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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.



Metrology and Instruments
General metrology

2/2024

MeTponoria Ta npunagu
BaranbHa meTponoris

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).

METHOD

MEASURING

OBJECT INSTRUMENT

SUBJECT

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.

),
m

OBJECT SUBJECT

MEASURING
— —| INSTRUMENT < _

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).

WETHOD
MEASURING
e J_\INSTRUMENyg_ > sussect

INFLUENCE FACTORS

OBJECT

A

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
RESULT

VALUE +

UNCERTAINTY
INTERVAL

i

OPERATOR

METHOD
EFERENC

Fig. 6. Measurment process and its elements in calibration

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.

RESULT=
DECISION

PASS/FAIL+
RISK

SUBJECT

METHOD

MEASURING

’ OBJECT INSTRUMENT

’ it

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
MEASURING
e JRINSTRUMEN]j_ | susJEcT

INFLUENCE FACTORS

OBJECT

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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JOCJIKEHHS METOAY BJUKOJMHUX KOJOHIN ITPU
ONTUMI3ZALII TVIAHIB BATATO®AKTOPHUX EKCIIEPUMEHTIB

M./I. Komosuii, /I.B. Kypakcin

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

AHoTauis

CTaTTIO TOPUCBIYCHO BHUBUCHHIO €(EKTHBHOCTI METONY OKONMHHX CiMeH Yy KOHTEKCTI ONTUMi3amii IUIaHiB
OararodaktopHux gochiaiB. HaBeneni npuknaan epeKTHBHOCTI MeTOMy OMKOIMHOI KOJNOHII pH onTuMi3amii 6araTohakTopHUX
EKCIIEPUMEHTIB B MOPIBHIHHI 3 IHIIMMHU METOJaMH ONTHMi3auii. ¥ 1iif CTaTTi HArOJIOIIEHO Ha BUKOPUCTaHHI METOLY OKOIMHUX
KOJIOHIH SIK €(peKTUBHOIO 3ac00y ONTHMI3alii M1aHiB 6araroGpakTOPHUX EKCIIEPUMEHTIB.

VY cTaTTi eTanbHO PO3MIIAAAETHCS AITOPUTM OJIKOIMHUX KOJIOHIH, HOro cXxema Ta pealtisallisi y BUMJIS/I porpamMu Ha MOBI
nporpamyBanus C#. ABTOpH NpuUBOIATH croerudidHi NMPUKIAAA 3aCTOCYBAHHS alrOPUTMYy Yy Pi3HUX cdepax, Takux siK,
BHUXPOCTPYMOBHIA [IEPETBOPIOBAY, OCIIIKEHHS IPOIECY BUMIPIOBAHHS IIUILHOCTI CTPyMy rajbBaHIYHUX BaH Ta aHAJI3 IUITHKH
BEpCTaTOOyJIBHOTO LIEXY 3 YMCIOBUM MIPOrPAMHHIM KEPYBaHHSIM.

Ctarts po3riasgae MPOAyKTUBHICTH METOAY OMKOIMHUX KOJOHIM mpu OaraThox (akTopax eKCICPHMMEHTY, 30KpeMa IIpu
301IbIIEHH] TX KUIBKOCTI. ABTOPH POOJIATH OIJIA[ TOYHOCTI PE3yJILTATIB Ta INAKPECIIOIOTh 3HAYEHHS YBa)XHOrO BHOOpY
mapaMeTpiB Ta HEOOXiJAHOCTI BHCOKOI IMOTY)KHOCTI KOMIT'IOTEpa [UIsl JOCSATHEHHS ONTHMAJIBHUX DPEe3yJbTaTiB y HAyKOBHX
nociipkernsx. s crarts Gyie KOPUCHUM iHCTPYMEHTOM JJisl BAEHHX i IIPAKTHKIB, 10 IIYKAIOTh CHOCIO MOKPAIUTH PE3yIbTaTh

6araTo(hakTOPHUX EKCIIEPUMEHTIB Y Pi3HHX Taly3siX HAyKH i IPOMHUCIIOBOCTI.
Knrouosi cioBa: MeTon OKOMMHHUX KOJIOHIM, MOCIIDKEHHS, €KCHEPHMEHT, NPOTrpaMyBaHHs, [TapaMeTpH, ONTHMIi3alis,

BapTICTb.

1. Beryn

I3 3pocraHHsSM I[iH Ha peCcypcH Ta TOBapu
BaKJIMBICTh ONTHMI3allli BUPOOHUYMX IIPOILECIB CTaE BCE
akTyanbHimow. KokeH Oi3HeC mparHe 3ajIMIIaTHCS
KOHKYPEHTHHM, CKOPOTHUTH BHTPAaTH 1 BHPOOHHYY
LIHHICTh, 30UIBIINTH IIPOIYKTHBHICTE 1 €(PEKTHBHICTD.
Ile o3Havae onTUMAalIbHE 3IHCHEHHS KOXXHOTO KPOKY Y
BUPOOHUIITBI, BiJ IOCTAHOBKMA 3aBJaHb O BHIIYCKY
TOTOBOI NPoayKIii. OTke, BAXKIMBICTh ONTHMI3allii 4acy
Ta PECYPCIB HAJIEKHUThL [0 OCHOBHHUX Y IOCIIIKEHHI
OaraTo(hakTOPHHUX EKCIIEPUMEHTIB Y cepi BUpOOHHIITBA.

Ile TakoX NPHU3BOMMTH IO MOTPEOM 3HAXOMHKCHHS
HAMOUTbII e(PEKTUBHOrO CrHOCOOy ONTHMI3alli IUIaHiB
GararodakTopHux ekcriepuMenTiB[1-3]. Mu mociimKyeMo
mporiec  YIAOCKOHAJICHHS  IUIaHiB  Oarato(akTopHUX
€KCIIEPMMEHTIB 3 ypaxyBaHHSIM BHUTPAT 4acy i KOILTIB.
JloCIiIKy€eThCS METO, BUKOPHCTAHHS OJ>KOJIMHOT KOJIOHIT
I ONTHMI3amii BHUTpPAT dYacy Ta KOIITIB y IIaHAX
OararopakTOpHUX  EKCIEPUMEHTIB  Ta  BiJMOBIIHE
nporpaMHe 3a0e3nedeHHs A1 poro. Haromw OCHOBHOMO
METOI0 € CTBOPEHHsS METOAY OJ/UKONMHHUX KOJOHIA 1
BIJIIIOBIJHOIO  MPOrPaMHOr0  3a0E3MEYCHHS,  KHOro
BIIPOBA/DKEHHS VIS aHAJI3y TEXHOJOIIYHUX IMPOLECIB Ta
OI[iHKA HOro pPe3ybTaTUBHOCTI.

Ha gaHuii MOMEHT iCHy€ BeIHKa Pi3HOMAaHITHICTh
CIoco0iB  omTMMizamii  IUIaHiB  0OararohakTOpHUX
ekcriepuMeHTiB. JIJIg MOKpalleHHs LUX IUTaHIB MO’KHA
BHKOPUCTOBYBATH aJrOPUTMH, 3rajiaHi B JOCIIIKEHHSIX
[4-6]. Koxen 3 mmMx migXomiB Ma€ CBOi IepeBarn M
HEJOJIKHM, a TaKOX BIIACHY CHENH(PIKy BHKOPHCTAHHS.
BinbIricTh METOIB, SIKi BUKOPHCTOBYIOTHCS IS MTOIIYKY
HAaOJIDKEHHSI ~ ONTHMAJIbHOI ~ MATpUIll  IUTAHYBaHHS,
3a3HAIOTh MPOOJIEMH 3 TOTIPIIEHHSIM TOYHOCTI PIllIEHHS
Ta 30UTBIIEHHSIM Yacy Ta OOYHCIIOBAIBLHOI MOTYKHOCTI
mpu 301TBIICHH] YKcia PaKkTopiB.

