTPUYHOI eHeprii B eNeKTPUYHUX Mepe-
’Kax 3arajlbHOr0 KOPHCTYBaHHS Ta BCTAHOBIIOE JIOIYCTHMI
MEXI1 JUISl TAKMX XapaKTepPHCTHK, K Harmpyra Ta ii KOJu-
BaHHSI, YaCOBI KOJIMBAHHS YaCTOTH, FAPMOHIKH, IXHI piBHI
Ta iHun napamerpu. Hopmarupuuii nokymenr COY HEK
03.120.4-14:2021 [7] pery:to€ IUTAHHS SIKOCTI €IEKTPUY-
HOI eHeprii B YkpaiHi. BiH MiCTUTH BUMOTH 10 €IEKTpUY-
HHX MEpeK, 10 3a0e3MeUyIoTh eIeKTPHIHY SHEPIilo CIIo-
KMBa4aM, a TAKOXK KPUTEPIT ULl KOHTPOJIIO 3a SKICTIO ToC-
tayaHHs enekrpuyHoi eweprii. Cranmapr JCTY IEC
61000 [8] BimoOpaxxac METOAM BUMIPIOBaHHS, JOIyCTHMI
MEXI Ta BIUTHB FAPMOHIK Ha SKICTh €IEKTPUYHOT CHEpTii.

Jlaji KOpOTKO pO3IIISIHEMO TOKa3HUKH SIKOCTI eJIeK-
TPUYHOI eHeprii, siki BijoOpakeHi sk B €BpONEHCHKUX,
TaK i B YKpalHChbKHX CTaHJapTax.

Iposanu (npocioanns) Hanpyeu. Tlpocimanus — ue
KOPOTKOYACHI 3HIKEHHSI 3HAU€Hb CepeJHbOKBAAPATUIHOT
Hanpyru. Hemae 4iTkoro BM3Ha4YeHHS TPMBAJIOCTI IPOCi-
JIaHH, ajie 3a3BMYail BOHO TpuBae a0 1 xBuimHU. [Ipoci-
JIAHHS HAIIPYTH, 3a3BUYal, BUHUKAE 3 TAKUX NPHYMH:

* [iIK/TIOYEHHS TIOTY)KHUX HaBaHTaXXCHb,

* OZIMHOYHE 3aMHUKaHHS (a3 Ha 3eMIIIO,

* IepEeMUKAHHS HABAaHTA)KEHHSL.

KoxeH i3 IMX BHIIAJKiB MOXKE BUKIHMKATH IIPOCi-
JIaHHS 3 TIEBHOIO XapaKTEPUCTHKOIO 3a BEIIMYMHOIO Ta
TpuBaictTio. [y 3anmo0iraHHs JaHUX HETaTUBHUX SIBHIIL
B OCHOBHOMY BHKOPHCTOBYIOThCS IpKepena Gesnepebiii-
Horo xuBieHHs (JIBXX) abo crabinizatopu Hanpyru.

Iepenanpyea. 301nbLICHHS BEIMYMHH HANpPYTH Ha
110 - 180% Bix mo4YaTKOBOI (OMOPHOI HAMPYTH) HA3UBA-
€TbCsl epeHarnpyroro. HailOinpi npuitHATHA TPUBAJIICTD
nepeHanpyri craHoButh Bix 0,5 mukiay no 1 XBUIMHH
[9]. IMepenamnpyru 3yCTpiyarOThCs HE TaK 4acTo, SIK MPO-
CilaHHS.

Sk 1y Bunanky npocinanns, JIBXK a6o crabinizato-
PH € TUIIOBUMH PIIICHHSAMH U1l OOMEXEHHS eeKTy Iie-
peHanpyTH.

Hoszompusani 3minu nanpyeu. BianosimHo mo cta-
HaaptiB (IEEE-1159) BinxuieHHs cepeiHbOKBaJpaTHy-
HOTO 3HAUYECHHS HAMpPYTH BiJl HOMIHAIBHOTO OlNbIe, Hik
Ha | XBWIMHY, Ha3UBA€THCS IOBrOTPUBAJIOI 3MiHOIO
Hanpyrd. OCHOBHHMH MPUYMHAMH TPHUBAIMX KOJWBAHb
(3MiH Hampyry) € KOJIMBaHHS HAaBAaHTAXKCHHS Ta MEPEeMU-
kauus cuctemu. IEEE-1159 nmopxinsie i mopii Ha Tpu Ka-
Teropii: TpuBane INepepuBaHHS, 3HIDKEHA Hampyra Ta
nepeHanpyra [5, 6].

TpuBane mnepepuBaHHs € HalcepHO3HIIOW 1 Haii-
OLJIBII TPUBAJIOKO TOJII€r0, MOB’I3aHO0 i3 AKICTIO CJICKT-
PpoeHeprii, iz Jac SKoi Hampyra najae g0 HyJsl 1 aBTOMa-
TUYHO HE MOBEPTAETHCA A0 HOMIHAIBHOTO 3HAYCHHSI.
3riguo i3 BusHaueHHsM [EEE, TpuBaiicts Takoi nepepu
CTaHOBHTH Oibie 3 xBHIMH. KiIbKICTh TaKHX TIEpPEpPB €
Ba)KJIMBOIO XapaKTEPUCTHKOO JUIsl BUMIPIOBaHHS 3/1aTHO-
CTi €HEPrOCUCTEMH HaJaBaTH MOCIYTH CIIOKMBAYaM.

Jucbananc nanpyeu. Slxmo nanpyru tpudasHoi cu-
CTEMH HE OJIHAKOBI 32 BEJMYMHOI a00 pi3HUI (a3 Mix
HUMHU He cTaHoBHTH 120 rpamyciB, BUHHKAE AUCOaTaHC
Hanpyr [5]. OcHOBHUMHY IPHYMHAMH TUCOaNIaHCy HATpy-
I'M B €HEProCHCTeMax € He30aJaHCOBaHE OfHO(a3He Ha-
BaHTAXCHHsI B TpU(a3Hiil cucTemi.

Cnomeopenns ghopmu cuenany. CranioHapHe BiIxu-
JICHHS BiJI CHHYCOINM HAa3UBAEThCS CIOTBOPEHHSM (popMu
curHaity. IcHye I’SiTb OCHOBHHX THIIIB CIIOTBOPEHb CHUTHA-
JIy: 3MIILIEHHS 32 JOTIOMOr0I0 MOCTIHHOTO CTPyMy, rapMo-
HIKH, IHTEprapMOHIKH, CHIOTBOPEHHSI HAIPYTy Ta eJIeKTPHU-
YHUI 1yM. J[JIs TEOPETUYHOTO aHalli3y HECHHYCOINaIbHOT
(opMu cHrHAITY 3a3BHYail BUKOPHCTOBY€EThCS psift Dyp’e.

3miwgenns 3a 0onomozcoro nocmitinoeo cmpymy. Ha-
SBHICTh KOMIIOHEHTa MOCTIHHOTO CTpyMy a00 Halpyru B
CHCTeMi 3MIHHOTO CTPyMY Ha3MBA€ThCs 3MILIEHHSIM 32
JOTIOMOTOIO0 TIOCTiMHOTO CTpyMy. OCHOBHHMH IIPHYMHA-
MU BUHUKHCHHS 3MIIEHHS MOCTIHHOTO CTPYMY B CHCTE-
Max KUBJICHHSI € BUKOPHCTaHHS BHIPSIMILIYIB Ta 1HIIAX
EJIEKTPOHHUX KOMYTALiiHUX MPUCTPOIB, a TAKOX reoMa-
THITHI 30ypeHnHs [7].

OCHOBHUMM WIKIJIMBUMM HACJIIKaMM Bij HasiBHO-
CTi OCTIHHOTO CTPYMy B 3MiHHHX Mepexax €:

* HAaCHYEeHHS OcepAs TpaHchopMaropa,

* TeHepallist TAPHUX FAPMOHIK;

* JIONAaTKOBE HarpiBaHHsA TpaHC(OPMATOPIB, IO
MIPU3BOJMTE 10 3MEHIIEHHS X TepMiHY CIy>KOH, JBHUTY-
HIB 3MiHHOTO CTPyMY Ta €JeKTPOMAarHiTHUX MPHCTPOiB;

* CIICKTPOJIITUYHA €PO3is 3a3EMITIOIOUMX EICKTPOIIB.

Tapmonixu — 1ie CUHYCOIaNbHI HAMpyru abo CTpy-
MH 3 4aCTOTaMH, KPaTHAMH OCHOBHIH 4acTOTi eHeprocuc-
Temu (3a3Buuaii 50 a6o 60 I'm). TlepioxuyHi HecuHycoina-
JIbHI CUTHAJT MOXKYTb OYTH iJiaHi posknany y psg Pyp’e
Ta PO3KJIaJICHI HA CyMy OCHOBHOI CKJIaIOBOI Ta TAPMOHIK.

OCHOBHHMH HETaTUBHUMH BILIMBaMH FAPMOHIK €:

* I JBHILEHHS IIOXHOOK BUMIPIOBaHHS KOHTPOJIBHO-
BUMIpIOBAILHUMH 3ac00aMu;

* JIOJATKOBI BTpaTH B KOHJEHCATOpax, TpaHcdop-
Maropax i 00epTOBHX MallIMHAX;

* IOJJATKOBHIA IIIyM BiJl IIBUTYHIB Ta iHILIOrO 00Ja/I-
HaHHSL.
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PexomMeH0BaHUMU PiLlIEHHAMH JJI 3MEHILEHHS Ta
KOHTPOJIIO TAPMOHIK € 3aCTOCYBaHHsI NTACUBHHX, a00 aK-
TUBHHUX, 200 TiOpuaHUX QUIBTPIB, a00 CHEIiaTbHUX TPH-
CTpoiB kuBJIeHHS [8].

Cnomeopennsi Hanpyeu. IlepioguuHe 3pocCTaHHS
HaIpyTH, BUKIMKaHE MEPEKEBHUMH KOMYTALIHHUMH TH-
PHUCTOPHHMH CXEMaMH, Ha3HBAETHCSl CIIOTBOPEHHSAM Ha-
npyru. Bono BuHuKkae y ¢opmi XBui JiHilHOT Hanpyru
I/l Yac HOPMAJIbHOT POOOTH CHIJIOBUX €JIEKTPOHHHX IIPH-
CTpOIB, KOJM CTPYM INEpeMHKaeTbcs 3 oaHiei ¢asum Ha
iHmry. TIpoTaroM 1pOro mepiogy iCHye KOpPOTKOYacHe
3aMHKaHHS MDXK JBOMa KOMYTYHOUMMH (a3am, 10 3HH-
XKy€ Halpyry B Mepexi, OCKUJIbKH 3HIKCHHS Hampyru
0OMEKY€ETHCSI JIUIIE OTIOPOM CHCTEMH.

CHOTBOpEHHS HANPYTH € IEPIOAWYHUM SIBHILEM 1
MoOXe OyTH OXapakTepu3oBaHE HOro 4aCTOTHHM CIIEKT-
poM. HacToTa LbOro CHEKTPY € JOCUTh BUCOKA. 3a3BUUAM
HEMO>KJIMBO BHMIPATH HOTO 3a JONOMOTO0 0OJIa{HAHHS,
sIKe BUKOPHUCTOBYETHCS JJIsl TapMOHIYHOTO aHanizy. Crio-
TBOPEHHS HAIIPyTH MOKE CTBOPIOBATH JIOJJATKOBE HaBaH-
Ta)XeHHS Ha 130J1LiI0 TpaHc(hOpMaropiB, reHepaTopiB i
YyTIIMBOTO BHMIPIOBAILHOTO OOmamHaHHs. Jleski craH-
nmapt (IEEE-519) BcTaHOBIIOIOTE OOMEXEHHS TSI TPH-
BJIOCTi CIIOTBOPEHHS HATIPyTH [4].

Enexmpuuni nepewxoou. ENeKTpHuHI HepemKonu
BU3HAYAIOTHCS SIK HeOaKaH! eIeKTPHUYHI CHTHAIM 3 M-
POKOCMYTOBHM CHeKTpaibHuM BmicToM Hipkue 200 k'
[8], sxuii HakanaeThcsi Ha Hanpyry abo CTPyM CUCTEMHU
KHMBJIEHHS B (Da3HHX MpPOBIJHUKAX ab0 HEHUTpaNbHHX
MPOBIJIHUKAX YW CUTHAIBHMX JIiHisAX. Enexrpuuni nepe-
[IKOJIM MOXYTh BHHHKATH BHACHINOK HEMPABHIBHUAX
3’€IHaHb y CHCTeMax Iepenadi abo po3moziny, AyroBHX
mevax, eJIEKTpOoIeyax, CHIOBHX EJIEKTPOHHUX HPHCTPO-
X, CXeMax KepyBaHHs, 3BapIOBAILHOMY oO0JaJHaHHI
BHACIIIZIOK HENPABHIIBHOTO 3a3€MJICHHSI IPUBOJIB 3 Pery-
JHOBAHOIO MIBUAKICTIO. [TpoOneMy MOXHa ITOM’SKIIHTH
3a noromoror QigeTpiB ado TpaHcdopmaropi. Eiekt-
PHYHHUI LIyM BIUIMBAE Ha €JIEKTPOHHI MPUCTPOT, Taki SIK
MIKPOKOHTPOJIEPH Ta IPOrpaMOBaHi KOHTPOJIEPH.

Koausanns nanpyeu — ue cucteMaTH4Hi Bapiamjii
Hanpyrd abo BUIAAKOBI 11 3MiHHM, BETMYNHA SIKHX, 3a3BH-
Yaif, He MepeBHUIIlye BCTAHOBJICHUX Jiarna3oHIB HAINpPYTH,
kotpi BuszHadeHo y JICTY EN 50160 [6]. KonuBanus
HAIpyTH HOAUISIOTHCS Ha JIBI KATEropii:

* CTyIICHEBI 3MiHH HaNPYTH, PEryJsIpHi abo Hepery-
JISIpHI B Yaci;

* IMKJIIYHI a00 BHUMAIKOBI 3MIHU HANpyTd, BUKJIH-
KaHi 3MiHAMH HaBaHTAXKEHHSL.

KosmBaHHSI HAPYTH TOTIPUIYIOTh MPOAYKTHBHICTH
pobotu oOyamHaHHA Ta CHPUYMHSIIOTH HECTAOLIBHICTH
BHYTpIIIHIX HAMpPYT i CTPYMIB €JNIEKTPUYHOTO 00N HAH-
Hi. OnHak KonuBaHHA Hanpyru meHue 10% He BMBae
Ha eJIEKTpUYHE 00JIaTHAHHS.