TakuM 4YMHOM, IOTPIOHO CTBOPUTH METOH, SIKHN
JIO3BOJIUTH MPALOBATH 3 OLIBIIOK KiIBKICTIO (haKTOpIB,
OTPUMYBATH ONTHMAJIBHUI IUIAH €KCIICPUMEHTY IIIBUIIIIIEC
Ta 3 MEHIIUMH OOYMCITIOBAJIBHUMH BHTpaTaMu. Y LLOMY
3B'SI3KY PO3IISAAETHCS MOMKIIMBICTD 3aCTOCYBAHHSI METO.LY
OPKOJIMHOI KOJIOHII.

2.Meta cTarri

V¥V cydacHoMy cBiTi 0araroakTopHi eKCIIepuMEHTH
CXWIBHI JI0 30UIbLIEHHS KUILKOCTI (DAaKTOpiB, OTXKE
HeOoOXiJHa aBTOMAaTH3aLls Ta ONTHUMI3alis. 30UIbIIEHHS
KUTBKOCTI (haKTOPIB MOXKE MPU3BECTH O 3OLIBIIEHHS
WMOBIpPHOCTI TOXHOKH, TOMY HEOOXIJHO PO3POOHTH
aJITOPUTM, SIKMH TIPH BENMKIH KITBKOCTI (DaKTOPIB 3MOXKE
3HAWTH PIllICHHS MPH HAMMEHIIIH HMOBIPHOCTI MMOXUOKH.
OTKe, IUIAHYETHCS CTBOPMTH METOZ  ONTHMI3aril
ODKONMHMX ~ KOJIOHIH  JUIA  TOKpAaIIeHHs  IUIaHIB
OaraTo(hakTOpHUX EKCIIEPUMEHTIB.

3.Buxjaa oCHOBHOI0 Mmartepiaay

Anroput™m METOLY 6mK0IMHOT KOJIOHI1
BUKOPHCTOBYETHCS I PO3B'sI3aHHS 3a/1a4 ONTUMI3allii
Ta MOXe OyTH peaji3oBaHUN HACTYITHUMH KPOKAMHU.

Iuimianizanis.

Kpok 1.

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

Kpok 2.

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

Hukn itepamiid. [ KOXKHOI iTepartii (MOKOIIHHS)
KOJIOHIT BUKOHYIOTHCSI HACTYITHI KPOKH.

© M.J. Komogwii, /I.B. Kypakcin, 2024
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Kpox 3.

[epemimuenns Ompkin. Yci Gmkonu 0OMpPaOTH
HACTYIHHH KPOK Ha OCHOBI BHITaJKOBOI TEHEpalii.
[Ticnst po3paxyHKy 3HaXOIUTHCS HaMKOpOTHIMH Ta/abo
HaliIemIeBIIHiA IepeXiT i 3armaM’ ITOBY€ThCS.

Kpok 4.

Touka cTapTy ycixX OIKiI IepeMilIyeThcs Ha TUTBKU
1110 3HalIeHNH nepexij] Ta NoBToproeThest Kpok 3.

Kpox 5.

3aBeplieHHs iTepauii Ta OLIHKa pPO3B’S3KY.
ITepariisi BBa)KaeThCsl 3aBEPIICHOI0 B TOMY BHIIAJIKY,
Ko Omkonu mpodnnm yci psaaku Marpuui. [lo
3aBEpIICHHIO 30epiracTbcsi pe3yNbTaT, SKAN IOKa3ye
BapTicTh 200 YaC BUKOHAHHS IJIAaHY CKCIIEPUMEHTY.

[kt mopiBHSAHHSL.

Kpoxk 6. BuOip kpamoro po3s's3ky. OOpaHHs
HaKWKpamoro po3B's3Ky, 3HAWJEHOro NPOTArOM YCiX

iTeparii.

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

Po3pobmeHo  mporpamHe  3a0e3medeHHs, IO
peaitizye METO CHHTE3y ONTUMAJIbHUX 3a BapTICHUMU
(dacoBuMHM) BHTpaTaMH IUIaHIB 0aratoakToOpHOTO
EKCIIEPUMEHTY METOJIOM OKOIMHOI KoJoHil. MoBa
nporpamyBaHHs — C#.

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

Jns PO3paxyHKy TIPHUKIIA/IIB OyIyTh
BUKOPHCTOBYBATHCh HACTYIIHI ITApaMETPH MPOTPaAMH:

- KinpKicTh 0pxin 230;
- KUTBKICTB iTepartii 500;
- KUIBKITBH CycCiaiB 5.

Cxemy poOOTH anropuTMy OJDKOIHHOI 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
TlepeMillleHHs =3t 3apepIIeHHS [0 —> OITHMATEHOTO
TOYOK CTapTy iTepamii P au.xoro :
PO3B'A3KY HUIExy

Cnem

Puc. 1. CnpomieHa cxema poO0OTH alropuTMy OPKOIMHOI KOJIOHIT

Pesyneratu onrtumizamii. [l mpukimagy Oyia
MpOBEe/IcHA ONTHMI3allisl IDIaHIB  0aratopakTOpHUX
€KCIIEPUMEHTIB JUIsl Pi3HUX 00 €KTIB.

Ipuxnan 1. BuxpocTpymoBuii nepersoproBay

[t BUXpOCTPYMOBOTO MepeTBOpioBada  OyJio
ONTHMI30BaHO TIOYaTKOBHH IUIaH OaraTogakTopHOTO
EKCIIEPUMEHTY, JIaHi 3Be/ICH1 y pHc. 2.

Bupimenns Oymno 3HaiineHo 3a 50 cekyHI.

Mpuxnan 2. JocaixkeHHs npouecy BUMipIOBaHHS
INUIBHOCTI CTPYMY r'AJIbBAHIYHUX BaH

OnrTuMmizanito MoyaTkoBOTrO IUIaHY E€KCIEPHUMEHTY
MpHU JOCTIHKCHHI MPOIeCy BUMIPIOBaHHS IIUTBHOCTL
CTpyMy TaJbBaHIYHMX BaH MIPDHHUMH JaTYHKaMH
NPOBEJCHO 32  KPHUTEpiEM  CyMapHOi  BapToCTi
npoBeaeHHs. [laHi 3BeJIcHI y puc. 3.

Ha po3paxyHnok 3Hag00mmocs 126 cexyH.

Mpuknag 3. JdociaigkeHHsi OUVISIHKH BepcTaTo-
OyniBHOrO mexy 3  YHCIOBHM  INPOrPaMHHMM
ynpaBJIiHHAM.

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

Ha Bupimenns 3anadi nporpami 3uagodunocs 149
CEeKYHII.

250
204,5
200
150
100 101,8
60.1 56
) I I I Si
0
IMouatkoBHit  MeTon Metoxn Metox  Mertoxa xoxy
cTaH BHmankoBoro Taby-  OMKOIHHOL Tpes
MOMYKy  IOMIyKYy  KOJOHIl

Puc. 2. BaprocTi (yMOB.0/I.) ONTUMi30BaHUX
3a Pi3HUMH METO/aMHU IUIaHIB 6araToakTopHOTO
€KCHEPUMEHTY JUIS JOCIIKEHHS BUXPOCTPYMOBOTO
NIepeTBOPIOBaya
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200
174 250 251
160 215
200 201
120 178
97
150
80 73 67
) I I ;
0 _ 50
ITouarxoBmii  Meton Meton Taby
IIaH HOMIYKY  GKOMMHOI  pomyk
303y.11i KOJIOHIT 0 TMouaTkoBHIT Merton Meron Meron
) . . cTaH obMmexxenoro  OmxomHHOT HOLIYKY
Puc. 3. Baprocrti (yMOB.OA.)ONTHMI30BaHUX 32 Pi3HIMHU nepeGopy KOIIOHi{ 303y

METOJaMH IUIaHIB 6arato(h)akTOPHOTO EKCIEPUMEHTY IS
JIOCITIKEHHS TIPOLIECY BUMIPIOBAHHS IUIBHOCTI CTPYMY
rajbBaHIYHUX BaH