@rikep ONUCYETHCS K «HETIEPBHI Ta MIBHAKI 3MiHH
BEJIMYMHU CTPYMY HaBaHTA)XCHHS, IO BUKIHKAIOTb 3Mi-
HU Hanpyru». Tepmin “diikep” NOXOAWTH BiJ BIUIMBY
KOJIMBAaHb HATIPYTH Ha JTAMITH TAKUM YHHOM, IO JTIOACHKE
OKO crpuiiMae X MepextiHHs. [IpuunHOrO mosiBu (iiixe-
pa € 3MiHa 4acTOTH XUBJICHHS, TOOTO BIAXHMJIEHHS OCHO-
BHOI 4aCTOTH €HEPrOCUCTEMH BiJl 3aJ]aHOT0 HOMiHAJIBHO-
ro 3Ha4yeHHs (Hanpukian, 50 a6o 60 I'm) [10]. Sxmo Oa-

JIAHC MDK IeHepawi€lo Ta MOMUTOM (HaBAaHTa)KCHHSIM) He
MiATPUMY€ETHCS, YaCTOTa €HEProcUcTeMu OyJne BiIXuiis-
THCSI Yepe3 3MiHM HIBUIKOCTI 00EpTaHHS eleKTpoMeXa-
HIYHHX TeHepaTopiB. BenuduHa BinxuneHHs Ta 1l TpuBa-
JICTh 3aJieXaTh BiJ] XapaKTEPUCTHK HABAHTAXKCHHSA Ta
peaxuii CHCTeMHU KepyBaHHS I'eHepaliclo Ha 3MiHHM HaBa-
HTaXeHHs . HecnpaBHOCTI cHCTeMH Hepeiadi eleKTpoe-
Hepril TaK0XX MOXKYTb CIIPHYUHHUTH KOJIMBAHHS YaCTOTH.

3. OdnagHaHHA 151 BUMIPIOBAHHS MO-
KA3HUKIB IKOCTi eJIeKTpoeHeprii

HesBaxkarouu Ha Te, 1m0 Oy po3pobIieHi iHCTpy-
MEHTH, IKi BUMIPIOIOTh HIMPOKHI CIEKTP MOKA3HHKIB,
II0B’sI3aHMX 13 SIKICTIO, MOKHAa BUKOPHUCTOBYBATH KiJlbKa
pi3HUX IHCTPYMEHTIB 3alie’)KHO BiI JOCIIIKYyBaHOTO
sBUIIa. Jlo OCHOBHHX KaTeropii mpmiaiiB, sSKi MOXKYTb
OyTH 3aCTOCOBaHi, HaJleXaTh: BHMIpIOBadi IapaMeTpiB
3a3eMJICHHS, MYJIbTUMETPH, ocumiorpadu, aHanizaTopu
3aBajl, aHAJII3aTOPU TapMOHIK 1 aHaJ3aToOpu CHEKTpY,
KOMOIHOBaHI aHaJi3aToOpU MEPELIKo/l i TrapMOHIK, BUMi-
proBaui Quiikepy.

Ocyunoepagu. Ocupnorpad € LiHHUM IiJ] 4Yac BUKO-
HaHHS TECTIB y peaibHOMy daci. [lepermsin hopm curnainis
HAIpyTH Ta CTPyMy MOXKe HajaTu Oarato iHdopmaii mpo
Te, IO BifOYBAEThCS, HABITH 0€3 BUKOHAHHS JIETaJIHHOTO
TapMOHIYHOT'O aHali3y CHrHajIiB. MOYKHa OTpUMATH BEJIH-
YUHU HAIpyr i CTPyMIB, LIYKAaTH OYEBHHI CIIOTBOPEHHS
Ta BUSABHUTH Oy/Ib-sIKi 3HAYHI 3MiHH B CHTHAJIAX.

Ananizamopu 3asao. AHai3aTopu 3aBaji YTBOPIO-
IOTh KaTeropiro NpHiIajiB, siKi Oyau po3poOlieHi creria-
JBHO U1 BUMIPIOBaHHS IapaMeTpy, KU XapaKTepu3ye
SIKICTh €JIEKTpOCHeprii. 3a3Buuaii, BOHH MOXYTh BHMi-
pIOBaTH INMPOKHI CIIEKTP 3aBaj Bil Iy)e KOpOTKOodac-
HHUX [0 JIOBrOTPHBaIHMX. MO’KHAa BCTAQHOBHUTH IIOPOTOBI
3HAUCHHS T4 3aJMIIUTH TpHiaf, o0 BiH QikcyBaB mo-
PYLIEHHS IPOTATOM IIEBHOTO NIEPiOfy dacy.

B ocHOBHOMY iCHYIOTH /Bi KaTeropii Takux HpH-
CTpOIB.

1. 3BuuaiiHi aHaii3aTopu, SKi MiJICYMOBYIOTH Bi-
XWICHHSI TapaMeTpiB 3 KOHKPETHOI iH(popMali€o, Ha-
MPHUKJIIA, TAKOIO SIK BETMIMHU IEPEHANPYTH Ta 3HIKEHOT
HAINpyTH, BEJIMYMHA 1 TPUBAIICTh MPOCIJaHHSI Ta CTPUO-
KiB HAIpyTH, BEJIMYNHA 1 TPUBAJTICTh MEPEXiTHUX IPOLe-
CiB TOILIO.

2. I'padiuni ananizaropu, siki 30epiratoTh i JpyKy-
0Th QaKkTHYHY (POpPMY CHTHAILy pPa3oM i3 OMHCOBOKO iH-
¢dopmartiero. YacTo BaKKO BM3HAYHUTH XapaKTEPUCTHKU
MepexiTHOro MPOoLeCy Ha OCHOBI iH(pOpMallii, JOCTYMHOT
3 TpaAuLIKHKUX aHajdi3aTopiB. ToMy JUIsl IEeTAIbHOTO aHa-
T3y mpoOJieMu 3 SIKICTIO eeKTpOeHeprii Maiike HeoOXi-
JTHO MaTH 3JIaTHICTh PikCyBaTH GOpMY XBHIII 3aBaIU.

Amnanizamopu cnexmpy ma ananizamopu 2apMOHIK.
IcHyFOTh, B OCHOBHOMY, TpHU KaTeropii 3aco0iB It aHai-
3y FapMOHIK.

1. TIpocti BUMiproBadi JJIsi IIBUAKOT MEPEBIPKU PiB-
HIB rapMOHIK y POOJIEMHOMY MicLii.

2. AHamizaTtopu CHEKTpYy 3arajibHOTO NpU3HAYEH-
HS, SIKI 32CTOCOBYIOTBCS [UISl aHAJI3Y CHEKTPY CHUTHAJIIB.
Ilepesara nux 3aco0iB MmoJjsirae B TOMY, 1110 BOHU MalOTh
Jy’Ke HOTYKHI MOXJIMBOCTI AJIsl aHali3y curHaiiB. He-
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JIOJIKOM € Te, 110 BOHU HE PO3pO0JIeHi CrielianbHO s
JMUCKpeTU3allii XBUJIl MPOMHUCIOBOI YacTOTH 1, OTXKeE,
MIOBHHHI BUKOPHCTOBYBATHCSI 00EpeXHO, 00 3abe3me-
YUTH TOYHUI FapMOHIUYHHI aHaI3.

3. AHajiizaTopu rapMoHIK CHeliajJbHOro IMpHU3Ha-
YeHHSI, sIKi Oyl po3po0IIeHi CIieliaibHO JUIsi rapMOHIiY-
HOTO aHali3y B eHeprocucremax. [IpuHImn ix pobotn
I'PYHTY€TbCS Ha IIBUIKOMY neperBopenHi Pyp’e 3 yac-
TOTAaMH JAMCKPETH3allii, CrieliaJbHO PO3POOICHUMHU ISt
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BU3HAYCHHS TapMOHIMHUX KOMIIOHEHTIB Y CHrHayax
MOTYKHOCTI

BigoMuMm BUpOOHHKOM 3ac0o0iB AJiss BUMIpIOBaH-
HSl MMOKA3HMKIB AKOCTI €JeKTPUYHOI eHeprii € komMmna-
Higa Fluke. Cepen nux 3aco0iB MoxxHa Buninutu 430
cepito, 30kpema Fluke 435 (puc.l). [dana cepis 1o-
3BOJIsIE Y (opMaTi peanbHOTro 4Yacy BiACIHiJKOBYBATH
CTaH i mapameTpu Tpu(pasHUX MEPeX 3 BUCOKOI TOY-
nictio [11].
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B) €KpaH BiJICTE)XEHHS TAPMOHIK.
Pucynok 1 — Ananizarop sikocti enepronocradanns Fluke 435 [11]

Kombinosani ananizamopu 3agao i capmonix. Cy-
YacHI HAalHOBIIII 3aCO0U MOEAHYIOTh (YHKIIIT JHUCKPETH-
3aIii rapMOHIK 1 MOHITOPHHTY €Heprii 3 (YHKIISIMH MOB-
HOTO MOHITOPUHIY 3aBaj. BuxinHi nani 0a3yloTbcsi Ha
rpadiuHOMY BUIIISAL, SIKI TUCTAHLIMHO 30UpAIOTHCS B
LEeHTpabHy 0a3y maHux. [Ticis 1bOro MOXHA BUKOHATH
CTaTHCTHYHUN aHami3 AaHuX. OIUH i3 MPUKIAIIB TAKOTO
3aco0y Bin ¢ipmu Dranetz € Dranetz PowerVisa. Ileit
3aci0 mpu3HaueHUil U BUKOPUCTAHHS SK y IPOMHUCIIO-
BOCTI, TaK 1 JUI KOHKPETHOTO CHOKMBaya. Bin oxHOYac-
HO KOHTPOJTIOE TprdasHi HAPYTH Ta CTPYMH (IUTIOC Heil-
Tpasi), WO JAy’e BaXJIMBO VIS JIarHOCTUKH MpoOiieM 3
sKicTio enexkrpoeneprii. Ilpunan 30upae HeoOpoOieHi
IaHi Ta 30epirae iX y BHYTpIlIHINA mam’siTi AJst Biajgase-
HOT'O 3aBaHTa)keHHs [12].

Bumiprosaui guixepy (mepexminns). IlpoTsirom 6a-
raTtboX pOKiB OyJI0 po3poliieHO 0araTo pisHHX METOJIIB
BUMIprOBaHHsI MepeXxTiHHs. [[i MeToau BapiloIOTHCS Bij
BUKOPHCTAHHS JyXe€ IPOCTHX CepPEeIHbOKBAAPATUIHNX
BUMIPIOBaYiB i3 KaniOpyBaHHSIM 3a CTaHIAPTHUMH KpH-
BUMH MEPEXTIHHS JI0 CKJIaJHUX BHMIpIOBAYiB, SIKI BUKO-
PHCTOBYIOTH TOYHO HaJIAIITOBaHi (iIBTPH Ta CTATHCTUY-
HUW aHaNi3 JUIs OLIHKK PiBHS MEpEXTiHHS Hanpyru. lc-
HYIOTb CTAaHIApTH, SIKI MICTATH KPUBI MEpPEXTiHHS, KOTpi
BUKOPUCTOBYIOTBCS SIK OPIEHTHPU I OLIIHKU CEpHO3HO-
cTi Qurikepy B enekTpuuHiii cucremi [10].

[IBunke neperBopeHnss Oyp'e € omMHUM i3 METOIIB,
SIKH BUKOPUCTOBYETHCS JUTsl BUMIpIOBaHHS (UTiKepy 1 1mo-
JISITa€ 'y B3ATTI HEOOpoONeHHX 3pa3kiB (akTHyHux (Hopm

CHTHAJIIB HAIIPYTH Ta 3AiiCHIOE nepetBopeHHs Dyp’e Ha
JIEMO/TyJIbOBAHOMY CUTHAJI (TiTbKK CHUrHAN iikepy), o0
BUIIUTHTH Pi3HI YacTOTH B AaHuX. [1oTiM 1i maHi mopis-
HIOIOTBCS 3 KpuBOIO (iikepy. [leit meTosn Okl TouHiIIe
KiJIbKiCHO BU3HAYa€ BUMIpPSIHI JaHi 3aBASKU TOMY, IO Be-
JIMYHMHA T YaCTOTA MEPEXTIHHS BiJIOMI.

Cepen BITOMHX BHMIPIOBaYiB MEPEXTIHHS MOXHA
suninury ILT710 [13]. Bin 103BoJiste poBOANTH BUMIpIO-
BaHHS DI3HMX IapaMeTpiB MEPEXTiHHsA 1 IHTEHCHBHOCTI
OCBITJICHHSI Ta BUBOJJUTH OTPUMaHi JIaHi1 Ha KOMIT F0Tep.

CydacHa NpaKkTHKa MOHITOPUHTY SIKOCTI €NeKTpoe-
Heprii MiCTUTh TaKy MOCJIJOBHICTb OIepaliii: 30ip JaHuX,
MepEeTBOPEHH! X Ha KOPUCHY iH(OpMAIlilo, MOMUPEHHs il
cepesl KoprcTyBauiB. Bci 1ii mporiecu BiOyBaroThCs B ca-
MoMy 3aco0i. TakuM 4uHOM, OyJi0 PO3pOOIICHO HOBE TO-
KOJIIHHSI MOHITOPIB SIKOCTI €JIEKTPOCHEPTii 3 iHTerpoBaHHU-
MU IHTEJICKTYaJIbHUMH CHCTEMaMH, SIKi BiMOBIIAIOTh CY-
yacHUM BiMoraM. [leid Tun 3aco0iB SKOCTI eJIeKTpoeHeprii
€ IHTENEeKTYaJIbHIMH MOHITOPaMH SIKOCTI €JIeKTPOCHETii,
ne iHdopMarlisi CTBOPIOEThCs Ge3nocepeIHO B 3ac00i Ta
0ZIpasy CTa€ JIOCTYITHOIO JUIs KOPUCTYBAUiB.

[MpuknagoM MOXyTh OyTH IHTEICKTYallbHI MOHITO-
PH SIKOCTI €NeKTpOeHepril siki po3po0IsSiOTh KOMIaHil
Electrotek Concepts, Dranetz, Electric Power Research
Institute (EPRI). Bonu 3abe3neuyroTh aHami3 JaHUX Ha
Micli 3i HIIBHAKHM pO3MOBCIO/KEHHAM iH(opmalii 3a
JOTIOMOTOI0 1HTEPHET-TEXHOJIOTiH. BoHU cKilagaroThes 3
KOMIIOHEHTIB 300py 1 00pOoOJeHHsA NaHWX, KOMYyHIKallii,
BeO-Bi3yasi3awii Ta KepyBaHHS.
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4. BUCHOBKH

Po3risHyTO mapaMeTpu SIKOCTI €JIEeKTPUYHOI CHep-
rii, cepes SKUX HAMBaXXJIMBIIIUMU € HAIpyra, TApMOHIKH,
nucOanane ¢as, Guikep. [TokazaHo, 0 MOKA3HUKH SKOC-
Ti YKpaiHM € TapMOHI30BaHMMH 3 IOKa3HUKAMH SKOCTI
€BPOICHCHKOr0 Coro3y. HaBeneHi KOHKpETHI NpUKIaIn
BUMIPIOBAIIEHUX 3aC00iB, SIKi TO3BOJIAIOTH OILIHUTU TaKi
napaMeTpu sIKOCTI EIEKTPUYHOI CHEeprii, Taki SIK aHai3
rapMOHIK, CIIEKTPY 1 3aBaJ] Ta OLIHUTH (IriKep.