Puc. 4. Yacwu peanizamii (roauH) ONTUMI30BaHUX 32
PI3HUMH METO/IaMH IIJIaHIB EKCIIEPUMEHTY IS TOCIiKSHHI
IUSTHKHE BepCTaToOYAIBHOTO LEXY 3 YHCIOBHM MPOrpaMHUM

YIpaBIiHHIM

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

3 pe3ynbTaTiB €KCHEPUMEHTIB BUIHO, IO METOJ  HEOOXiJHICTh TapHOi MOTYXHOCTI KOMII'IOTepa, Ha
O/DKONMMHOT  KOJIOHIi JIOBOJi  HEMOTaHO 3HAXOAWTh  fAKOMY OyIyTb mpoBoauTucs  pospaxyHku. Ciin
ONTHUMAJbHE PILICHHS, B CEPEAHLOMY TIOKPANICHHs  3a3HAYNUTH, IO SKIIO MIJINTH 10 BHOOpY mHapaMeTpiB
craHoBuTh 13-17% B KOXKHOMY 3 HAaBEJICHHMX MPUKIALiB.  OLIbII 3BAKEHO (B 3aJ€XKHOCTI Bif NOTPiOHOI TOYHOCTI
Merton GKOJIMHOT KOJIOHIT BUTpayae JOBOJII Oarato  pO3paxyHKiB), 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.
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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).
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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.
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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).

Brok nam’ari

Basa suank

briok konTpoaio

\Cnpui‘mn'nn
O

pillieHb

Cepemornime

X Briok peanizanii

Moy

YOparIiHHA

Bizms

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
BUKOPHCTOBYIOUH eKCIIepPTHI 3HaHHA OyyTh
BUKOPHCTOBYBAaTH BiJIIOBITHI ANrOPUTMH UL

(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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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
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HOBMI IMIIXIJI IO BCTAHOBJEHHSA HOPMATHUBHOI'O
3HAYEHHSA XAPAKTEPUCTHUK BJIACTUBOCTEHN OB'€EKTA
BUITPOBYBAHD

A. Kopo6ko, O. Kocroscrkuii, K. Cypikko

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

AHoTauis

B crarTi po3pobiieH0 MeTOo/ BCTAaHOBJICHHSI HOPMAaTHBHUX (HOMiHAJIBHUX) 3HAYCHb XapaKTEPHUCTHUK BIACTHBOCTEH 00'ekTa
Opy po3poOLli HOBUX METOAIB BUIPOOYBaHb 0a3yeThCsl HA BUKOPUCTAHHI MOXHOOK i HEBU3HAYEHOCTI BUMipIOBaHHS. BBeneHo
HOHSTTSI METPOJIOTTYHOTO JIOMYCKY, CYTh SIKOTO IHTEPBAJI B MEXKaX SKOI'0 BBAXKAETHCS, 110 NOKA3HUK BIANOBIa€ IEBHOMY PiBHIO.
OKpeMoro JOCIIDKeHHs MOTpeOYIOTh NMUTaHHS OOIPYHTYBaHHsS B3a€MO3B’SI3Ky TOYHOCTI i HEBH3HAYECHOCTI BUMIDIOBAaHHS Ta
(haKTHYHHX YHCIIOBUX 3HAUCHb PE3YJIbTATiB BUMIPIOBAHHS Ta OOTPYHTYBaHHS MOKA3HUKIB BaJIialii MeTomy

KurouoBi c;10Ba: HOpMyBaHHS NIOKa3HUKA, METOJ BUIIPOOYBaHH, METPOJIOTIUHNH TOITYCK, HEBU3HAYEHICTh BUMIPIOBaHH,
CTaHJapTH3allisl, OILiHA BiJIOBIJHOCTI, MOIEPEAHs Cepis BUMIPIOBaHb, OCHOBHA Cepis BHUMIpIOBaHb, JOIYCTHME 3HAUYCHHS,

JIOITy CTUMHH 1HTEPBAIL.

1. Beryn

OpnHi€elo 3 OCHOBHMX (IIEpIIOYEPTOBHX) 3a1ady B
YMOBaxX TEXHIYHOTO PETYJIOBAaHHSI € PO3poOKa HOBHX
(cy4acHux) MeToiB BUIIPOOyBaHb. L[ ymMoBa BUTIKaE i3
YMOB HAyKOBO-TEXHIYHOTO IIpOrpecy Ta Cy4acHOro
PO3BHUTKY TEXHIKH 1 3aCO0IB KOHTPOIIO ii TEXHIYHOTO
crany. IcHytoui meroam BUIpoOyBaHb € HaIiHUMHU.
[Mpore, B nesKMX BHIAIKaX, 3aCTOCOBYBaHI 3acoOH
BHMIPIOBAJIFHOI TEXHIKH, BUIIPOOYBaIbHE YCTATKOBAHHS
i caMa MeETOIWKa BHIIPOOYBaHb HE BIJIOBIIAIOTH
00’exkty  BuUmpoOyBaHb. ToMmy o0coOIHMBY yBary
HEOOXiHO NpUALIATH po3poOlll HOBHX METOIB 1
METOAMK BHIIPOOyBaHb. HayKkoBO-TEXHIUHUI Mporpec
3yMOBIIIOE ~ TIOSIBY ~ HOBHX  IOKa3HHKIB, 110
XapaKTepHU3YIOTh SAKICTh MpoayKiii. 3okpema, [1], [2] Ta
iHIII. A e B CBOIO 4epry BUMarae po3poOKH HOBHX
METOZIB BHUIPOOYBaHb 1 MPOEKTYBAHHS BiAIOBIIHOTO
BUIIPOOYBAJILHOIO ~YCTaTKOBaHHA. B Tomy umcii,
aKTyaJbHUM € THTaHHS HOPMYBaHHS BH3Ha4yBaHHX
MMOKA3HUKIB, TOOTO BCTAHOBJIEHHS IXHIX HOMIHAILHUX
3HaYeHb, a TAKOX METPOJIOTIYHOTO IOMYCKy Ha IIi
3HAQUEHHs Ta JIONYCKYy 3a BEIMYMHOIO  SKOTO
BHTIPOOyBabHI  Jabopatopii 3MOXYTh  TNIPHHMATH
pillIEHHS TIPO BiIOBIAHICTD MPOAYKIil BUMoram [3].

B cTaTTi 3ampOonOHOBaHO METOJX BCTAHOBICHHS
HOPMaTHBHUX (HOMIHAJBHUX) 3HAU€Hb IOKa3HHKIB
00’ekTy BHIIPOOYBaHb TpPH PO3POOIIl HOBHX METOJIB
BUIIPpOOYBaHb, 3  ypaxyBaHHSIM  METPOJIOTTYHOTO
JIOITYCKY Ha MOXHOKY 1 HEBU3HAYEHICTh BUMIipIOBAHHS.

2. AHaJi3 oCcTaHHIX myOaikamin

IIpu po3poOii HOBHX METOHIB BHIIPOOYBaHb i,
BiJINIOBiTHO, pO3p00Ili HOBUX MOKAa3HHUKIB €(DEKTUBHOCTI,
3a SIKUMH OyZe OLiHIOBAaTHCH (PaKTHIHHUHA CTaH 00’ €KTIB
BUIIPpOOYBaHb,  IIOCTA€  IUTAHHS  BCTAHOBJICHHSA
iHTepBally 3Ha4YeHb B SKOMY 3HAUCHHS IOKa3HHUKa, L0
KOHTPOJIIOETHCS Oyzie BIANOBINATH MEBHOMY piBHIO [4].

I[ln 3agmawa crae aKkTyallbHOI, OCKUIBKM  yci
BUMIPIOBaHHS CYNPOBOKYIOThCS TIEBHUMHU NOXHUOKaMH
1 HEBU3HAUYCHICTIO.