BusiBiieHa TeHAEHIIsI NPWIIAIHOTO 3a0e3NeYeHHS
OI[IHIOBAaHHS SKOCTi €JICKTPUYHOI eHeprii, sika cTocy-

Cnucok Jgitepatypu

€TbCS TOTO, LIO0 BUPOOHHMKH €JIEKTPOEHEpril MOeHYy-
IOTh MOHITOPHHI SIKOCTI €JEKTPOCHeprii 3 ympasiiH-
HSIM CHUCTEMaMH IOCTA4aHHS €Heprii, OLiHKOK podoTH
3aXUCHUX MPHUCTPOIB 1 QPYHKI[IAMHU aBTOMATH3AIl pO3-
MOy €JIEKTPOEHeprii i3 3arajlbHUM JOCTYIIOM JI0
Bciel iHdopmarii.

3 BpaxyBaHHsAM 3Ha4YHOI BapTOCTi IMIIOPTHHX ITIPH-
JajiB DOLUIBHUM € PO3poONeHHS Ha HAyKOBHX 3acamax
HOBHX MIAXO/IB JI0 CTBOPEHHS aHAIOTIYHKX 3ac00iB, sKi
Oy O JIEHIeBIIMMH MPU THX caMuX (DYHKI[IOHAIBHHUX
MOXKITUBOCTSIX.
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AHoTanis

Y po6oTi mpoBeACHO NOCHIIKEHHS po0IieM 3a0e3neueHHs SKOCTI MPOAYKIii Ha MiAMPUEMCTBAX Ta BIPOBAHKEHHS CUCTEM
YIpaBIiHHA SKIiCTIO BiAnmoBiaHo 10 crapmaptiB ISO cepii 9000. OcHOBHY yBary NpHIiICHO aHai3y e(eKTUBHOCTI IUX CHCTEM,
30KpeMa BH3HAUCHHIO IIPUYHUH, Yepe3 sKi JesKi MiANPHEMCTBA, He3BAKAIOUHM Ha CepTH(]IKaIlI0 CHCTEM YNPAaBIiHHA SIKICTIO, HE
3MOIJIM JIOCSTTH TOJIIMIICHHS €KOHOMIYHUX IOKa3HMKIB. 3a3HAa4€HO, 10 CTAaHAAPTH MICTUTh BUMOTH ILIOAO OL[HIOBaHHS
Pe3yJITaTUBHOCTI CHCTEM YIPABJIiHHS SIKICTIO, ajle He HaJaloTh KOHKPETHUX METOMIB JJIsi BUMIPIOBAHHSI, 10 YCKJIaJHIOE MTPOLIEC
00'eKTHBHOI OLHKK sKOCTi. J[yisi BHpilIeHHS TPOOJIEMH KiIbKiCHOT OLIHKH €(EeKTUBHOCTI CHUCTEMH YIPABIIHHS SKICTIO
3alpPONOHOBAHO BHKOPHCTaHHS METOMIB KBANIMETpil, sIKi IO3BOJIIOTH MEPETBOPIOBATH OJMHHUYHI ITOKA3HUKH SIKOCTI Y
0e3po3mipHy mkaiy. Lle qae 3Mory OifbIl TOYHO OLIHIOBATH PE3yIbTaTHBHICTH MPOLECiB mianpueMcTB. [IpoBeneHo aetansHUM
aHaJi3 iICHYIOYHX MiAXOIIB JI0 OIHIOBaHHS SKOCTI MPOAYKIIi, i 3p00JICHO BUCHOBOK, IO TaKi MiAXOAW HEAOCTaTHHO €(EKTHBHI
JUISL OIIIHKM CHUCTEM YIIPABJIIHHS, OCKIIBKM BOHM HE BPaxOBYIOTh PI3HOPIAHICTh ITOKA3HUKIB SKOCTI IPOLECIB Ta CHCTEM.
3pobiaeHo kiacudikamito mporeciB CYS Ha Tpu OCHOBHI IpymnH: 00OB'SI3KOBI HpolecH (3rifHO 31 CTaHAAPTOM), NMPOLECH, IO
3a0e3NeuyloTh, Ta MPOLECH JKUTTEBOIO IMKIY Npoxykuil. Jlms KOKHOI 3 IMX TpyN BHIUICHO KIIIOYOBI ITOKa3HUKH
pe3yJIbTaTHBHOCTI Ta e(EeKTUBHOCTI, IO JAOTh 3MOTY OIHIOBATH SIKICTh YNPaBIiHHA OKPEMHMH Iporecamu. Takox
3alpONOHOBAHO BHKOPHCTOBYBaTH (DYHKI[iI0 OakaHOCTi XappiHITOHA SK IHCTPYMEHT AJs iHTerpauii OAMHUYHUX MOKA3HHKIB
SAKOCTI B OJMH y3arajJbHCHUH IOKa3HHUK. lle 103BOJIslE TOYHO OLIHIOBATH SKICTh NpPOLECIB Ta IXHIO BIANOBIIHICTH LUIAM
mignpuemMcTBa. Po3po0ieHo MeTon OLIHKH MPOIECiB CHCTEMH YIPABIIHHSA SKICTIO, SIKA TPYHTYETHCS HA BH3HAYCHHI KIIIOYOBUX
MOKA3HUKIB PE3YJIbTATUBHOCTI Ta €QEKTHBHOCTI sl KOXHOTO TMPOIecy. 3allpOMOHOBAaHO BHKOPHCTOBYBATH CEPEIHE
TeOMEeTPHYHE 3HAYEHHS IIMX MOKa3HMKIB JUIS OTPUMAHHS 3arajbHOi OLIHKH SKOCTI IporeciB. Lle 03BoIsI€ BUIIOMY KEpiBHUIITBY
Ta ayJUTOpaM OTPUMATH OLITBII 00'€KTUBHY OLIHKY (yHKI[IOHYBaHHS CHCTEM YIPABIIHHS SKICTIO Ha MiIPHEMCTBAX.

KorouoBi ci1oBa: kBanmiMeTpist; cucTeMa yIpaBIliHHS SKiCTIO; OL[IHIOBaHHS; IpolecH; QYHKIis OaKaHOCTI.

KIJIbKICHOT ~ OIIIHKM ~ e(eKTHBHOCTI  pO3pOOJICHHS,
¢yHkuionyBanus  ta  ceprudikanii  CYSA  Ha
mignpueMctBax. Y crarmapti JCTY EN ISO 9001:2018
«CucreMu ynpasiiHHA sKicTio. Bumorny, y poszini 8, €
BAMOTH IIOJI0 OI[IHIOBAHHS pE3yJbTAaTUBHOCTI Ta
epextuBHOcTi CVYS, ame HeMae >KOXHHX METOMIB 1

1. Beryn

3abe3neueHHs SIKOCTI mpoaykuii Ta ii mocriitHe
HOJIINIIEHHS € T'OJIOBHOIO YMOBOIO JOCSITH CYTTEBHX
E€KOHOMIYHHUX YCIIiXiB Ha BHYTPIITHROMY i 30BHIITHEOMY
PHHKax B YMOBax JKOpCTKOi KOHKypeHuii. Tomy

OCTaHHIMH pPOKaMH Ha TiANPUEMCTBAX IMOMITHO
aKTUBI3yBaJIacs TUSUTBHICTH 31 CTBOPEHH,
BIIPOBA/DKEHHSI Ta cepTUdikamii cHUCTEeM YHpaBIiHHA
sxictio (CYS) na BignoBimnicte BuMoram ISO cepii
9000. Ctoperns edextuBHOI CY € omHiero 3 ymMOB
M/IBUIIEHHS KOHKYPEHTOCIIPOMOXKHOCTI HIINPUEMCTB
Ta iXHBOI ajanTauii Ha BHYTPIIIHHOMY i 30BHILIHBOMY
pHHKaX.

Opmnak  pocnijpkeHHS  (axiBIiB 1 IpakTHKa
MOKa3yl0Th, 10 HHU3KA IJIPHEMCTB, HE3BaXKAIOUM Ha
IHTEHCHBHY Ppo0OTY 3 po3polieHHs Ta cepTudikaiii
CV 51, He 3MOIJIH JOMOTTHCS HOJIIMIIEHHS EKOHOMIYHUX
nokasHukiB  [1-2]. T['o0BHOIO  TPUYUHOIO, IO
MEPEIIKOHKAE JIOCATHEHHIO BHUCOKMX EKOHOMIYHHX
pe3yNbTaTiB 32 paXyHOK PO3pOOJIEHHS, BIPOBAKCHHS
ta ceprudikanii CY S, € BincyTHICTh HaliiiHOrO MeTOLy

pPEeKOMEHalii 100 IHCTpYMEHTapio. AHAJOri4HO, Y
cranpapti JJCTY ISO 19011:2019 «HacranoBu miono
MIPOBEJCHHS ayAUTIB CHUCTEM YIPABIIHHSI» € BHMOTH
moxno ouinku CVYS, ame Tex BiACYyTHI peKOMeHMAIil
II0J0 METOJIB.

Y  pob6otri [3] MAOCHIIKYIOTBCA MOXKIIHBOCTI
BHUKOPHUCTaHHS METO/IiB KBaJTiMeTpil Ui
MIATBEPXKCHHS BIAMOBIMHOCTI MpOAyKIlii. OCKIIBKH
OJIMHUYHI TIOKA3HWKH 3a3BUYAll MArOTh PIi3HI IIKAJIK Ta
Jiama3oHd OL[IHIOBAaHHS, OJHUM i3 KJIIOYOBUX 3aBJaHb
KBaJTIMETpil € IIepeTBOPEHHS TaKMX IIOKAa3HUKIB Ha
enuHy, Oe3posMipny mkany [4-6]. Lle cnpustume
e(eKTUBHOMY BHKOPHCTaHHIO HasBHOI iH(opMarii mpo
MTOKAa3HUKH SKOCTI Ta ii PO3MIMPEHHIO, IO B PE3yNIbTaTi
T ABUIIIATE TOYHICTE OLIIHIOBaHHS. [MpuHIIIH
CTBOPEHHS KBAJIMETPUYHUX MOJEICH OyiH BUCBITIICHI
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B poborax [7-12]. KeamimerpwuHi MeToam 3aiHLIN
BaXXJIUBY HIIIy B ITPOIECAX OI[iHIOBAaHHA SKOCTi 00’ €KTiB
pizHOi TpupoaW, y TOMy 4YHCHi i Oe3meku mpaii Ha
BupoOHUIITBI [13-16].

[Mix yac aHamizy HayKoOBOi JiTepaTypu 3 METOJIB
OIIIHKK SIKOCTI OO0'€KTIB KBaJiMETpii BHSBICHO, IO
HasiBHI METOJM NEPEBAXKHO OPIEHTOBaHI Ha OLIHKY
SKOCTI TpOAYKWii W TIPYHTYIOTBCS Ha YyCepeTHEeHHI
OKpeMHX  TOKa3HHKIB  SKOCTI  UIS  OTpUMaHHS
KOMILTEKCHOTO a00 iHTerpampHOro inaukaropa [17-20].
OpnHak TakWil MiaXig HE MOXOIUTh JUIS OLIHKHA SKOCTI
iHMAUX OO0'€KTIB KBaJiMeTpii, Takux SK mporecu abo
CHCTEMH, HANPHUKIIAJ, CUCTEMH YIPABIIHHS POLECaMU
abo miampmemcTBamMu B nutomy. lLle migkpeciioe
HEOOXiTHICTh PO3POOKH Ta HAYKOBOTO OOIPYHTYBaHHS

HOBMX  METOJIB  OI[iHKH, sKi O BpaxoByBalu
PI3HODIJHICTh TOKa3HUKIB SKOCTI 00'e€KTIB  pi3HOI
HPUPOJIH.

Metoro crarTri € po3poOuTH OO'€KTMBHUHA Ta
HAJIMHUN KBaJIMETPHYHWA METON OINIHKH CHCTEMH
YIpaBIIiHHA SKICTIO Ha MiIPUEMCTBAX, IO 103BOJIUTH
OIIHATH  PE3yJbTaTUBHICTE Ta eQEKTHUBHICTH Ii
PO3pOOJICHHsT i BIPOBAPKCHHS BUINUM KEpPIBHUIITBOM
Ta ayAUTOpaMH IIif] yac cepTudikarii.

2.  Kuaacudikanis Cvi
NiANpUEMCTBA

npouecis

3aranpHuil mokasHuk omiHku CY S miampuemcTna
(dopmyeTbcst yepe3 OLIHKM ii MpOLECIB, SKI MOXKHA
NOJIUTUTH Ha TpHU rpynu: 1) oOOB'A3KOBI mpouecH; 2)
MPOIIECH, M0 3a0e3MeuyoTh; i 3) MPOIECH >KUTTEBOTO
UKy TPOJTYKIIii.

Jlo nep1ioi rpyIu MporieciB HaJekarTh IPOLECH, SIKi
00O0B'SI3KOBO BHMarae CTaHAapT, HE3aJISKHO BiJl BUY Ta
MacmTaby MiIIpUEMCTBA: YIPABIIHHSA IOKYMEHTAIII€IO,
VOpaBIiHHSA 3alliCaMH, YIPaBIiHHSA HEBiAIOBiTHOIO
MIPOMYKIi€I0, BHYTPIMIHINA ayAnuT, KOPUTYBaJbHI Mii Ta
nonepe/kyBaibHi  fil. Jlo apyroi rpynu  HajexaTb
HPOIIeCH, SIKi 3a0€3MeUyI0Th IPOLECH XKUTTEBOTO LUKITY
NPOAYKIIi:  ynpaBiiHHS — Kajapamu, iH(popMaliiiHe
3a0e3leueHHs, ynpaBliHHSA  IHQPacCTPyKTyporo  Ta
pobounMm cepenoBuiieM, Ta iHmi. Tpers rpyma - ne
poLEecH KHUTTEBOTO LUKJTY: MPOEKTYBaHHS,
KOHCTPYIOBaHHS1, BATOTOBJICHHSI, KOHTPOJIb TOILIO.

3aranbHe KEpiBHHULTBO SIKICTIO JIOCSTAETHCS yepe3
VOpaBIiHHSA TpoleCaMd B OpTraHizamii. YmpaBiiHHSI
MPOLIECOM BKIIFOYAE:

- BH3HAYCHHS IIiJIeH Ta OYiKyBaHUX pE3yINbTATiB
npolecy;

- BHU3HAUCHHS XapaKTEPUCTHK SKOCTI IpoLecy,
BKJIIOYHO 3 KPHUTEPIAMH Pe3yJbTaTUBHOCTI BHKOHAHHS
NPOLIECY, KPHUTEPISIMH Ppe3yJIbTAaTUBHOCTI YHpPaBIiHHS
MPOIIECOM 1 y3arajJbHEHUM MPSIMUM MMOKa3HUKOM SIKOCTI
- e(heKTHBHICTIO TIPOLIECY;

- BU3HAYCHHS PECypCiB, y TOMY YHCII TPYIOBHX,
HEOOXITHUX U1l BAKOHAHHS ITPOLIECY;

- BH3HAYE€HHA METOHIB 1 3aco0iB BHKOHAHHS]
IPOLECY Ta IOCSATHEHHS ITOCTABICHHX LIiJIeH;

BUIUIEH] IS
YIpaBIiHHS

- YOpaBIiHHA pecypcamu, sKi
301HCHEHHS LBOT'O poiecy (B
BKJTIOYA€THCS 1 MOTHBAIIIS IEPCOHATY);

- aHaji3 BXIJIHMX 1 BUXIJHUX JaHHX, YIPABIiHHSI
napameTpamH IpoLecy.