3 BBeleHHsIM B Ait0 TexHiuHOro periiameHty [5] Ta
iMITIEMeHTaIier 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  ZI03BOJATH 0€3 BIpYYaHHS Yy
KOHCTPYKIII0 MallWHU JaTH IOIEpenHi BUCHOBOK IIPO
TeXHIYHMI CTaH il BY3JB 1 HazaTH peKOMEHJaIli Hpo
HalpaBJIeHHs ~MAaIlMHA Ha TOJAIbIIE  KOHKPETHE
oOcTekeHHsI. [HIIMM acleKToM LbOTO MHTAHHS € Te, IO
METOJM BUIIPOOYBAaHb MAIOTh «IiTH B HOTY 3 9aCOM» MO0
po3BuTKy camoi TexHiku [7]. Kpim 1poro, B ramysi
BUMPOOyBaHF HAOyBalOTh TIIOMYJSIPHOCTI TaKk  3BaHI
«pokyc-tect». lle BumpoOyBaHHS 3 BH3HAYCHHS
KOHKPETHOTO ITOKa3HHKa (TIOTOKEHOTO 13 3aMOBHHAKOM), 3
METOI0 BUCBITJICHHSI CIIOXKHMBUHMX SKOCTEH MaivHu abo il
Oe3meyHocTi. AKTYaJbHICTh IHOTO HAMPSIMKY PO3BUTKY
BUINPOOYBaHb MIATBEPIKYETbCS 1 TeMaTUYHUM TUTAHOM
HAayYKOBO-BHIIPOOYBAIBEHUX POOIT YKPaiHCHKOTO HayKOBO-
JIOCTIZIHOTO 1HCTUTYTY IPOTHO3YBAaHHS 1 BUIPOOYBaHHS
TEXHIKA 1 TEXHOJOTIH VI CUIBCHKOTOCHOAAPCHKOTO
BupoOHunTBa imeni Jleonima [Iloropimoro «HaykoBi
3acamd TIOBOEHHOTO BIHOBJICHHS Ta €BpOIHTerpamii
arporpoMHUCIIOBOr0 KOMILTEKCY YKpainm» Ha 2023-2025
POKH, 3aTBEepUKCHUM MIHICTEPCTBOM arpapHOi MONITHKA
Vkpainn.  Cmin  3ayBakutH, 10  (DOKYC-TECTH,
371eOUTBIIIOT0, TIPOBOSITHCS 3a He3acTaHIAPTH30BaHUMH
METOAAMM 1 METOIUKAMH.

Ha  cooromuimmii  JOeHb  NEPCHEKTUBHUM
HaNpsIMKOM PO3BUTKY BHUNPOOYBaHb MAIIMH € METOJ
napriagpHuX Tnpuckopenb [8]. Lle#t meron BigHOCHO
MPOCTHI Y BUKOPHUCTaHHI i 0a3yeTbcsi HA MPHUHIUIAX
KiHemonnHaMiku. KpiMm 1poro peamizamis MeTomy
nmapIiaTbHAX MIPUCKOPEHB MIPOBOIUTHCS i3
BUKOPHCTaHHSIM Cy4YacCHHX 3ac00iB BUMIpIOBAaJIbHOL
TexHiku Ha ocHOBI MEMS-texnouoriii [9, 10].

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

MUTAHHIO OLIIHIOBAHHS  BIJMOBIMHOCTI TEOPETHYHOI  Taly3eBilf HOPMATUBHIN JOKyMEHTALIl.

MOZeNi  BHMIpDIOBaHb  EKCIHEPHMEHTAIBHIH,  II0 KoyxHe BUMIpIOBaHHS CYIPOBOJKYETHCS IEBHOIO

3aCTOCOBYETHCS ~TPU  po3poOLi  HOBMX  METOHiB  IOXMOKOIO i HeBU3HaUeHicTIo. [IpuunHy iX BUHUKHEHHS

BunpoOysans [11, 12] Ta muraHHi0 po3poOKu  JOCTaTHLO JoOpe omMcaHi y Bimomill miteparypi.

aTBTEPHATUBHHUX TOKA3HHKIB OILIHIOBAHHS CITiBITA[IHHS
pe3yJbTariB BHITPOOYBaHb [13] Ha  OCHOBI
HEBU3HAUCHOCTI BuMiproBaHHs [14]. B poborax [15],
[16] 3pobneHo akmeHT Ha TOMY, II0 HEBH3HAYCHICTH
BUMIpIOBaHHS € e(EeKTHBHUM IHCTPYMEHTOM JUIA
po3poOKKM  TpaBWI  NPUAHATTS  pIIEHP Ky
nma0opaTOpHIl MIsUTFHOCTI, 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 HOPMAaTHUBHUX 3HA4YeHb XapaKTEPHCTHK
BJIaCTHBOCTEH 00'ekTa BUIPOOYBaHb i METPOJIOTIYHOTO
JOIYCKYy Ha iX BEJIMYMHY 3 ypaxyBaHHS ITIOXHOKH i
HEBH3HAYEHOCTI BUMiPIOBAHHS.

JInst AOCATHEHHS TIOCTaBIIEHOT METH HeoOXiJTHO
pO3pOOUTH  aNTrOPUTM HOPMYBaHHS MOKa3HUKA 1
BCTAQHOBJICHHS METpPOJIOTIYHOTO JIONYCKY Ha HOro
BEJIMYMHY 3 ypaxyBaHHSM IHOXHWOKH i HEBH3HAYEHOCTI
BHMIipIOBAaHHS.

3. Aaroputm BCTAHOBJICHHS
HOPMATHBHOIO0 3HAYeHHs MNOKAa3HMKA i
METPOJIOTIYHOTI0 JOMYCKY

Excrmyaraniss MOOUIBHMX MamIMH B pI3HUX
rajgy3sx CyIPOBOKYEThCS BHCOKMMH 3aTpaTaMH Ha
miATpUMaHHS iX Tpane3faTHOro CTaHy HpPOTATOM
yChOTO  TepMiHy  crmyxOm. [Jma  migBumIeHHS
e(peKTUBHOCTI ~ BUKOPUCTA@HHS MOOUIBHUX  MAalllUH
po3pobieHi Meromu 1 3acobu BunpoOyBaHb, SKi
3aCTOCOBYIOTh K IPU TEXHIYHOMY OOCIIyroByBaHi i
micns  peMOHTY, Tak 1 B SKOCTI  CaMOCTIHHOTO
TEXHOJIOTIYHOTO  TpOLeCy  Hpu  MiATBEpKEHHI
BIAIIOBIAHOCTI.

BaxnuBuM ~ eramoM  po3poOKM  CHUCTEMH
MiATBEPIKEHHS BiATIOBIAHOCTI IIISIXOM BUIPOOYBaHb €
OOIPYHTYBaHHS 1 BH3HAYCHHS HOPMATHUBHUX 3HAa4YeHb
MMOKA3HUKIB TEXHIYHOTO CTAaHy MAaIlWHU B MUIOMY 1 ii
OKPEMHUX €JIEMEHTIB, IO 3a0e3MeUyI0Th «IOCTAaHOBKY
JiarHO3y» TEeXHIYHOTO CTaHy. Jl0o HOpPMaTHBHHX
3Ha4Y€Hb BIJIHOCSATH HOMIHAIIbHI, TPAHUYHI 1 JOIMYyCTUMI
3HadeHHs [17]. HomiHanmbHI 3HAaYeHHS BiIIOBITAOThH
HOBUM, TEXHIYHO-CIIPaBHUM MalllWHaM, arperaram,
By3JlaM, eJeMeHTaM. [ paHW4YHE 3Ha4YeHHsS IapaMmeTpa
BIAMOBia€ ~ TakOMy  CTaHy, KOJM  HOZAAJbIIa
eKCIUTyaTallii CTa€ TEXHIYHO HEMOXJIHMBOIO abo
E€KOHOMIYHO  HeIOoUIbHOI. JlomycTnMmi  3Ha4YeHHS
ABISIIOTE  COOOK0 TpaHWYHE 3HAYCHHS, 3a SIKOTO
3a0e3meuy€eThCs 3alaHui abo €KOHOMIYHO
ONTUMAIIGHUN  piBEHb HMOBIPHOCTI  BIIMOBH  3a
MIDKKOHTPOJILHOTO  HampaiioBaHHs. HowiHangpHi 1
TPaHUYHI ~ 3HAYEHHS  CTPYKTYpPHHX  I1apameTpis

HeBusnaveHicTh  BHUMIpPIOBaHHA — L€  IapaMmerp
BUMIpIOBaHHS, IO XapaKTepu3ye IHTepBal 3HAYEHb
MOKa3HUKa, W0 BUMIPIOEThCS, SIKi OOTPYHTOBAHO
MOXYTb, 3 TIEBHOIO HMOBIpHICTIO, OYyTH HpUIHCaHI
BEJIMYUHI, IO BUMiproeThes [14] (puc. 1).

rpaHn4yHe }3Hal-IeHHﬂ

Aonyctme 3Ha4eHHA

HOPMaTUBHE 3Ha4YeHHA

HEBM3HAYEeHICTb BUMIPIHOBAHHA

Puc. 1. HeBu3HadeHiCTh BUMiIpIOBaHHS 1 3HAYCHHS
MOKA3HMKA, 1[0 KOHTPOIIOETHCS

ITix yac BCTaHOBJIEHHsSI HOPMATUBHOTO 3HAYEHHS
XapaKTepUCTHK BJIACTUBOCTEH 00'ekTa BHUIPOOYBaHB,
HEOOXiTHO KamaTw, 00 HEBU3HAUYCHICTH Oyia
skHaMeHmow. IIpote, B cuiy Jif0 BHIIaJKOBHX
00’€KTUBHUX 1 Cy0’€KTUBHUX NPHYHMH, HEBU3HAUCHICTD
3aBkIu  3anumaeTbes.  CyO’€KTHBHOIO  OCHOBHOIO
NPUYMHOIO  HEBU3HAYCHOCTI  (PO3KUIY BUMIPSIHUX
3HAYCHb BIiJ JOCHINY 1O AOCIHiAy), NMPH HPOBEICHHI
BUTIPOOYBaHb € «BHIPOOYBaw». ToOTO mMOAWHA, IO
3MIHACHIOE BUMPOOYBAaHHS 31 CBOIMH iHIWBIAyalbHUMH
(Hi310JIOTIYHIMH MOMIIMBOCTSMH H ITOCBIOM T dYac
MIPUBEICHHS B AII0 OPTaHIB KepyBaHHS MaIlMHU. MeHII
BIUIMBOBUM (haKTOPOM Ha HEBH3HAYCHICTh I dYac
JIMHAMIYHUX BUIPOOYBaHb MOOUILHHX MAIIHH € J0pora
a00 QoH Ha SIKMX IPOBOJATHCS BUIIPOOYBAaHHS Ta CTaH
Kouslic MamuHU. OOIPYHTYBaTd BUMOTH JO AOPOTH i
KOJIIC MOXJIMBO, TpOTE€ HE 3aBXKIU MOXJIHBO
3a0€3MEYNTH MTOBHY BiITBOPIOBAHICTB X BUMOT.

BBeneMo NOHSTTS — METPOJIOTIYHUI JOMYCK — 1€
IHTEpBaJ B MeEXaX SKOTO BBAKAETHCS, IO IOKa3HUK
BiJINIOBiJJa€ IEBHOMY PiBHIO.

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

— OOTpyHTYBaHHS METOAYy ¥ METOAWKH HOro
peaitizarii;

— IomnepeHs cepist BUMIPIOBaHb!
eKCIIepUMEHTAlIbHE BCTAaHOBIICHHS IOIEPEIHIX JaHUX

MOJ0 XapaKTePUCTUK TOYHOCTI Meromy  (OIiHKa
pe3ynpTary BHUMIPIOBaHHS, HEBU3HAYEHICTH
BHUMIPIOBAaHHS, IMOXHOKA, CepeIHbOKBAIPATHIHE

BiIIXWJICHHS PE3yJIbTaTy BHMIipIOBAaHHS i HOro MOXHOKa,
KoedimieHT Bapiamii) OUIIXOM 3OIHCHEHHSA — cepii
BHTIPOOYBaHb 332 PO3POOIIEHOI0 METOINKOIO, aHATITHIHE
BU3HAYCHHS HEOOXIMHOTO 4YHCIa BHMIPIOBAHb IS

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

— OCHOBHA Cepisl BUMIPIOBaHb: €KCIICPIMEHTAIBHO-
QHAJITUYHE BH3HAYCHHA HOPMATHUBHOIO  3HAYEHHA
NIOKa3HHKA, BH3HAYEHHS METPOJIOTIYHOIO  JIOIYCKY
MIOKa3HHKA, IIJ0 KOHTPOJIIOETHCS;

— KOpHUr'yBaHHsl (3a HEOOXigHOCTI) BUMOT [0
METOZy  BHUIPOOYyBaHb B YacTUHI NOXHOKU
(HeBM3HaUYeHOCTI) 3ac00y BUMiproBanbHOI TexHiku. 1o
BUKOPHCTOBY€ETHCS TIPH BUIIPOOYBAHHSIX.

4. OOrpyHTYBaHHSl MeTOY H METOAMKH
ioro peanizauii

OOrpyHTYBaHHS  METOAy  BUIpOOyBaHb M
METOJIMKH WOTO 3MIMCHEHHS TMPOBOJUTHCS ILITXOM
HAYKOBUX IOCHIIKEHD Ta aHaJIi3yBaHHA
3aKOHOMIPHOCTEH 3MIHM TEXHIYHOIO CTaHy 3a
JIOCHI/PKYBaHMM — napaMmeTpoM. Ha npomy  erami
BCTAHOBJIIOETHCS PIBHSHHS BUMIPIOBAHHS, 3aJEXKHICTH
3MIHM BHXIZHOI BEJIMYMHHM BiX 3MIHM  BXIiZHOI.
[TpoBoasThCA aHAJITHYHI PpO3paxyHKH 3
BUKOPHCTaHHAM Teopil dymimBocti. Ha ocHOBI mmx
PO3paxyHKiB BCTaHOBIIIOIOTHCS OPIEHTOBHI 3HAYEHHS
JIOBIPYOTO iHTEpBaTy i HEBU3HAYEHOCTI BUMIPIOBaHHS.

5. IlonmepenHsi cepist BUMiplOBaHb

[omepenHst cepist BUMipIOBaHb 3IIHCHIOETBCS 3
METOI0 BCTAHOBJICHHS IIOTIEPENHIX AaHUX PO METO[,
HOro 4YyTHMBICTH 10 BHIAJKOBHX  BIUIMBAIOYHX
(hakropiB. JlaHi PO XapaKTEPUCTHKH TOYHOCTI METOIY
BH3HAYAIOTHCS IIJISIXOM MPOBEICHHS cepii BUIIPOOyBaHb
32 po3po0JCHOI0  MeTOAWKOoI.  BumpoOyBanHS
MPOBOIATECSI HA  TEXHIYHO-CIPaBHOMY  (HOBOMY)
00’€eKTi, 0 MiATBEP/XKEHO Pe3yJibTaTaMH BUIIPOOYBaHb
IHIIUMH (cTaHAapTU30BaHHMH) MeTOoJaMHU (3
BUKOPHMCTaHHSIM BIJIOMHX ITOKa3HMKiB). Ha npoMy erami
HOPMYBaHHsI, B HAsBHOCTI Y BHIIpoOyBaya € JInIIe JaHi
I10/10 TIOXHUOKK 3aco0y BHMIpIOBAIBHOI TEXHIKH, SIKUM
NIPOBOANTHCS BHMIpIOBaHHSA, a00 NP0 HEBU3HAUYCHICThH
fioro kamiOpyBaHHS.