Cucrema YIpaBITiHHS SIKICTEO MOBUHHA
3a0e3Me4YnTH TMOCTIHE TIOJNIMIIEHHS TPOLECIB B
oprasizanii, mo € Bumororo crangapty JCTY EN ISO
9001:2018 (po3min 8). [ns BUKOHAHHS Ii€] BUMOTH
HEOOXiTHO BH3HAYUTH BHMIPIOBaHI MMOKA3HUKHU SKOCTL
npouecy. Jlis  okpemoro mpoiiecy MaroTh OyTH
BHU3HAYCHI i, KpUTepii Ta METOMH, HEOOXimHi st
3a0e3neueHHsT Pe3yabTATUBHOCTI SK Wi dYac HOro
3MiHCHEHHs, TaK 1 miJ] yac ynpasiiHHs HUM. CyKyIHICTb
XapaKTEPUCTUK Pe3yJIbTATUBHOCTI BUKOHAHHSI IPOLIECY,
Pe3yJIbTaTUBHOCTI YIpaBIiHHS IpOIIECOM Ta
e(heKTUBHOCTI MPOLIECY € MOKA3HUKOM SIKOCTi MPOIIECy.
Oco0aMBO 1iKaBUM € O0'€HAHHS B €IUHY CHUCTEMY
TaKAX TEXHOJIOTIH TPOIECHOI0  YIPaBIiHHS, SIK
MEHEIDKMEHT METH, YIPaBIiHHS pPE3yJbTATHBHICTIO Ta
yIpaBiiHHA €(QEKTUBHICTIO — SK MO0 OKPEMHX
MPOIIECiB, TakK i IXHPOI CYKYITHOCTI.

Baaxxaemo IOLIIEHUM
MOKa3HUKH 33 TPhOMA IPyIIaMHu.

[epmia rpyna — mMOKa3HUKA MHTTEBOI OIIHKH
npouecy B peambHomy d4aci f. Iloka3Hukamu
Pe3yJIbTATUBHOCTI BUKOHAHHS IPOLIECY MOXKYTh OyTH,
HAalpHKJIIaJ, TaKi y3arajibHeHl XapaKTepUCTHKH:

KI1(t) — To4HICTH MpoOlleCYy — XapaKTePU3yETHCS
BEJIMYMHOI BIIXWJICHHS MapaMeTpiB MPOAYKIII Ha
BUXOAlI  TMpoIecy Bil  HOMIHAIFHUX  3HAYCHb,
YCTaHOBIICHMX Yy  JOKyMmeHTamii. Jlas  mporecy
JIOKYMEHTOOOITY, HAIPHUKIAJ], TOYHICTh MPOIECY MOXKE

CTPYKTypyBaTH  IIi

XapaKTePHU3yBaTUCS YHCIIOM TIOMHMJIOK i
HEBIAMOBIAHOCTEH Y PO3pPOOICHUX TOKYMEHTAX;
K2(t) — CTa0IIBHICTH potecy -

XapaKTepU3ylOThCsl BEIMYMHOIO PO3KUAY IapaMeTpiB
NPOAYKUii Ha BUXOZl HpOLECy B MEXKax IO JIOIYCKY,
BCTaHOBJICHOTO B JIOKYMEHTAIIIT;

K3(t) — HazmiliHIiCTh NpOLIECY — XapaKTEePU3YETHCS
4acTOTOI 3001B mpouecy, IO MPHU3BOIATH O 3MiHH
XapaKTEepPUCTHK HPOIYKIil, a00 4acoM poOOTH mpolecy
0e3 3001B;

K4(t) - 0e3B1IMOBHICTh nporecy -
XapaKTePHU3YEThCSA 9acoM poOoTH mporecy 6e3 3001B;

K5(t) — mpomyKTHBHICTE Tmporiecy — MOXKE
BUMIPIOBaTUCS 4acOM BHUKOHAHHS 3alUTy CHOXHBaya
nporecy;

K6(t) - TapMOHIHHICTh mporiecy -

XapaKTepU3y€eThCsl IapaMeTpaMu dYepr MHpOIYKTiB Ha
BXO/li 1 BHXOZI NpOIECYy; B SIKOCTI TaKUX IapaMeTpiB
4epr  MOXHa  BHUKOPHCTOBYBATH  CEpPEOHIO 1
MakCHUMallbHy  JIOBKMHY  4epru,  cepeaHiil i
MaKCHMaJIbHHUH Jac nepe0yBaHHS IPOIYKTY B 4ep3i;

K7(t) — kepoBaHICTb MpoIieCcy — XapaKTepU3y€eThCS
BEJIMYMHOIO PEaKIlii IpoIecy Ha KepyroUuuil BIUIHEB,

K8(t) — Oesmeka mpomecy — XapaKTepU3YeTHCS
YacTOTOIO 300iB MPOIIeCy, MO CIIPHYNHIIIN 3aIT0XiSTHHS
IIKOJIX 3TOPOB't0 MPAIliBHUKIB;
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KO9(t) - €proHOMIYHICTh mporecy -
XapaKTepU3y€eThCSI CEPeAHIM YacoM CTOMIIOBAHOCTI
MPaLiBHUKIB i YaC BUKOHAHHS MPOLIECY;

K10(t) - €KOJIOT1YHICTh mporecy -
XapaKTepU3yeThCss 4YacTOTOl 300iB  mporecy, 1o
CHOPUYMHWINA  3allOJISIHHS IIKOAW  HABKOJHMIIHBOMY
CepelOBHIILY.

Kinbkicte mokasuukiB Kn(t) moxe 3miHroBatucs,
3aJIEKHO Bil  BaXJIUBOCTI mpolecy, piBHA
¢dyakmionyBanHs CYS i BU3HA4aeThes Ui KOXKHOTO
KOHKPETHOT'O IPOLIECy OKPEMO.

CrymiHp BIiANOBIAHOCTI ()aKTHYHUX TIOKA3HUKIB
MpoIecy IUIAaHOBUM (YCTAQHOBJICHHM) 3 YpaxyBaHHIM

MOMWIKH MOXe OyTh TmpuifHATA SK  OIiHKa
Pe3yIBTaTUBHOCTI BUKOHAHHS MTPOIIECY.
Hpyra rpyma — TOKa3HHKHA pe3yJIbTaTHBHOCTI

YIIPaBIIiHHS MIPOLIECOM. Y LIOMY BUII3/IKy PO3YMITHMEMO
JIMHAMIYHY XapaKTepPUCTUKY IepeiyeHNX MOKa3HUKIB
Kyevy Tepmoi  rpymu 3 ypaxyBaHHAM  4acy
(hyHKIIOHYBaHHS Tporiecy T. J{is 1i€l Tpyny NoKa3HUKIB
HEOOXiZIHO 3HATH IWUIbOBY (YHKIII0O AMHAMIYHHX
XapakTepUCTHK Tporecy. ToOTo HeoOXimHO 3HATH
OaxaHMIT CTaH MIOKA3HUKIB MPOLECY B OYIb-SIKHIf MOMEHT
gacy 1. Y CY S GaxxaHui CTaH Ipoliecy Mae BU3HAYATHCS
isiMu y cdepi sikocti. LIi 1ii MaroTh CriBBITHOCUTHCS 3
MOMNITHKOI0 'y cdepi sKOCTi 1 SK MIHIMyM CTaBHTH

3aBaHHS MIIBHUIIEHHS pe3yibraTuBHOCTI. CrTymiHb
TOJINIIEHHS TTOKa3HUKIB SIKOCTI TPOIIECY BiJIIOBIAHO JI0
¢ynkuii  OaxkaHocTi  Moxe ~ OyTHM  MOKa3HHKOM

PE3yIbTaTUBHOCTI YIIPABIIIHHS MIPOLIECOM.

Y npyry rpyny TIOKa3HHKIB pPe3yJbTaTHBHOCTI
YIpPaBIiHHA MIPOLIECOM MOXYTh OYTH, HAIPHKIAM, Taki
y3arajbHeHi XapaKTepPUCTUKH:

- BeNMYMHA 3MIiHM TIOKAa3HHKIB TIEpIIOl TPyIH
gepe3 ycTaHOBJICHHH Tepiof acy T. Lls BenmauHa Moxke
OyTH MO3UTHBHOIO i HETATUBHOO BEIMYHUHOIO;

- BEIMYMHA 3MIiHM CTaOUIBHOCTI ITOKa3HHKIB
nepiuoi rpynu 4epe3 yCTaHOBJICHUH nepio 4acy T.

Tpers rpymna — Hoka3HUKH e(eKTUBHOCTI ITPOLIECY.
[Toka3HukK e(QEeKTUBHOCTI MpOlecy BilOOpaKaroTh
foro (koedimient kopucHoi nii). Came mnpsmi
MOKAa3HUKK e(EeKTHBHOCTI MPOLECIB MOXYTh JaTH
HaWliHHIOYY (QaKTUYHY OCHOBY sl IPUHHATTS
YIPaBIIiHCHKUX PilIeHb BUIIUM KEPIBHUIITBOM.

3. Mertoa ouiHIOBaHHS
CHCTEMHM YIPABJIHHSA AKICTIO

npouecis

®opMyBaHHS 3arajlbHOI OLIHKHA PE3yIbTaTUBHOCTI
ta edexruBHocTi CYS po3rismaeTscs, SIK YacTKOBI
OIIIHKM PE3YJIbTAaTHBHOCTI Ta €(QEKTHBHOCTI IPOIECIB.
[Ilo Oimpmmii MOKAa3HUK  PEe3yJbTAaTHBHOCTI  Ta
e(eKTUBHOCTI KOXXKHOTO Ipolecy, TO OUIBLIMMHU € Iii
nokasHukn CYS  3arazom. Tomy 3HaxomKeHHS
3arajbHOi OI[IHKHM pe3YJIbTATUBHOCTI Ta e(EeKTHBHOCTI
CVYSl nos's3aHe 3 KiJIbKICHUM BHU3HAYEHHSIM MHOXXHHH
MOKa3HUKIB ITPOLIECIB.

KoxxeH 13 TOKa3HHMKIB pe3yJbTaTUBHOCTI Ta
e(eKTUBHOCTI TIPOIECIB MOXKE MaTH pi3HY MIKaly i

pizHy  po3mipHicTb. OTXKe, 3HAXOOUTH  OILIHKY
Pe3yIBTaTUBHOCTI mporecy HEOOXiaHO yepe3
CYKYIHICTh OI[IHOK HOro MOKa3HHKIB, 1[0 MAalOTh pi3Hi
po3MipHOCTI Ta mikanu. Po3B'si3yBatu 3aBiaHHs OyJeMo
3a JIONOMOTOI BBEICHHS €IMHOI JUIS BCIX MOKa3HHUKIB
mryqynoi Metpuku. lle o3Hadae, 1m0 HabOpy 3HAYCHb
KOKHOTO TOKa3HHWKa IPOIECY IMOTPIOHO IOCTaBUTH Y
BiJINIOBIHICTh JCSIKUA CTaHIAPT, HANPHKIAL, KTy
OIIHKK Bixg Hyls no oxumHuii. lls mkama mae Oytu
OIHOTHUITHOIO UTS BCiX TOKa3HUKIB pPEe3yIbTaTUBHOCTI.
Sk Oynmo cka3aHO BHWIIe, HEOOXITHO 3HAUTH (PYHKIIIIO
Oa)xaHOCTI, sKa migxodwia O 10 BCIX IOKa3HUKIB
MIPOIIECIB.

Jst PO3B'sI3aHHS MTOCTaBJICHOT 3amayi
CKOPHCTAEMOCS y3arajbHEHOK (YHKIIEI0 OaxaHOCTi
Xapiartona [21], mo gae 3Mory 0O'€KTHBHO OI[IHHTH
SKICTh TIpOIleCY 1 JOCUTh H00pe pearye Ha Maii
MOKa3HUKK sIKocTi. Tak, HAmpuKiIan, SIKIIO OIWH i3
MOKA3HUKIB SIKOCTI OJMM3BKUI 10 HYJIS, TO y3aralbHECHUHA
MTOKA3HUK SIKOCTI HE OY/Ie BEIUKHM.

[Ipn po3paxyHky ¢yHKIii 06axaHOCTI BUXOISTH 3
TOrO, 110, SKIIO SKICTh MPOLECY XapaKTEepU3yeThCs N-
mokazaukamu (Yy, Y, ..., Y,), TO I omepikaHHS
¢yHKIii  OakaHOCTI  HEOOXigHO  TEPEeBECTH B
6e3po3mipHy mKady Y’ BCi BUMipsaHi moka3HUKH (V;), e
KO)KEH 1HIUBIAyaJIbHUHM MOKAa3HHUK SKOCTI BU3HAYAETHCS
3a (hOpMYJIOHO:

d, = exp[—exp(-Y")]. )

Hus mepexomy B 0Oe3po3MmipHy Imkamy Y’ 3a
BUMIpSIHUMHU TIOKa3HWKamu (Y;) MOXHa BHUKOPHCTATH
adiHHI TEPETBOPEHHS, IO 30epirarTh BIAHOIICHHS
JJICHHS BiAPiI3KiB 0JHAKOBUMHU. TOOTO, SIKIIO € BEpXHS
Y, 1 HIKHA Y, MeXi Moka3HHKa Y; Ta BIAMOBiAHI iM
BepXHE 3HaueHHs Y] 1 HmwkHe Y] nokasHuka Y', TO

BEJIMYMHH TIOALTY Bifpi3Ka piBHI MiX coOoro. 3Biacw,
SKIIO

A=t 2
Ty (2)
Tomi
y=LtMh )
1+
3BiICH
Y +0AY!
d =exp| —exp LA, . 4
I+A
SKImI0  AKICTH TPOIECY BW3HAYAETBCS N —

MOKa3HWKaMH, TO JUIA IOTO TIPOIECY Yy3araibHeHa
¢dyHkuis sikocTi D siBiisie co00K0 cepelHE TeOMETpUYHE
IH/IMBIIyaJIbHUX NOKA3HUKIB SKOCTI d;.

D=<fdd.d ~yd . )

Take momaHHs y3araJlbHEHOTO MOKA3HUKA SKOCTI
(5) € nocuth BunpaBaanuM. Toxi, KO Xo4a O OAUH i3
OJUHUYHHUX IOKAa3HHUKIB skocTi d; = 0, 701 D =0, 1, 3
iHmoro 6oky, D = 1 Toxi i TUTBKK TOI, KOJIX BCi d; = 1
(i=1,2, ..., n). Ue Binmoinae ¢imocodii axocTi.
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VY3arampHeHa (YHKIIS SKOCTI € KUIbKICHHM,
OJHO3HAYHHUM, €IMHHUM 1 YHIBEpCAIbHUM IOKa3HHUKOM
SIKOCTI JIOCJII/PKYBAHOTO TIPOLECY, 1 SIKIIO JOAATH Ile
Taki BJIACTHBOCTI, SIK aJeKBATHICTh, €(EKTHUBHICTH 1
CTaTHUYHA YYTIHMBICTh, TO Il MO’KHa BUKOPHCTOBYBATH SIK
KpHUTepii onTumizarii.