IMomepenust cepis BUMIpIOBaHHS CKJIANAETHCA 3
omHoro abo mekimpkox eramiB. Ha kokHOMY erami
OTPUMYETBCA TEBHAa rpyma  JaHWX.  KiJIbKiCTbh
BUMIPIOBaHb Ha MEPIIOMY €Talli 3aJIeKUTh Bifl KUTbKOCTI
nepeMiHHUX (DAKTOPIB, IO MPU3BOIATH 0 BUIAIKOBOT
MOXUOKM BHUMIPIOBAaHHS, SKi MOXHAa BpaxyBaTH.
OpieHTOBHO Ha mnepumioMy erani npooauTbes 10-20
BUMIpIOBaHb. Pe3ynbTaT BUMipIOBaHHS I1€PEBIPSIOTHCS
Ha HasBHICTH BHKHIIB. Kpurepiem mnpuaatHoOCTi
nornepesHboi cepii € BHKOHAaHHS YMOBH, 3a SIKOL
oxuoKa cepeHbOapUPMETHIHOTO 3HAYEHHS
MOKa3HUKa TOBMHHA OyTH MEHIIOK CHCTEMaTHYHOL
MOXUOKH BUMIPIOBaHHS A

t — xoe(imient CThIOAEHTA, IO 3aJCKUTHh BiI YHCIa
BHMIpIOBaHb 3a I0Bip4oi iMoBipHOCTI P=0,95; 0yy1, 11,1 —
cepelHe  KBagpaTHYHE  BIAXWIEHHS  pe3yNbTaTiB
BUMIPIOBaHb 1 YKCJI0O BUMIPIOBaHb B TONEpEIHIN cepii
Ha IepIIOMY eTalli, BiIIOBIIHO.

VmoBa (1) Oyzne BuKoHaHa, Ko AX, = 1/ 3A..Y

pasi HeBUKOHaHHS yMOBH (1), HEOOXiHO 3MIMCHUTH Ie
OIIMH eTall BHMIPIOBaHb B KiuIbKOCTI n;p=10...20.
IMposectn pozpaxynku 3a (1) i (2) 3 ypaxyBaHHSIM
BUMIPIOBaHb Tiepmioi Trpynu. Takwid KpuTepiii €
JOITyCTUMUM, OCKITBKH B PE3yJIbTaTi BUMIpIOBaHHS
KOHTPOJILOBAHOTO TMapamerpa 00’€KTa BHIIPOOYBaHb
HepeBakae BUINAJKOBA OXHOKa.

Ha nactymHOMy erami NpOBOZISATECS PO3paxyHKH
koedilieHTy Bapiarii Vi Ta po3mupeHoi
HEBH3HAYEHOCTI Uy, Koedimient Bapiamii
BUKOPHCTOBYETBhCS. B SIKOCTI JIOJIaTKOBOi IEPEBIPKH.
Moro 3HaueHHs He NMOBMHHO TepeBMITyBatd 15 %. V
pasi HNEPEBUILIEHHS KoedilieHToM Bapiarii
JIOITYCTHMOTO 3HAYEHHSI, TPOBOJSITH HOBI BUMIiPIOBAHHS
MOTIepPEeTHROI cepil BUIPOOYBaHb.

VY pasi BukoHaHHs ymoBH (1) Ta BimmoBigHOCTI
KoedirienTy Bapiamii v,, poOHTBCS BHCHOBOK IIPO Te,
IO 3alpPONOHOBAHWN METOA BHUIPOOYBAaHb € II€BHM i
Jla€ HaAiiHI pe3yNbTaTH.

6. OcHoBHa cepisi BUMipIOBaHb

HopmariBHe 3HA4YCeHHSI MOKAa3HHKA, PO3PaXxOBaHE
3a TIONEPEIHBOI0 CEPIEI0 BUMIPIOBaHb, 3 OIHAKOBOIO
HMOBIpPHICTIO MOXKE€ 3HaXOOUTHCH B iHTepBami +U,. 3a
HOMIHAJIBHOTO 3HAY€HHS HOPMOBAHOTO IOKA3HHUKA,
(GopMyITIOBaHHA BHCHOBKY IIOJO pPIiBHA 00 €KTY
BUIIPOOYBaHb HE BHUKJIMKAE HiKMX TpygHoImiB. [Ipore,
i3 HaOMKCHHSM HOTO 3HAYEHHS JIO JOIyCTHMOro abo
IPaHUYHOTO 3HAYCHHsI, BUHUKAIOTH TIEBHI TPYIHOII i3
(hopmyItOBaHHSIM BHCHOBKY. [ljisl 3BY>KEHHsI iHTEpBaiy,
B SIKOMy MOX€ 3HAaXOJUTHUCh HOPMAaTHBHE 3HAYCHHS
MOKa3HMKA HEOOXITHO TPOBECTH OCHOBHY CEpiro
BUMIpIOBaHb.

KinekicTe BHUMipIOBaHb 7, B OCHOBHIH cepii
BU3HAYAETHCS BUXOJI4U i3 3HAYCHb
CepeIHbOKBAIPATUYHOIO BiIXWIIEHHS 1 KoedilieHTy
Bapiamii 3a goipuoi #MoBipHOcTi P=0,99 (Take
MOCUIICHHS BHUMOT JIO TOYHOCTI JIa€ 3MOTY 3BY3UTH
iHTEepBaJ y sKOMy Oyjae 3HaxOAMTHCh 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 BIAXWICHHS 1
noxy161<a BU3HAYCHHs CEPCAHBOTO 3HAYCHHA MMOKAa3HUKaA

Ax;) <A, Q) y norepeHii cepii BUMiplOBaHb, BIAMOBIIHO.
ne [TpoBiBIIM OCHOBHY Cepil0 BHMIpIOBaHb B
AT = +f oy, ) KUIBKOCTI 714, PE3YJIBTATH IEPEBIPAIOTHCS HA HASBHICTD
i1 - ’ () Bukunis.  Iorim PO3paxoBY€eTbCSl  pO3IIUpPEHA
iy HEBU3HAUEHICTh BUMIpIOBaHHS OCHOBHOI cepii U,,.
20 © A. Kopobxo, O. Kocrocrkwmii, K. Cypxko, 2024
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Merponoriyamii  TOMycK Ha  KOHTPOJIHOBAHHI
HapamMeTp JOLUIGHO BCTAaHOBHTH B Mexax +2U,, ane He
Ooumbme HiK *U,. lle 3a0e3meunts BpaxyBaHHS
HEBM3HAUEHOCTI B/l (paKkTOpiB, 1110 3MIHFOIOTHCS Bl AOCIITY
JI0 OCHiay. 3a peastisallii HOBOr0 METO/Ty, HeBU3HAUCHICTh
BUMIPIOBAaHHSI HE TIOBHHHA ITepeBHILyBaTh U,

7. KopuryBaHHsi BHMOI [0 MeETOAY
BUNIPOOYBAHb

KopuryBanHs BUMOT 10 METOIy BHIIPOOYBaHb
MPOBOIUTHCA 33 HeoOXimHocTi. Hampukian, sKimo B
pe3ynbpTaTi BEMIPIOBaHHS IMOKa3HUKA JaHUM 3aco00M
BUMIPIOBAJIbHOI TEXHIKH HE MOXe OyTH OTpUMaHe
3HaYeHHsA  HeBH3HadyeHocti U,, TO HEOOXiZHO
oOrpyHTYBaTH BHOIp HOBOTO 3ac00y BHMipIOBAIBHOI
TEXHIKM 3 MEHIIUM 3HAYEHHSIM CHCTEMATHYHOL
MOXUOKH, III0 B CBOIO YEePr'y 3MEHIINTh HEBU3HAYEHICTh

BUMIpIOBaHHS THIy B 1, sSK HaciiIOK, 3MEHIIUThH
3HAYCHHS PO3IIMPCHOT HEBU3HAYECHOCTI.
3a pe3yabTaTaMy HOPMYBAHHSI CKJIaa€ThCs 3BIT.

8. BucHoBkH

Po3poGiieHnii MeTo] BCTAaHOBJICHHSI HOPMATUBHHUX
(HOMIHAJIPHKX) 3HA4Y€Hb XapaKTEPUCTHK BIACTHBOCTEH
o0'ekta mpu po3poOIi HOBUX METOIIB BHIPOOYBaHb
0a3yeThCst HA BUKOPUCTAHHI IIOXUOOK i HEBM3HAYEHOCTI
BUMIpIOBaHHS. BBeleHO TMOHATTS METPOJIOTIYHOTO
JIONYCKY, CYThb SIKOTO IHTEpBal B MEXax SIKOTO
BBAXKAETHCS, IO TMOKA3HUK BiAMOBiIa€ TIEBHOMY PiBHIO.
OkpeMoro  JOCTI[DKEHHS  MOTPeOyrOTh  IHTaHHA
OOTpYHTYBaHHS B3a€MO3B’SI3KY TOYHOCTI i
HEBU3HAUYCHOCTI BUMIpPIOBaHHS Ta (PaKTUIHUX YHCIOBUX
3Ha4eHb PE3YJIbTATiB BUMIPIOBAaHHS Ta OOIPYHTYBaHH:
MOKA3HKKIB BaJlifamii 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.

22 © A. Kopobko, O. Kocroserkuit, K. Cypxko, 2024



BUMIPIOBAHHA / MEASUREMENTS

UDC 528.06

DOI: 10.30837/2663-564.2024.2.05

MEASUREMENT UNCERTAINTY EVALUATION OF THE OBJECT
PLANIMETRIC COORDINATES USING THE RHO-THETA METHOD

O. Botsiura, I. Zadorozhna, I. 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.

YA
yp

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(Q) ; 3)

Jp=J+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:

U (Bp) =12 () + G (P + ()1 (6) +12 ()], (5)

where u(%), u(p), u(&) and u(5y) are the standard

uncertainties of the corresponding input quantities;
¢,(xp)and c,(xp) are the corresponding sensitivity

coefficients, which can be obtained as:

& () = 22 sin (©)
op

cul6r) =22 = peosr. ™)
oo

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

U (Vr) =\/u2(f’)+05(yp)u2(f>)+C§(yp)[u2(&)+u2(31v)] . (8)

where u(P) is a SU of coordinate P measurement;

¢ (yp) ¢ (¥p)
coefficients, which are determined by the expressions:

and corresponding  sensitivity

oy R

o () = 22 = cos; ©)
op

ca) =27 = psing. (10)
o

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()=0,/3 . (11).

SU in measuring the location of a BS (%,)) are
10,,
attributing a rectangular PDF of these errors

determined from the boundaries of their MPEs
0,,
within the boundaries:

u(®)=0,/3;

(12);

u(3)=90,/3 .

In expressions (5), (8) u(&)

(13)

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 +6,

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)=0,/+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(xp)=k(nJu(xp); (16)

U(yp) =km,)u(ir) , 0]

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

(14)

0,1085n* +0,1n+1,96, for p =0,95;

(18)
0,121° +0,In + 2,0, for p =0,9545,

k(m)= {

and the kurtosis of the PDFs for (xp,y,) are calculated as:

—12{c Gt () + et (el (@) +ut (B )l|-

= WA () F 19
12l (B)+ e ()l @)+ By )|
n = . 0)

u!(Vp)
In this case, the uncertainty budgets of the object
coordinate (Xp,J») measurements will have the form

given in Tables 1,2.

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

I‘nput Values SU of Qs Kurtosis Sensiti.vity Unce.rtaiflty
quantities (IQs) of 1Qs of 1Qs coefficients contributions
p p u(p) (11) -1,2 c(xp) (6) ¢ (xp)u(p)
x 3 u(®) (12) 12 1 u(®,)
a a u(@) (14) -1,2 ca(xp) (7) ca(X)u(dr)
B 0 u(dy) (1) 12 cu(xp) (7) Ca(Ou(y)
Measurand | Mot comvneasu | Mpmaeird | o | Bl
Xp X (3) u.(%p) (7) n. (19) k(n.) (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 IQs coefficients contributions
p u(p) (11) -1.2 ¢ (yp) 9) ¢ (yp)u(p)
Y y u(y) (13) -1.2 ! u(y)
d u(&') (14) -1’2 Ca(yP) (10) Cot(yP)u(&‘)
o 0 u@) (1) | 2| ) A0 | e (pudy)
Measurand Measurand Combined SU Measurzfnd Coverage Expan(.led
value kurtosis factor uncertainty
Yp Vr(4) u.(yp) (8) n, (20) k(n) (18) U am
From expressions (5), (8) ome can write where @(5,)=u(,)/p; @(5,)=u(5,)/p are relative

expressions for the relative standard uncertainties of
coordinate (xp,y,) measurement:

i) = "C) _ (2 (%) 1 sin2 (@i () +
P

5., &,;

yo

of
a(p)=u(p)/p is relative SU of measurement p .
For the values p=1000 m and p=2000 m; 0,=1.5

standard uncertainties corrections

+cosz(d)[u2(&)+u2(SN)]}°’5 el m 0,=6,=1.8 m; 0,=0.6 mrad; 0,=0.1 mrad; given
U)o o in [11], the dependences #(Xp)and () on a were
. (yp) = b =1 () +cos* () (p) + obtained, shown in Fig. 2.
+sin2(6)[u(6) +u? (5117, (22)
i, (xp) i, (Vp)
0,0012 0.0012
0,0009 0,0009
0.0006 f——t—="F—""T " == — 00006 ——==— | L —==="
0,0003 0,0003
0 0
0 30 60 90 120 150 o.° 0 30 60 90 120 150 o,°
a) b)

Fig. 2. Dependences #(x,) (a) and @(p,) (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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OuiHIOBaHHS HEBU3HAYEHOCTiI BUMIPIOBAHb KOOPIAMHAT 00’ €KTY AaJIeKOMIPHO-KYTOBHUM METOAOM HA IUIOLMHI
Bomopa O.A., 3apopoxna [.M., 3axapos L.I1.

AHoTamuist

BusHaueHHs KOOpIMHAT 00'€KTa Ha IUIOLIMHI € aKTyalbHUM 3aBJaHHAM KOOPJMHATHOI METPOJIOTii, SIKe 3HAXOIHTh
CBO€ 3acTOCyBaHHs y Kaprtorpadii, reomesii, Jokamii Ta Hapiramii. ¥ cTarTi po3rIAAlOThCS OCOONUBOCTI OLIHIOBAHHS
HEBHM3HAYEHOCTI BUMIPIOBAaHHS KOOPAMHAT 00'€KTa Ha IUIOMINHI KyTOMipHO-JaIeKOMipHIM MeTooM. OGIpyHTOBaHO MOJIETb
BuMiproBaHb. OTpHMaHa IIpoLeAypa OLHIOBAHHS HEBH3HAUYEHOCTI BUMIPIOBAaHb aOCINCH i OpAMHATH 00 €KTy Ha IUTOLIWHI,
sIKa BKJIIOYAa€ B ce0Oc OI[IHKM YMCIIOBOTO 3HAYECHHS KOOPJHMHAT, IX CyMapHi CTaHAAPTHI HEBH3HAYCHOCTI Ta PO3MIMPEHi
HEBHU3HAYCHOCTI, SIKi OIIHIOIOTBCS METOAOM eKcieciB. HaBOAMTHCS MPHKIIA[ OLHIOBAaHHS BIAHOCHHMX CTaHAAPTHHX
HEBHU3HAYCHOCTEIl BUMIipIOBaHHs aOCLHCH 1 OpPIMHATH O0’€KTYy Ul peajbHHX METPOJIOTIYHHX XapaKTEPUCTHK 3aco0iB
BUMIPIOBaJIbHOT TeXHiKM 6a30BOi CTaHILT.