I'pacdiune mnpencrasieHHs QyHkuii
HaBEJICHO Ha PUCYHKY 1.

PospaxyHok Y’ npoBoanThes 3a popmyioro:

Y'=—In( - Ind),
Hanpukian, ¥’ = —In(- In0,8) = 1,499398 =1,5.

Oa)XaHOCTI

b d
1 —
Bimnvdnno /,.—-"._.-—
0.8
Hoape
.63
Sa10BLIBHO
037
Ierano
0.2 oy
() e | — . L = »
-3 0.476 0 772 s 3
— —
Y15 Y15 Yu Y13 Wiz Yu v,
»
Y5 LEDS Y Y3 Y Y ¢
Y Y Yu Y11 Y3 Yu v,
»
Vas Yo Yot Y [V Yat

Puc. 1. Bun gynknii 6axxanocti

Cnucoxk Jjiteparypu

Jami 3a [OIOMOTOI0  EKCIIEPTHHX  OIIHOK
BCTAHOBJIFOEMO 3HAYEHHS MMOKA3HHUKIB SIKOCTI MPOLECIB
Y,i, K1 BiJIIIOBIIal0OTh KOAOBAHUM 3HAYE€HHSAM Y.

Ha oci OpAHMHAT HaHECEeHi 3HAYECHHSA
IHTErpOBaHOI'0 MMOKAa3HHKa SKOCTI, 10 3MiHIOEThCs Bij 0
10 1 3 mpuiiHaTO0 B JIiTeparypi [2] yMOBHOIO SIKICHOIO
XapakTepucTHKo. Ha oci aOciuc Bka3aHi 3HAYCHHS
BIATYKy, 3amucaHi B yMOBHOMY Macmrali. Skmio
NOTPIOHO PEryNIoBaTH KPYTH3HY KpHBOI d, TO MOXKHa
3pOOHTH 3MiHM IHTEPBAJiB, TOOTO BUOPATH IHIIMHA KOII.

3ayBakxuMo, 0 KOMIUTEKCHa QyHKIIis sKocTi (1) €
KUTBKICHOIO, OJHO3HAYHOK, €TUHUM 1 YHIBepCalbHUM
MTOKA3HUKOM SKOCTI Ta MOXe OYyTH BHUKOPHUCTAaHA I
PO3B'si3aHHS 3a/1a4i OI[IHIOBAHHS Ta YIPABIIHHS SKICTIO
mporecis CY 1.

BucnoBknu

[Moka3zaHo, 1O CYKYIHICTh  XapaKTEPUCTHK
pe3yIBTaTUBHOCTI BUKOHAHHS TpoLECY,
Pe3yIBTaTUBHOCTI YIpaBIiHHS MPOLIECOM Ta

e(heKTUBHOCTI MPOILECY € MOKA3HUKOM SIKOCTI MPOIIECY
CV4l. IlpoBeneHo CTPYKTYpPYBaHHS MMOKA3HUKIB SIKOCTI
MPOLIECIB 32 TphOMA IpyHaMu:

- TIOKa3HUKH MHTTEBOI
peaibHOMY 4aci t;

- TIOKa3HHUKH
IPOLECOM;

- IOKa3HUKHU €(DEeKTUBHOCTI MPOIIECY.

3anpornoHOBaHO OIIHIOBATH OJWHUYHI MMOKa3HUKU
skocti mpomeciB CYS 3 BHUKOpUCTaHHAM (QYHKIIT
Oaxcanocti XapiHrtoHra. Sk y3arajbHEHHH MOKa3HUK
HPOIIOHYETHCS BUKOPHCTOBYBATH CEPEIHE F€OMETPUYHE
3HAUCHHS OJMHUYHUX ITOKA3HUKIB.
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Qualimetric method of evaluation of processes of the quality management system of enterprise
M.M. Mykyychuk, Yu.I. Rudyk, V.P. Khrystich, V.V. Andriets, D.Yu. Bondar, D.D. Romashkin

Abstract

The article studies the problems of ensuring product quality at enterprises and implementation of quality management
systems in accordance with the ISO 9000 series standards. The main attention is paid to analysing the effectiveness of these
systems, in particular, to determining the reasons why some enterprises, despite the certification of quality management systems,
failed to achieve improvement of economic indicators. It is noted that the standards contain requirements for assessing the
effectiveness of quality management systems, but do not provide specific methods for measurement, which complicates the
process of objective quality assessment. To solve the problem of quantifying the effectiveness of the quality management system,
the author proposes to use qualimetry methods, which allow converting single quality indicators into a dimensionless scale. This
makes it possible to more accurately assess the effectiveness of enterprise processes. A detailed analysis of existing approaches to
assessing product quality is carried out, and it is concluded that such approaches are not effective enough to assess management
systems, since they do not take into account the heterogeneity of quality indicators of processes and systems. The article
classifies the QMS processes into three main groups: mandatory processes (according to the standard), supporting processes, and
product life cycle processes. For each of these groups, the key performance and efficiency indicators are allocated, which allow
assessing the quality of management of individual processes. It is also proposed to use Harrington's desirability function as a tool
for integrating individual quality indicators into one generalised indicator. This allows to accurately assessing the quality of
processes and their compliance with the goals of the enterprise. A method for evaluating the processes of the quality management
system has been developed, based on the identification of key performance and efficiency indicators for each process. It is
proposed to use the geometric mean of these indicators to obtain an overall assessment of process quality. This allows top
management and auditors to obtain a more objective assessment of the functioning of quality management systems at enterprises.

Key words: qualimetry; quality management system; assessment; processes; desirability function.
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ANALYSIS OF THE RESULTS OF PROFICIENCY TESTING SCHEMES
OF KOZLODUY NPP METROLOGY LABORATORIES
THROUGH INTERLABORATORY COMPARISON

Nikolova Elena, Kunov Svetoslav

Metrological Assurance Department Nuclear Power Plant, Kozloduy, Bulgaria

Abstract

The article provides an analysis of the results of interlaboratory comparative tests (ICT) of the laboratories of the

metrological service of the Kozloduy NPP over the past ten years.

Laboratory proficiency testing is an important element of ensuring the quality of its work and one of the requirements of
BDS EN ISO/IEC 17025:2018 “General requirements for the competence of testing and calibration laboratories”. Laboratory
proficiency testing through ICT is one of the most effective means of ensuring confidence in the laboratory results.

By participating in ICT, the laboratories of the Kozloduy NPP receive an independent assessment of the quality of the
results, which makes it possible to prove their technical competence, control and improve their activities, and, if unsatisfactory

results are obtained, take adequate corrective measures.

Keywords: interlaboratory comparative tests, proficiency testing, laboratory competence.

1. Introduction

Thousands of measurements are perfomed every
second at Kozloduy NPP. Tens of thousands of
Measuring Instruments (MI) and Information and
Measurement System (IMS) are used for this purpose.
The total number of MI and IMS at Kozloduy NPP is
about 60 000, and about 20 % of them are subject to
calibration and 80 % subject to metrological
verification, 25% of them are subject to metrological
verification in the area of state regulatory control and 75
% - subject to internal verification.

Metrology Assurance Department performs activities
aimed at ensuring uniformity, required accuracy and
reliability of the measurements at Kozloduy NPP.

Metrology Assurance Department is a separate
structural unit within Safety and Quality Directorate.
Metrology Department consists of 5 laboratories
differentiated by measurement types and activities
performed. The number of personnel in the Department
is 45 specialists, 90% of them are college graduates.
Average age of employees is about 40 years.

The Metrology Department is provided the
necessary standard and auxiliary equipment with
guaranteed traceability to the national measurement
standards of Bulgaria, UK, Germany, Russia,
Netherlands, Check Republic and Denmark for 13 types
of dimensions and ensures traceability of measurements
in NPP (Table 1).

Laboratory proficiency testing is an important part
of laboratory quality assurance and one of the
requirements of ISO/IEC 17025:2018 standard “General
requirements for the competence of testing and
calibration laboratories”. The laboratory proficiency
testing through interlaboratory comparisons (ILC) is one
of the most effective tools for ensuring confidence in
laboratory’s results.

In order to confirm their technical competence, all
the metrology laboratories of Kozloduy NPP
participated in a number of interlaboratory comparisons
organised by the Bulgarian Institute of Metrology,
German Federal Office for Radiation Protection (BfS)
and International Atomic Energy Agency (Table 1).

Table 1 — Schedule of interlaboratory comprising of metrology laboratories of NPP Kozloduy

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
]
£ lonsing Tonking Toniste Tonging Toniste Tonging Tonisig [onsine [onkmg [onkine [onsing
i Radation Radition Radiaton | Radation Radiation Radntion Radiation Radation Radation Radiation Radation
g Measurements | Measurements | Measurements| Measirements] Measurements| Measurements | Mea surements | Measirements| Measuremens | Measrements| Measurements
(¥}
£ |Weichi&Mass Dimentional Weghié&Mas Weigli&Mass WeizhtS&Mass | Weisht&Mass
E Measwrements Measurerents Menswrements Measurements Measurements| Measurements
=
o Pressure Temperature Tenperature | Tempemtre Tenpenatwre | Presswre | Temperature
E Measurements measitements Measurements | Measurements Measurements | Measurements| Measmrements
% : . , Relative

Ekctrical Electrcal Electncal i

= Humidiy
& Measurenents Measirements Measuramenis 5
= Measurements
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The providers, organisers of the interlaboratory
comparisons, usually use the following criteria for
evaluating the laboratory performance in compliance
with ISO/IEC 17043 standard [1]:

e E, number:

S (M)

b
\/Uém +U%

where: X — the result of the participant; X — the
assigned value determined by the reference
laboratory; U, — expanded uncertainty related to the
result of the participant; U, — expanded uncertainty
of the assigned value determined by the reference
laboratory.

e quantitative index C:

X—X

== VUi + U3, , @

where: Ug — combined standard uncertainty related to

the result of the participant; U, — combined standard
uncertainty of the assigned value.

2. The Pressure, Flow Rate and Level
Management laboratory

The Pressure, Flow Rate and Level Management
laboratory (PFLM) participated twice in
interlaboratory comparisons for the last ten years. In
2022, the laboratory performed calibration of pressure
transmitter S-20 type manufactured by WIKA in seven
points in the range from 0 to 60 bar. The reference
laboratory, the National Centre of Metrology,
Bulgaria, calibrated the object of comparison prior to,
during and after the participation of laboratories with
metrological traceability to the Czech Metrology
Institute. The comparative method of measurement
used is a routine method of the laboratory.

The summarised results of the interlaboratory
comparison are presented in the Table 2.

Table 2 — The summarised results of the interlaboratory
comparison (|E,| number)

Measurement Individual participant codes
points, bar | 22P1|22P3 | 22P5 | 22P7 | 22P9 |22P11|22P13
10 1,01071]07]103]02]| 15100
20 0910710710000 | 081 0,7
30 0710710700100 /|09 | 04
40 06lo03]03]03]02]10]| 04
50 0704 |04]06]04]16] 00
60 0810404 | 12|04 | 1,71 05
The value |E,[<1 indicates satisfactory

performance of the laboratory and does not require any
actions. The laboratory confirmed the stated uncertainty
of the measurement.

3. The
laboratory

Temperature Measurements

The Temperature Measurements laboratory (TM)
has repeatedly participated in interlaboratory
comparisons for the last ten years on calibration of
digital thermometer and thermocouple.

In 2021 the laboratory calibrated a thermocouple S
type with a measuring range from 0 °C to 1000 °C. The
reference laboratory calibrated the object of comparison
at the beginning and after the participation of the
laboratories, its metrological traceability to PTB,
Germany.

The E, number was used as a criterion for

performance evaluation, and the summarised results of
the interlaboratory comparison for 2021 are presented in
the Table 3.

Table 3 — The summarised results of the interlaboratory
comparison for 2021 (|E,| number)

Measurement | Individual participant codes
point, °C 22TC5 22TC6
1000 0,43 0,07
800 0,23 0,03
600 0,46 0,02
400 0,28 0,36
200 0,06 0,08

The value |E,|<1 indicates the satisfactory

performance of the laboratory, but comments in the
interlaboratory comparison report were made to the
uncertainty budget that the budget did not include
contributions from non-uniformity of the conductors of
the thermocouple subject to calibration and drift of the
reference voltmeter. All these comments were taken into
consideration during the update of the calibration
methodologies.

The Temperature Measurement laboratory
participated in interlaboratory comparison on digital
thermometer calibration in 2018. The reference
laboratory was the National Center of Metrology which
performed the calibration of the object of comparison at
the beginning and after the participation of all
laboratories.

The E, number was used as a criterion for
performance evaluation in compliance with ISO/IEC
17043 standard [1], and the summarised results of the
interlaboratory comparison for 2018 are presented in the
Table 4.

Relatively low values of |En| indicate satisfactory

performance of the laboratory and do not require any
actions.

In September 2023 the Temperature Measurement
laboratory participated in interlaboratory comparison on
calibration of digital thermometer and moisture meter.
The final reports of the interlaboratory comparison are
awaited.

© Nikolova Elena, Kunov Svetoslav , 2024
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Table 4 — Results of applying the E, criterion

Tables 6 — Normalized deviation E,

Measurement | E, | Nominal Individual participant codes
points, °C 571512 513 1o 516 1 BT weight, g | 23M1 [23M2] 23M3 [23M5 | 23M6 [ 23M7 | 23M8
1 0,0 0,0 0,0 0,0 0,0 0,0 0,0
-40 - 1019 - | L98|L78) - 10 00100 ] o0 o00] 001 001 00
20 o1t 124 - [121]096] 034 100 | 00 | of J 00 | 0,1 | 00 | 00 | 01
0 0,18 0,17 | 0,2 | 0,00 | 0,48 | 0,70 50 | 00)o01])02)02] 01| 01| 0l
25 002033014 1,77] 0,18 0,10 ;ggg 8& 8’§ 8’; 8’; 8’; 8’3 8’;
50 0,01 1,970,751 0,29 | 0,13 | 0,00 3500 0:1 0:3 O:Z 0:2 0:1 0:2 0:2
100 [or1fo78]149]3383]031]0,10 2000 | 00 02 [ o1 02 [ 01 o1 00
150 0,15] 3,76 |1 2,07 | 0,34 | 0,05 | 0,12 5000 0,0 0,2 0,1 0,0 0,2 0,1 0,0
200 005|526 242]413]1,18] 0,16 5500 | 00 | 03 | o1 [ 03 01 | 01 | 03
4. The Mechanical, Physical and The summarised rqsults of the interlaboratory
Chemical Measurements laboratory comparison are presented in the Tables 7,8.
The Mechanical, Physical and Chemical Table 7 — Results of applying the E, criterion

Measurements laboratory (MPCM) has repeatedly
participated in interlaboratory comparisons for the last
ten years on calibration of digital non-automatic
weighing scale and weights.

In 2019 the laboratory performed calibration of
digital non-automatic weighing scale, accuracy class I,
AE 240S type, manufactured by Mettler Toledo,
Switzerland, with a measurement range up to 200 g, and
in 2023 a calibration of digital weighing scale E 5500 S
type manufactured by Sartorius, Germany, with a range
up to 5 500 g. The reference laboratory, the National
Center of Metrology, Bulgaria, calibrated the object of
comparison prior to and after the participation of
laboratories with metrological traceability to the
Bulgarian Institute of Metrology.

The E, number was used as a criterion for

performance evaluation, and the summarised results of
the interlaboratory comparison are presented in the
following Tables 5,6.

For one result of 150 g, the |En| number is greater
than one and requires investigating the reasons for the
unsatisfactory result and taking corrective actions.

In 2018 MPCM laboratory participated in
interlaboratory comparison on calibration of standard
weights with nominal values 2 g, 200 g, 1 kg, 5 kg and
20 kg, and in 2022 — calibration of standard weights
with nominal values 200 g, 5 g, 500 g and 5 kg.

Tables 5 — Normalized deviation E,

Nominal En

weight, g NAwT1 | NAWI2 | NAWI3 | NAWIS | NAWI6 | NAWI7 | NAWIO
0.05 | -0.05] 0081009 [ 013 | 005 | 000 | -
0,1 -0,05| 0,12 | 0,14 | 0,17 | 0,18 | 0,19 | 0,11
1,0 -0,05 | 0,04 | 0,18 | 0,08 | 0,05 | -0,31 | 0,03
10 -0,091 0,27 | 0,13 | -0,03 | 0,85 | 0,07 | 0,25
50 -0,77 1 0,60 | 0,18 | 0,00 | 0,85 | 0,50 | 0,62
100 |-077] 0386 | 046 | 0,16 | 096 | 1,82 | 1,35
150 -1,40 | 0,59 0,47 | -0,07 1,64 | 2,54 | 1,13
200 |-0,13| 0,67 | 0,08 [ 0,14 | 1,36 | 327 | 1,48

Nominal Individual participant codes
weight, g Ml M3 M4 | M5 M7
2 -0,13 -0,27 |-0341-0,14 | 0,16
200 0,12 -0,07 | 0,07 | -0,16 | 0,39
1000 0,19 -0,14 | 0,231 0,14 | 0,84
5000 0,26 0,06 |-0,19] 005 | 0,28
20000 0,46 1,55 1-0,96| 0,03 | 0,07
Tables 8 — Normalized deviation E,
Nominal Individual participant codes
weight, g | 2oM1 | 22M3 | 22M5 | 22M7 | 22M9
0.2 0.88 | 0.13 - - 0,25
5 2,03 1,27 | 0,20 - 0,11
500 0,02 | 039 | 023 - 0,34
5000 027 | 0,14 | 0,05 1,00 | 0,21

For one result of 5 g the number |E,|=2,03. The

analysis of the results revealed the need to improve the
qualification of the laboratory personnel in the area of mass
measurement and processing the results of the repeated
measurements, revision of calibration methodologies and
requirements for laboratory equipment.

5. The Electrical and Radiotechnical
Measurements laboratory

The Electrical and Radiotechnical Measurements
laboratory (ERTM) several times participated in
interlaboratory comparisons for the last ten years.

In 2014, 2017 and 2022 the laboratory performed a
calibration of multimeter WAVETEK 1281 type. In
2014 the results were satisfactory for all points DCV,
DCI, ACV, ACI and DCR, and in 2017 for all points
except for 10 MQ. The summarised results of the
interlaboratory comparison for 2023 are presented in the
following Tables 9-13.

For all the laboratory measurements results the
condition |E,|<1 was met except for the values 100 €,

1 kQ, 100 kQ and 1 MQ. Method used by the laboratory
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Tables 9 — Normalized deviation E, — DCV

Merz;lgemg Mea;s(l)lirnetrslent Xref Uref Xlab'Xref Xlab Ulab En
100 mV 100 mV -0,00393 | 0,00088 | -0,00015 -0,004 1 0,0060 | 0,0
1V +1V -0,00041 |0,0000059 | -0,0000080 | -0,000 419 | 0,000 026 | 0,3
10V +10V 0,01242 | 0,000055 | -0,000077 | 0,01235 | 0,00028 | 0,3
-10V 0,0451 0,000054 | 0,000059 | 0,04516 | 0,00028 | 0,2
100 V + 100V 0,00493 0,00046 | -0,00018 0,004 8 0,0040 | 0,0
1000 V +1000 V -1,8710 0,0047 -0,0048 -1,876 0,038 0,1
Tables 10 — Normalized deviation E,— DCA
M(?;fll;l;ng Mee;)s(l)l;ir:em Xref u ref Xlab'x ref Xlab u lab En
-7,9E-
1 mA +1 mA 05 0.000026 -0,000019 | -0,000098 | 0,000087 0.2
10 mA +10 mA 0,00088 | 0,00026 | -0,000123 0,00076 0,000699 | 0,2
-10 mA 0,0007 0,00026 0,000050 0,00075 0,000699 | 0,1
100 mA +100 mA | -0,0881 0,0026 -0,000595 -0,0887 0,007002 | 0,1
1A +1 A 0,0006 | 0,000055 | -0,000009 0,00059 0,000281 | 0,0
Tables 11 — Normalized deviation E,— DCR
Miz:gemg Me?;rllir:ent Xref Uref Xlab'Xref Xlab UIab En
10Q 1Q 0,000007 0,000011 | 0,000033 | 0,00004 | 0,000 06 |0,5
100 Q 100 Q 0,00028 0,00013 | 0,003820 0,004 1 0,0030 |13
1 kQ 1 kQ -0,00000858 | 0,00000047 | 0,000115 | 0,000 106 | 0,000 040 | 2,9
100 kQ 100 kQ 0,00007 0,00069 | -0,008670 | -0,008 6 0,0029 |29
1 MQ 1 MQ -0,000002 0,000007 | -0,000089 | -0,000 091 | 0,000 048 | 1,8
100 MQ 100 MQ 0,016 0,0067 -0,021360 -0,005 0,048 |04
Tables 12 — Normalized deviation E,— ACV
Merz:;r;ng MCE;)S;I;I;ICnt Kref Ut Kiab~Xref Kiab U, | En
100 mV 100 mV, 50 Hz 0,016 0,0066 -0,002 0,014 0,026 | 0,1
100 mV 100 mV, 1 kHz 0,017 0,0053 0,000 0,017 0,026 | 0,0
1V 1V,50Hz 0,00322 | 0,000052 | 0,00000 0,00322 | 0,00025 | 0,0
1V 1V, 1kHz 0,003241 | 0,000037 0,0000 0,00322 | 0,00025 | 0,1
10V 10V, 50 Hz -0,00336 | 0,00053 | -0,000010 -0,0034 0,0024 | 0,0
10V 10V, 1 kHz -0,00316 | 0,00038 0,00005 -0,0031 0,0024 | 0,0
100 V 100 V, 50 Hz 0,0169 0,0062 0,0021 0,019 0,025 | 0,1
100 V 100 V, 1 kHz 0,0188 0,0047 0,0033 0,0221 0,024 | 0,1
1000 V 1000 V, 50 Hz -2,84 0,094 0,14 -2,70 0,36 |04
1000 V 1000 V, 1 kHz -2,83 0,09 0,18 -2,65 0,36 10,5
Tables 13 — Normalized deviation E, — ACI
l\gerzsr?;;n Mezz)s;ﬁ?em Xref Uref Xlab'xref Xlab UIab En
1 mA 1 mA, 50 Hz -0,00029 | 0,00021 0,00000 -0,0003 | 0,0007 | 0,0
1 mA, 1 kHz -0,00024 | 0,00022 -0,00011 -0,0004 | 0,0007 | 0,2
10 mA 10 mA, 50 Hz 0,00210 0,00150 0,00040 0,0025 | 0,0042 | 0,1
10 mA, 1 kHz 0,00280 0,00160 0,00016 0,0030 | 0,0041 | 0,0
100 mA | 100 mA, 50 Hz | -0,02000 | 0,01600 0,00440 -0,0160 | 0,0420 | 0,1
100 mA, 1kHz | -0,01100 | 0,01600 -0,00060 -0,0120 | 0,0410 | 0,0
1A 1A, 50Hz -0,00073 | 0,00031 0,00020 -0,0005 | 0,0007 | 0,3
1A, 1kHz -0,00056 | 0,00030 0,00030 -0,0003 | 0,0007 | 0,4
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for resistance measurement is not a routine method for
the laboratory and a decision was made that the
laboratory should participate more frequently in

interlaboratory comparisons in order to gain
experience in use of non-standard methods of
measurement.

6. The Ionizing Radiation Measurements
laboratory

The Ionizing Radiation = Measurements
laboratory = (IRM)  participates  annually  in
interlaboratory comparisons on measurement of

anthropogenic radionuclides in water, soil and surface
contamination of the filters. The summarised results of

the interlaboratory comparisons, organised by the
German Federal Office for Radiation Protection “43.
Ringversuch Fortluft 2022” on the measurement of
gamma-emitting nuclides during the control of gaseous
radioactive releases to the environment are presented in
Tables 14.

In 2022 the laboratory participated also in an
interlaboratory  comparison organised by the
International Atomic Energy Agency (IAEA, Austria)
on measurement of surface alpha and beta
contamination in simulated filter: || < 2 — satisfactory
result; 2 <|{| < 3 — questionable result; || > 3 —
unsatisfactory result which requires taking corrective
actions The IRM laboratory obtained satisfactory
results in all interlaboratory comparisons.

Table 14 — Qualitative Bewertung after Labore anhand des {-Score Tests

# | Yo [“co | ®zr ["nb| # | %o |%co | %2 [®Nb| # | ¥Co | *%co | ®2r | "nb
1 1056049 [037 | 108 | 46 | 013 | 016 | 005 [ 046 | 91 | 0.29 | 054 | 020 | 0.18
2 062049 0731071 | 47 | 004 J001 o012 276 92 |o0.11 086 114 | 018
3 [000] 036032077 | 48 | 009 | 0.46 | 0.20 93 | 068 | 056 | 051 | 1.60
4 1077|014 054 | 059 | 49 | 016 | 015 | 006 | 285 | 94 | 056 | 099 | 1.29 | 190
s o016 ] 005 | 003|067 ] 50 | 009 | 008] o030 9s | 0.09 | 1,34 ] 095 [208
6 | 016 | 006|011 | 011 ]| s1 [7237 093] 107|137 ] 96 | 1.18 | 1.21] 017 | 065
7 1013006 011|012 52 | 068 | 141|200 AN 97 | 1.09 | 168 | 048 | 0,06
8 | 004|006 ]| 004 002] 53 |010]046] 008|025 98 |009]014]017]0.01
9 | 077 | 058 | 070 | 1.40 | 54 | 001 | 0.57 | 0.13 | 035 | 99 | 0.24 | 0.04 | 0.16 | 0.34
10 | 029 | 035 | 036 | 017 | 55 | 006 | 073 | 067 | 2,35 | 100 | 1,17 | 1.30 | 0.29 | 0.31
11 | 188 [ 027 | 035 | 131 | 56 | 085 | 1,10 | 082 101 | 0,59 | 069 | 0,76 | 0.94
12 | 1,23 | 1,10 | 057 | 165 | 57 | 0.28 | 0.46 | 0,27 102 | 0,22 | 0,38 | 0,05 | 0,21
13 | 016 ] 149 | 077 002 | s8 | 050 | 061 ] 053|036 | 103 | 151 ] 132 146

14 | 015 | 054 | 008 | 0.76 | 59 | 022 | 034 | 035 | 011 | 104 | 1.38 | 132 | 097 | 0.83
15 | 012 [ 002 | 001 (014 | 60 | 015 | 0.20 | 016 | 091 | 105 | 051 | 0.3a | 032 | 0.13
16 | 003 [ 016 | 027 | 024 | 61 | 011 | 031 ] 029 | 001 | 106 | 0.16 | 017 | 0.21

17 | 062 | 0.21 | 098 62 | 0.71 | 0.26 | 0.08 | 0.76 | 107 | 0.58 | 0.05 | 0.86

18 | 079 | 066 | 090 63 | 1.28 | 047 | 0.21 | 0.27 | 108 | 0.10 | 0.43 | 058

19 | 1.70 [ 0,52 | 0.89 64 085 | 089 | 056 [ 009 ] 109 | 0.07 | 058 | 0,19

20 | 0.89 | 047 | 0.79 | 0.59 | 65 | 0.36 | 0.40 | 0.42 | 0.09 | 110 | 0.06 | 0.05 | 0.27 | 2.84
21 | 061 | 065 | 080 | 163 | 66 | 0.00 | 0.91 | 0.60 | 0.19 | 111 | 0.12 | 0.41 | 0.45 | 0.02
22 | 146 | 103 [055 | 135 | 67 | 014 | 062 | 0.15 [ 008 | 112 [ 061 | 1.40 | 0.09 | 0.17
23 | 125 [ 121 | 117 68 [ 0.26 | 033 [ 029 [0.28 | 113 | 0.00 | 067 | 0.25 | 0.03
24 | 268 225 | 69 | 165 | 0.14 | 0.10 114 | 027 [ 032 | 0.20 | 0.10
25 [205] 132 [ 122 70 | 124 | 1,28 | 130 [ 0.67 | 115 | 0.80 | 0,27 | 0,55

26 | 030 | 038 069 | 098 | 71 [ 051 | 050|015 042 116 [ 057 | 053 | 085

27 | 104 | 007 | 174 | 132 | 72 | 096 | 078 | 0.97 117 | 078 | 0.7a | 0.21 | 2.92
28 | 050 013|021 (002 73 | 125 | 102 106 118 | 1,15 [ 09 | 130 | 2,91
29 | 004 [ 019|017 |005| 74 | 003 | 191 [235 | 1,84 | 119 | 0.08 | 035 | 030 | 0.02
30 | 0,20 ]| 042 | 035 | 066 | 75 | 032 | 0,43 | 1,04 | 1,25 | 120 | 0.73 | 2.18 | 0.65 | 0.69
31 [ 074 | 036|085 | 078 | 76 | 052 | 0,18 | 007 [ 041 | 121 | 1.37 | 0,97 | 0.11

32 | 054 | 045 | 042 | 051 | 77 | 064 | 033 | 027 | 0.3a | 122 | 0.70 | 013 | 0.32

33 | 111 | 1,92 [ 1,20 | 144 | 78 | 2,19 | 1.26 | 2,30 | 2,02 | 123 | 0.01

34 | 029 0,74 79 | 053 | 0,15 | 0,10 | 0.08 | 124 | 1.19 | 1.33 | 115

35 | 040 | 019 [ 023 | 013 | 80 | 133 | 102 | 002 | 024 | 125 | 0.42 | O1s | 193

36 | 021 | 012|016 | 096 | 81 | 047 | 014 | 008 126 | 210 | 016 | 197 | 1.63
37 | 0.84 | 0,58 | 0.61 82 | 0.27 | 035 | 0,03 | 0.44

38 | 088 | 0.10 | 053 83 | 190 | 0.11 | 1.49 | 1.06 1 | fragwirdig

39 | 039 [ 031 | 066 | 048 | B8a | 151 | 015 | 1.20 | 0.90

40 | 000 | 016 | 011 [246| 85 | 024 | 0.20 | 059 | 0.45 I nicht asaeptabel

41 | 019 | 032 | 0.24 86 | 107 | 1,50 | 0,98 | 0.47

a2 083|037 [110 072 | 87 | 111 ]122]108]054

43 00505 [0713 |067 | 88 | 1.15 | 0.70 | 0.85 | 0.72

44 (007 | 002 [010 | 001 | 8 | 155 | 0.65 | 1.00 | 1.05

45 [ 023 (023|047 [045 | 90 | 015 [023 011072
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7. Conclusion Unsatisfactory results from the participation in
o ) ) interlaboratory comparison can be obtained by any
Through ~ participation  in interlaboratory  |aporatory. Unfortunately, no one is protected from such
comparisons, the Kozloduy NPP laboratories receive an ~ , result, but it is very important to understand the reason
independent evaluation of the quality of results, which ¢, obtaining such a result and to take adequate
provides an opportunity to prove their technical .girective actions.
competence, to monitor and improve their performance.
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MPOBOJUTH a/IeKBaTHI KOPUT'YBaJIbHI 3aX0/IH.

Kuiouosi cioBa: MixabopaTopHi HOPiBHIIBHI BUIIPOOYBaHHS, TIepeBipka KBauidikamii, KOMIETeHTHICTE JlabopaTopil.
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TECHNOLOGY FOR IMPLEMENTING THE LEAN SIX SIGMA
QUALITY MANAGEMENT MODEL IN HIGHER EDUCATION
INSTITUTIONS. PART 2: INCONSISTENCIES ANALYSIS,
EDUCATIONAL PROCESS IMPROVEMENT AND CONTROL
OF IMPROVEMENTS SUSTAINABILITY

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

Abstract

The relevance of the application of the newest quality management technologies, namely the Lean Six Sigma (LSS)
methodology in ensuring the educational process quality in higher education institutions (HEIs) in accordance with the guidelines
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 (ESQ) is substantiated. The current state of development the problem of the production-oriented quality management model
LSS adaptation to the conditions of HEIs functioning is analyzed in the works of foreign and Ukrainian scientists. The purpose of
the article is to analyze the conditions for the LSS model implementation in HEIs in order to increase the efficiency of
educational and scientific business processes and the applied implementation of LSS technologies taking into account the
peculiarities of the Ukrainian educational environment. The practical significance of the article is to improve the quality of
educational services delivery in HEIs using the continuous improvement cycle DMAIC and LSS tools on the example of
increasing the effectiveness of the key process “Development EMS for the educational process”. Critical to quality characteristics
(CTQC) of the educational product “Complex of Educational and Methodological Support (CEMS)” have been established.
Current and target CTQC values are defined. A critical analysis of the CTQC non-compliance causes with the target value was
carried out using FMEA analysis and Value Stream Mapping (VSM). Practical measures to improve the process quality are
proposed. Process quality indicators were calculated after the implementation of corrective measures in the educational process.
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.

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

formation, the higher education quality standards
recommend the use of not only traditional (Total
Quality Management), but also production-oriented
quality assurance technologies (Lean Six Sigma).

The Lean Six Sigma (LSS) quality management

1. Introduction

Modern forms and models of the educational
process quality management in higher education
institutions (HEIs) provide not only for the training of

highly qualified specialists, but also for the formation of
a specific structure that guarantees support and
continuous improvement of the educational services,
educational and scientific products quality. Such a
structure is the quality management system (QMS) of
HEIL QMS of a modern HEI has to take into account the
guidelines of international standards and national
regulatory documents in the field of education quality.
Such documents include, first of all, DSTU ISO
21001:2019 Educational organizations — Management
systems for educational organizations — Requirements
with guidance for use (ISO 21001:2018, IDT), DSTU
ISO 9001:2015 Quality Management Systems —
Requirements (ISO 9001:2015, IDT) and reflects the
principles of the Standards and Guidelines for Quality
Assurance in the European Higher Education Area
(ESG) and "Recommendations for the application of
criteria for assessing the quality of the educational
program". As a consequence of the trend towards the
use of multidisciplinary approaches to the QMS

model in HEIs is aimed at increasing and continuously
improving the educational services quality while reducing
the cost of all types of resources and ensuring the
business processes stability, which is the primary task of
HEIs in the context of the need to save resources.

2. Literature review

A detailed review of the scientists research in the
field of quality assurance, which led to the idea of the
possibility of combining two competing quality
management models Six Sigma and Lean Production
into a hybrid effective LSS methodology in the early
2000s, and then the application of this purely
production-oriented concept in the field of educational
services, is given by the authors in the article [1].

Ukrainian researchers, unfortunately, do not pay
enough attention to the analysis of the possibilities of
implementing the LSS model or its individual tools in
Ukrainian universities, although the world's leading
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educational institutions actively use the achievements of
this leading quality management concept (Kings
College, London; National University of Singapore;
Valdosta State University, Georgia; Heriot Watt
University, UK; Gordon State College, USA, etc.).

In the authors’ article [1] the conditions for the
LSS model in HEIs application were analyzed, an
expert map on the use of LSS methodology tools and
traditional statistical quality management tools at all
stages of the basic LSS technology — the cycle of
continuous improvement DMAIC (Define, Measure,
Analyze, Improve, Control) implementation was
compiled, identifies and measures critical to quality
characteristics (CTQC) of the HEIs key educational
process “Development of the EMS for the educational
process” were identified and measured.

The article is aimed at analyzing the influencing
factors that are the reasons for the non-compliance of
the CTQC educational process with the target values,
developing measures to eliminate inconsistencies and
methods for monitoring the constancy of the educational
process quality indicators using DMAIC technology and
other complex LSS tools.

3. Research methodology

The practical implementation of the LSS quality
model principles is based on the application of the DMAIC
(Define, Measure, Analyze, Improve, Control) continuous
improvement cycle. The DMAIC cycle is used to
consistently improve the business processes in the
organization in order to achieve maximum stability of the
processes flow and reduce the number of defects to 3.4
units per million (DPMO (Defects per Million
Opportunities) is 3.4), which corresponds to the 6 "sigma"
quality level. Applied aspects of improving business
processes in HEIs based on the implementation of DMAIC
technology are given in the articles [2, 3]. However, in
order to achieve more significant results in improving
business processes, it is advisable to use not only the
classic version of DMAIC technology, but also complex
tools of the LSS methodology, first of all, the method of
Value Stream Mapping (VSM), which is discussed in
detail in the authors’ article [1], and the FMEA method.

The FMEA method is the analysis of possible
defects  significance  and  their = consequences
(consequences of non-conformity, parameter S — severity
of consequences), the determination of the defects causes
(potential cause of non-conformity, parameter O -
probability of occurrence) and the analysis of methods for
determining the defect (methods of non-conformity
detection, parameter D — probability of detection). To
determine the significance of the parameters, a
qualimetric scale from 1 to 10 points is used.

The scale of parameter assessment for the
processes taking place in HEIs differs significantly from
the standard qualimetric scale of production processes
FMEA [4]. The value of the parameter S varies from 1
(the occurrence of a factor does not have any effect on

the effectiveness of the process) to 10 (the occurrence of
a factor makes the normal functioning of the process
and the creation of an output impossible). The value of
the parameter O varies from 1 (the appearance of the
factor is practically impossible) to 10 (the factor is part
of normal practice, the problem occurs constantly). The
value of parameter D varies from 1 (the occurrence of a
hazard can be detected almost always) to 10 (the
occurrence of a hazard is almost impossible to detect).

The criticality of the factors is established by
calculating the risk priority number (RPN) as a
multiplication of the S, O and D indicators for each
influencing factor.

4. Results

It was established in [1] that an important practical
task of implementing the LSS concept to improve the
educational process quality in HEIs is the practical
implementation of the LSS technology (DMAIC cycle)
in order to increase the effectiveness of the key process
“Development of the EMS for the educational process”.

In the article [1], the first two stages of the DMAIC
cycle (Define and Measure) were implemented, the
results of which were the determination of the CTQC list
of the researched process and the determination of their
quantitative current values (for 100 complex of
educational and methodological support (CEMS) over the
past 5 years, Department of Information and
Measurement Technologies (IMT), NURE):

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 CTQC system takes into account the
requirements of  the normative document
"Recommendations for the application of criteria for
assessing the quality of the educational program" [5]
and the internal document of NURE “Regulations on the
complex for educational and methodological support of
the discipline”. CTQC target values are equal to zero.
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On the basis of the defined criteria, it is established
that the studied process has a “sigma” level of defect-
free Z,,, =3,975 (target value Z_, =6).

value value

The study [1] developed the current state VSM of
the process “Development of the EMS for the educational
process”, which is formed by the sequence of production
and logistics processes of creation and movement of the
object (CEMS) value from the customer (Ministry of
Education and Science of Ukraine) to the consumer
(Higher education applicants). This tool allows to
visualize the flow of the object consumer value adding in
order to analyze non-productive costs and highlight the
“bottlenecks” of the process.

It was determined that as process efficiency
indicators it is advisable to use value-adding flow
efficiency indicators: the Process Cycle Efficiency
(PCE) and the Stream Non-Defectiveness Indicator
(SNI). The PCE current value is equal to 11,3 %, while
the PCE minimum target value is equal to 14,6 %. The
SNI current value is equal to 98 %, SNI target value is
equal to 100 %.

To develop and control the effectiveness of
measures that will allow to achieve the target value of
the researched process quality indicators, it is necessary
to implement the last three stages of the DMAIC cycle,
namely: Analyze, Improve and Control.

A (Analyze)

The purpose of the process efficiency analysis
stage is to study and critically analyze the key indicators
of the process in order to identify the influencing factors
that cause their non-compliance with the target values,
and then to identify the most important factors.

The “sigma” coefficient of non-defectiveness,
which is based on the DPMO indicator determination
according to the formula given in ISO 13053-1 [6], is
equal to:

c 6
Yoomo = 107, (1)
Nyiss *Peroe
the
number of inspected units of production (100 CEMS
over the past 5 years); 7y — the number of

where C is the total number of defects; 7

units

characteristics critical for product quality (9).

The target value of the permissible number of non-
conformities of critical process characteristics is
calculated based on the target level of 6 sigma defect-
free level. From formula (1) we get:

Yopmo  Punits “Neroce
c 10° . 2)

After calculations, we get a target value of 0,00306
permissible nonconformities CTQC per 100 CEMS, or
only one unsuitable one is allowed for 32680 developed
CEMS. In practice, this means that in order to achieve
the 6-sigma level of the process “Development of the
EMS for the educational process”, all critical
characteristics should meet the target value, that is, there
should be no inconsistencies at all.

Since, as a result of the DPMO indicator calculation
according to the Six Sigma methodology, it is found that
the largest number of non-compliant CEMSs arises as a
result of non-compliance with the criterion of
“compliance of development time with normative
values”, it is advisable to analyze the time costs in order
to identify the most significant factors of influence.

To rank the time costs (the waiting time (WT)
between value-adding operations on the VSM [1])
according to the degree of impact on the overall result,
we will use the ABC-analysis method, which is based
on the Pareto principle (“80% of the result creates 20%
of inputs”). The Pareto chart is shown in Fig. 1.
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Fig. 1. Pareto Chart and Cumulative Lorentz Curve for
Unproductive Time Costs

According to the Pareto principle, priority efforts
should be concentrated on minimizing costs, which
cause 80% of the total time consumption, namely:

WT 2.3 is the transition time between sub-
processes within the process of developing CEMS
elements.

WT 1...2 is the transition time from the process of
work program (WP) developing to the process of WP
approval at the meeting of the Department.

WT 8...9 is the transition time from the process of
CEMS reviewing to the process of CEMS approval at
the meeting of the Department.

WT 9...10 is the transition time from the CEMS
approval process at the Department meeting to the
process of CEMS approval by the Educational-
Methodical Commission (EMC).

Let's analyze the reasons for these unproductive
time costs within the framework of the process
"Development of the EMS for the educational process”
implementation.

In the LSS quality management methodology,
wastes are divided into two categories:

1) first-order wastes that do not add consumer
value to the product or service, but they are necessary
from the point of view of the technological process (for
example, the cost of design the accompanying
documentation for CEMS). Such costs can and should
be optimized, for which a wide range of tools has been
developed within the framework of the Lean concept;
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2) second-order wastes that can be removed from
the technological process altogether without reducing
the product or service quality (for example, the cost of
transferring the approved CEMS to an employee of the
scientific library (SL) for posting it on the website of
the SL).

In the traditional Lean approach to quality
management, there are 7 types of second-order wastes,

namely: overproduction, excess inventory, defects,
redundant operations and displacement in the
workplace, overhandling, downtime, unnecessary

product movements, and the recently added eighth type
of waste — loss of creativity by employees (George,
2003). But for service organizations, and especially for
HEIs, these wastes have a certain specificity, which is
due to the duality of the result of the HEI's activities: the
educational services delivery plus the educational and
scientific products generation.

Let's analyze the second-order wastes for the
process “Development of the EMS for the educational
process’:

1) Excess inventory during the development of an
educational product are transformed into partially
completed work: development of CEMS elements
without checking them for compliance with critical
characteristics of the process; development of CEMS
elements in advance without prior approval of the WP.

2) Overproduction is considered as the provision
of excessive functionality to the educational product:
oversaturation of the CEMS with information that is not
provided for by the content of the EP.

3) Re-execution of work: re-discovery and re-
processing of information that has already been used
during the development of the previous element of the
CEMS; after the development and approbation of the
CEMS - the reviewing.

4) Transportation can be considered as the transfer
of work to other performers: peer review of CEMS.

5) Unnecessary movements in the case of
educational service delivery or educational or scientific
product creating are considered as switching between
tasks: the transition from the development of CEMS to
teaching or research activities.

6) Waiting: time delays in the form of waiting a
review of the CEMS, approval of the WP and CEMS at
the meeting of the Department, EMC.

7) Defects: inconsistencies between the qualitative
critical characteristics of the educational product and the
normative values.

8) Loss of creativity by employees.

The discrepancy between the qualitative critical
characteristics of the process under study, for which,
according to statistical information, the unsuitability of
the educational product was revealed (inconsistency of
the CEMS content with modern scientific achievements
and practices and the non-compliance of the CEMS
design with the requirements of the regulations), was
caused by the human factor due to non-compliance with
the requirements of the NURE internal document

“Regulations on the complex for educational and
methodological support of the academic discipline” and
EP. Measures aimed at optimizing first-order wastes and
minimizing or even partially eliminating second-order
waste components are developed at the next stage of the
DMAIC cycle.

I (Improve)

The purpose of the Improve stage is developing
measures to bring the critical characteristics of the
process “Development of the EMS for the educational
process” to the target values, namely, that the number of
inconsistencies for all critical indicators is zero.

To identify the risks of each influencing factor and
develop precautionary measures, ISO 13063-2
recommends the use of the FMEA method [7].

The FMEA results for the factors influencing the
discrepancy between critical characteristics and target
values identified at the analysis stage are shown in Table 1.

The values of the parameters S, O and D are
determined by the expert method. The expert group was
formed by staff of the Department of IMT, NURE. The
degree of consistency of the scores was confirmed by
the calculation of the Kendal concordance coefficients
using the formula [8]:

We =~ : 3)

2(, 3 L
—m (n —n)—mZTj
12 =1

where m is the number of experts;

n —number of indicators;

d. — deviation from the average value of total points S ;

Tj — the sum of points duplicated by the j expert

3

1 .
Tj:E (fk —tk), where f, is the number of
=

indicators to which the j expert gave the k-th point.

To check the significance of the concordance
coefficient for n>7, the Pearson test is used. The null

hypothesis /, assumes that Wg is close to O (that is, the
opinions of experts are not agreed), and the alternative
hypothesis /, is that Wg is significantly different from 0

(the opinions of experts are agreed). The empirical value
of the Pearson criterion is calculated using the formula:

X =m-(n-1)-Wg . (4)
The calculated concordance coefficients and the

results of testing the hypothesis of agreement according to
the Pearson criterion for #=10, m=10 are shown in Table 2.

Since the critical value y . = 21.7 for n = 10 and

of 0.01 h, is

accepted), the consistency of expert opinions can be
considered proven. For the causes of inconsistencies
with the RPN value exceeding the critical value of
PRN.,, preventive measures must be applied without fail
(an unacceptable level of criticality has been identified).

the significance level (hypothesis
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Table 1 — Results of the process "Development of EMS for the educational process" FMEA

Ne Consequences of S| Potential cause of | O Methods for detecting| D [RPN| Measures to solve the problem
discrepancy discrepancy discrepancy
1 Discrepancy between the |10 |Development of the 4 |CEMS Testing for 3 {120 |Filling out the form during the
qualitative critical CEMS elements compliance with the author's development with the
characteristics of the without their current requirements of RD definition and justification of the
educational product and verification for and EP degree of compliance of the CEMS
the requirements of the compliance with critical elements with the criteria for the
RD and EP process characteristics product suitability
2 Discrepancy between the |8 |Development of CEMS |3 |Discrepancies may be (3 |72  |Filling out the form during the
CEMS content and WP elements in advance detected during the author's development with the
of the discipline without prior approval approval of the CEMS definition and justification of the
of the WP at a meeting of the degree of compliance of the CEMS
Department or EMC clements with the WP
3 Inconsistency of the 8 |Oversaturation of 2 |Discrepancies may be |3 |54 |Development of a form with the
criteria of volume, CEMS with detected during the definition and justification of the
content and program information that is not approval of the CEMS degree of compliance of the CEMS
learning outcomes with provided for by the at a meeting of the elements with the criteria of volume
the requirements of EP content of the EP Department or EMC and content
4 Discrepancy between the |10 |Retrieval and 4 |Moderately high 4 1160 (Structuring the development of
time of development and reprocessing of chances of detecting a CEMS elements by topics.
publication of CEMS information that has discrepancy Documentation of current
with the requirements of already been used processes. Consulting with other
the educational process during the development scientific and pedagogical staff
of the previous CEMS (SPS)
element
5 Discrepancy between the |4 |Time delays in the form|3 (Moderately high 4 148 |Exclusion of the review process
time of development and of waiting a review on chances of detecting a from the general cycle.
publication of CEMS CEMS discrepancy Implementation of the form with the
with the requirements of definition and justification of the
the educational process degree of compliance of the CEMS
elements with the criteria for the
suitability of the product, which the
author submits for approval of the
Department
6 Discrepancy between the |10 |Transition from the 3 |Itis very difficult to 8 |240 |Planning the workload of the
time of development and development of CEMS identify the risk of non- teacher, taking into account the time
publication of CEMS to teaching or research compliance of development of the CEMS.
with the requirements of activities Rebalancing operations within the
the educational process overall process according to the
Yamazumi methodology
7 Discrepancy between the |10 | Time delays in the 4 |Moderately high 4 1160 [Planning the workload of the SL
time of development and placement of CEMS on chances of detecting a employee
publication of CEMS the website of the SL discrepancy
with the requirements of
the educational process
8 Discrepancy between the |10 |Time delays due to the |5 |[Moderately high 4 1200 ([Planning the timing of the
time of development and approval of the CEMS chances of detecting a development of the current CEMS
publication of CEMS at the meeting of the discrepancy in order to synchronize the date of
with the requirements of Department and the approval or to hold an unscheduled
the educational process EMC meeting of the Department for the
purpose of approval of the CEMS
9 Discrepancy of CEMS |6 |The CEMS design does|5 |Discrepancies may be (3 |90 |Filling out the form "Compliance of
with the RD requirements not meet the RD detected during the CEMS with suitability criteria”". The
to the criterion of requirements approval of the CEMS use of specialized software for the
"design" at a meeting of the preparation of scientific documents,
Department or EMC for example, the LaTeX publishing
system
10 |Discrepancy with the 6 |Loss of creativity by |2 |Discrepancies may be |3 |36 |Filling out the form "Compliance of
criteria of "student- the teacher detected during the CEMS with suitability criteria .
centered approach", approval of the CEMS
"academic freedom", at a meeting of the
"modern scientific Department or EMC
achievements and
practices"
60 © 1.0. Moshchenko, O.V. Zaporozhets, 2024




Metrology and Instruments
Qualimetry and quality assurance

2/2024

MeTponoria Ta npunagu
KBanimeTpis Ta 3abe3neyeHHst AKOCTI

Table 2 — Concordance Coefficients and Values :

0,78 0,85 0,84 70,2 76,5 75,6

The critical value of the PRN,; set at the level of
100 points for processes that do not pose a threat to
human life and health. The risk diagram of ranked
causes of potential nonconformities is shown in Fig. 2.
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Fig. 2. Risk diagram of the causes of nonconformities
according to FMEA results

Based on the results of FMEA, it is necessary to
implement preventive measures to minimize the
occurrence of critical risks, namely:

1) Planning the workload of the teacher, taking
into account the time of CEMS development.
Rebalancing operations within the overall process
according to the Yamazumi methodology.

2) Planning the timing of the development of the
current CEMS in order to synchronize the date of
approval or to hold an unscheduled meeting of the
Department for the purpose of approval of the CEMS.

3) Structuring the development of CEMS elements
by topics. Documentation of current processes.
Consulting with other SPSs.

4) Planning the workload of the SL employee in
order to reduce the time of transition from the CEMS
delivery to the CEMS placement on the website of the SL.

5) Implementation of a form with the definition
and justification of the degree of compliance of the
CEMS elements with the criteria for the suitability of
the product, which the author submits for approval by
the Department. At the same time, it is possible to
exclude the review process from the general cycle.

C (Control)

After the implementation of measures to minimize
the occurrence of critical risks in the process under
study, it is necessary to control the results by
constructing the VSM taking into account the
implemented changes and calculating new critical
characteristics of the process. After the implementation
of the measures developed at the Improve stage, the
VSM took the following form (Fig. 3).

LA LA, M =

286h

Comemtrucsion of TMS camponents

200 bours [ Valoe sdding

g timel— 816 hours (Waiting tms)

TS firial design
38 hiours { Value-adding turme}s
130 bonrs (Waiting time)

Fig. 3. VSM after the implementation of optimization measures (developed by the authors)

The PCE, calculated according to the line of
chronology of the VSM, after the implemented
measures, was:

307,5

1848,5

PCE =

-100% =16,6%.

The complexity of the process “Development of
EMS for the educational process” has decreased: instead
of 12 subprocesses, 9 subprocesses remained, since the
subprocess “Peer review of CEMS” was eliminated and
the subprocesses “Adjustment of TMS”, “Design of
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TMS”, “Design of TMS documentation” were
combined, since they are consistently performed by the
certain SPS and in the same conditions. As a result of
scheduling the workload of the SPS in order to free up
time for consistent work on the CEMS up to 6 hours a
day and holding an unscheduled meeting of the
Department (on average during the week) for the
approval of the WP and CEMS, the calculated PCE
increased to 16.6 %, which exceeds the target value of
the PCE = 14.6 %. The measures were implemented
within the Department of IMT, NURE, but even without
reducing the time for waiting for the approval of the
CEMS by EMC and planning the workload of the SL
employee, the criterion of compliance with the time of
development and publication of the CEMS was met.
After the development and implementation of the
form with the definition and justification of the degree
of compliance of the CEMS elements with the criteria
for the suitability of the product, the SNI of the process
"Development of the EMS for the educational process”
reached 100%, that is, all the CEMS developed by the
SPS of the Department of IMT, NURE during the
academic year, met the qualitative criteria of suitability.
The calculation of the wupdated “Sigma
Coefficient” of process quality (target level Z 0)

does not make sense under these conditions, since the
number of CEMSs developed during the study period is

insufficient. To achieve the target value Z only one

value ~

value
educational product out of 32680 CEMSs may not meet
the suitability criteria.

To track the presence of deviations in a certain
interval from a given value in the LSS methodology,
indicators are used, which are individually set for each
process. For the process of "Development of the EMS
for the educational process", the indicators are the PCE
and SNI, which reflect the degree of compliance of the
process characteristics with the criteria of suitability.
According to DSTU ISO 7870-1:2016 Control charts —
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Part 1: General guidelines (ISO 7870-1:2014, IDT) the
stability of the process over time is monitored by
constructing Control Maps for each indicator.

5. Conclusion and agenda for future
research

In the article the possibilities of implementing the
LSS quality management model in HEIs are analyzed.
The practical implementation of the basic LSS
technology - the DMAIC cycle, with the help of which a
significant increase in the effectiveness of the HEI key
process “Development of the EMS for the educational
process” implementation was achieved. The reasons for
non-compliance of the process CTQC with the target
values were determined and analyzed. According to the
FMEA methodology, the risk priority analysis was
carried out and measures to minimize the occurrence of
critical risks were proposed. At the control stage, the
VSM was built after implementation optimization
measures and calculated the process efficiency
indicators.

As a result of the DMAIC cycle implementation to
improve the process “Development of the EMS for the
educational process”, an improvement in the process
performance indicators was obtained, which reflect the
degree of compliance of the process characteristics with
the suitability criteria, namely: the PCE increased from
11.3 % to 16.6 %, which exceeds the target value of the
PCE = 14.6 %, the SNI reached the target value of
100 %.

Prospects for further research are seen in the use of
DMAIC technology and other tools for implementing
the LSS quality management methodology to improve
the efficiency of all key educational and scientific
business processes during the development of the HEI’s
quality management comprehensive model in
accordance with the principles of modern International
and European standards in the field of education.
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TexnoJoris peanizanii MozeJi ynpasJinns sikicTio «Lean Six Sigmay B 3aKjiagax BHIIOI OCBIiTH.
YacruHa 2: AHaJIi3 HeBiINOBIAHOCTEH, BAOCKOHAJCHHS OCBITHBOI0 IIPOLIECY TA KOHTPOJIb CTAJOCTI NOIiNIeHb
1.O0. Mouenko, O.B. 3anopoxenb

AHoTamnis

OOrpyHTOBaHO aKTyaJbHICTh 3aCTOCYBAaHHSI HOBITHIX TEXHOJIOTIH yrpaBiiHHs SKICTIO, a came Meroznouorii Lean Six Sigma
(LSS) B 3abe3neuenHi sikocti ocBiTHROTO mpotecy B 3BO 3rigno 3 nacranoBamu JJCTY ISO 21001:2019 OcsitHi oprani3arii.
CucremMu ympaBliHHA B OCBITHIX oprasizamisx. Bumorun Ta HacraHoBu oo 3actocyBanus (ISO 21001:2018, IDT) ra
CraHmapTiB i peKOMEHAaIli 1moao 3ade3neueHHs SKOCTi B €Bporneiickkomy npoctopi Bumioi oceitd (ESG). IIpoananizoBaHo
CcydJacHHil cTaH po3poOieHOCTi mpobnemMH amanrtanii BHPOOHHYOOPIEHTOBAaHOI Mojeni ympasiiHHS sikicTio LSS mo ymos
¢byHkuionysanss 3BO B mpatsix 3aKOpIOHHHX Ta YKpaiHCbKHX HayKOBLIB. METO CTaTTi € aHaji3 yMOB BIIPOBAUKEHHS MOJE
LSS B 3BO 3 MeToro mingBuieHHs1 e(eKTUBHOCTI OCBITHIX Ta HAyKOBHX Oi3HEC-TIPOIIECIB Ta MPHKIIAJHA peatiallis TeXHOJIOTIH
LSS 3 ypaxyBaHHs1 0COONMUBOCTE#l YKpPaiHCHKOTO OCBITHBOTO cepemoBuIna. [IpakTHuHe 3HA4YCHHS CTATTi MOJIATA€E B IiJBHIICHHI
SIKOCTI HamaHHs ocBiTHIX mocayr B 3BO 3a gomomororo 3acrocyBaHHs LuKIy OesmepepBHoro mnodjimmenHs DMAIC Ta
incTpymenTiB LSS Ha npukiazni migBuineHHs e)eKTUBHOCTI peanizalii Kio4oBoro mporecy «Po3pobka HayKOBO-METOANYHOTO
3abe3neyeHHs OCBITHBOrO mporecy». BcranoeneHo kpurnuHi xapakrepuctuku CTQC ocsitHporo mnpomykry «Komrmieke
HayKoBO-MeToandHoro 3abesnedeHns (KHM3)». Buznaueno notousi ta ninbosi 3HaueHHss CTQC. 3aificHeHO KpUTHIHUH aHAII3
npuanH HesinnosigHocTelt CTQC niunboBUM 3HaYeHHSM 3a qonomoroio FMEA-ananizy Ta kapTorpadyBaHHS OTOKY CTBOPECHHS
LiHHOCTI. 3alpONOHOBAHO MPAKTHUYHI 3aXOIH OO0 MOKPAIICHHS SKOCTI mpouecy. Po3paxoBaHO MOKAa3HHMKH SKOCTI IPOLECY
micist BOPOBADKEHHS KOPETYIOYHX 3aXO/iB B OCBITHIN mporec. IlepcneKkTrBaMH JIOCIIKEHHS € 3aCTOCYBAaHHS TEXHOJOTIT
DMAIC ta iHmmX IHCTpYMEHTIB peaii3auii Mmerofonorii ynpapmiHHS sikicTio LSS s migBuimeHHS eeKTHBHOCTI Beix
KJIIOYOBHX OCBITHIX Ta HayKOBHX Oi3HEC-TPOLIECIiB B paMKax PO3pOOKH KOMIUIEKCHOI Mozeni ynpasiiHHs skicTio 3BO 3rigHo 3
NPUHLUIAMA CyYacCHUX MDKHAPOIHUX Ta €BPOIEHCHKUX CTAHAAPTIB B Tasly3i OCBITH.

Kumrouogi ciioBa: Lean Six Sigma, 3aknanu Bumioi ocsity, 6i3nec-nporec, CTQC, uukia DMAIC, Mana noTtoky CTBOpeHHS
ninnocti, FMEA.
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