KurouoBi cjioBa: BUMIipIOBaHHS KOOPAMHAT; aJEKOMiPHO-KYTOMIPHUIL; OLIHIOBAaHHS HEBU3HAYCHOCTEH BUMipIOBaHb,
OI0/PKET HEBU3HAUCHOCTEH, METOT CKCIIECIB.
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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 BHU3HAYEHHI (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 (hTOPHI-IOHIB, PO3LIMPEHHs JIiHIHHOT 00nacTi rpaxyoBaabHOro rpadiky 3
107 10 3,5-1077 M, cKOpOYEHHs Yacy BiAryKy €NEeKTpoIa B po3uuHax, mo Mictats 10 M ionis ¢ropy 3 10-12 xB 1o 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 Bomax cxnana 0,007 mr/n, 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 VABTPA3BYKy HAa BCIHYUHY
aHANNTUYHOIO  CHTHAJy  BUMIDIOBAIM  MOTCHIA
(TOPUIHOTO ENEKTPOLy B MUIIBOJIBTAX Yy PO3YMHI
01 IMCTIIFOBAHOT BOIH, 10 MicTuTh 107 MoJB/1 TOpHITY
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 BUXOIUTB 13 pe3yIIbTatiB JOCIIIB, 0 MICTATHCS
y  Tabmuui 1, KinbKicHE 10HOMETPHYHE BH3HAYCHHS
(hTopua-ioHIB B pO3UMHAX KyXOHHOI COJi 0€3 MmomepeaHboi
00poOKM po3uMHY UL TIepeBeNeHHs (PTOPHI-IOHIB B
CJICKTPOXIMIYHO aKTHBHI (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].

28 © O.I. KOpuenko, 1.P. IlleBuenko, JI.B. baknanosa, T.B. Uepnoxyk, O.M. baknanos, 2024



Metrology and Instruments

MeTponoria Ta npunaau

Measurements 120 BumiptoBaHHS
E, B 2 1850 -
-~
=z | T S
165 // -—
E [l
160 2 1750
155 A 2
-
150 g
)
145 21650 4
g
140 2.
5 =1
1359 2 1550
130 =
125
120 T T T \ . : 1450 T T T T )
15 20 25 30 35 40 45 1 2 3 4 S 6
Yacrora yabTpasByky, KI'n KoHneHTpanis xJopuga Harpilo, Moab/J
. . PucyHok 2 — 3anexHicTb LIBUAKOCTI MOIIMPEHHS
Puc. 1 — 3anexHicTh BETMYUHN aHATITUYHOTO CUTHATY . .
L . . YJIBTPa3ByKy BiJl KOHLIEHTPALi XJIOpUy HATPil0 B PO3UMHAX
¢Topua-ioHiB Bix yactotH (1), IHTEHCUBHOCTI . o .
(1 — po3unH XJIOPUIY HATPiO, HE OOPOOICHUH YABTPA3BYKOM;
(2) Ta gacy BBy Y3 (3) 5 . N
— PO3YHH XJIOPUY HATpit0, 0OPOOICHHUH YIBTPa3BYKOM)
Brums yisTpasByKy Ha BOJHO-ETAHONBbHI PO3uMHM  2.), 30iiblIeHHs iHTeHcuBHocTi Y3 Bin 1 no 3 Br/em?
NPU3BOMUTH  JIMIIE A0  HE3HAYHOTO  TABWINEHHS  MNPU3BOMUTH IO HE3HAYHOTO 3pPOCTAHHA  BENMYMHU

YyTIMBOCTI BU3HaueHHs (puc. 3, Tabm. 2). [Ipu 1mmpomy,
4acToTa YIBTPa3ByKy B miama3oHi 18-44 kI mpakTudHO
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
PYHHYBaHHSIM €TaHOJY ITi/T BILTABOM YJIBTPa3ByKy [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 — | M nurpatHuii 0ydepHuii po3unH
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
Ckian po34nHiB EF-YI, xs.
be3 monepenaboi 00pOOKH YIIETPa3BYKOM
Cranpaptauii enexkrponit no JCTY 4386 (CE); 10> M NaF CE u 10%M NaF 140
Xnopun watpiro 1 monw/n, mwo mictute 0,6 r tpwiony b, 10°M NaF, migkucnennii
COJISTHOO KHUCJI0TO 710 pH 5 12
Xnopun Harpito 1 Mons/n, skuii mictuts 0,6 T Tpunony b, 10* M NaF, nigxucieHuil
COJISTHOIO KHCJIO0TOK0 A0 pH 5 6
3 monepeHp0I0 00POOKOI0 YIABTPAa3BYKOM
Cranpgaprauii enexrpoiit no JCTY 4386 (CE); 10 M NaF CE u 10 M NaF ‘2‘
Xnopun Hatpiro 1 momw/m, mo micture 0,6 T tpuiony B, 10°M NaF, nigkucienmii
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

b . . .

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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JTOCAILIXKEHHS MOXKJIMBOCTEN BUKOPUCTAHHS
KOJIOPUMETPIi B MEJUIIUHI

10.€. Xopomaiino, [.LK. Cezonosa, O.B. [lertsaproB, M.B. Kop6enpkuii, I[1.M. binernpkmii

Xaprxiecokuil HayionansHull ynigeepcumem paodioenekmponiku, Xapxie, Ykpaina

AHoTamis

JlocmiKeHHST MOXKIIMBOCTI BHKOPHCTAHHS KOJIOPUMETPIl Y MEAMIMHI MalOTh Ha METi BAKOPHCTAHHS Cy4aCHUX METO[IB Ta
OpWIaAiB [Ulsl JiarHOCTHKH KOHIIGHTpAlil PEYOBHH Y INPUPOAHMX po3unHax. KomopumeTpis sK METOX BHUMIipIOBaHHS
KOHIICHTpaNil peuoBHH 0a3y€eThCs HAa 3[aTHOCTI PO3YMHIB IIEBHUX PEYOBUH 3MIHIOBATH KOJIp IPH Pi3HUX KOHIEHTpawisx. Merox
JI03BOJISIE  KiJIBKICHO BH3HAYUTH KOHIEHTPAII0 PEYOBMHH, BHXOASYM 3 IHTCHCHBHOCTI KOJNBOpPY, SIKy (ikCye mpmiag —
kosiopuMmetp. OCHOBHI NMPUHIMIIKM KOJOPUMETPii BKIHOYAIOTH CHEKTPO(HOTOMETPIt0, 3aCTOCyBaHHs 3akoHy byrepa-Jlambepra-
Bepa, kaniOpyBanHs npuiaay, BUOIp JOBKHHH XBUII, OLIHKY MOTJIMHAHHS CBIT/A 1 IOPIBHSAHHS 3 eTajloHaMu. B po6oTi HaBegeHO
OCHOBHI aCIIEKTH 1 IPHHIUIY KOJOPUMETPHUYHOTO aHalli3y, sKi MAIOTh BaXJIMBE 3HAUYCHHS U OTPUMAaHHS TOUYHUX PE3yJIbTaTiB.

KurouoBi ciioBa: Kol0opuMETpis, KOHLEHTPALIS PEYOBHHH, ICKTPOHHHI KOIOPUMET, J1aO0OpaTOPHi AOCIIKSHHS

1. Beryn

EnexTpoHHa KOJIOpUMETPis — 1€ CyYaCHUH METOH
BHMIpIOBaHHSI KOHIIEHTpAIlli PEYOBHH 3a OTIOMOTOIO
KOJIbOPOBHUX XapakTepucTHK. lle omHa 3 BaKIMBHX
METOJIVK, SIKa aKTUBHO BHKOPHCTOBYETHCS B MEAWIUHI
ISl JIarHOCTHKW Ta MOHITOPUHTY Pi3HOMaHITHUX
craHiB maienTis [1-7].

CyTHICTh KOJOPUMETPIi MoJsrac B aHalli3i KOJIbopy,
SKUH TOTJIMHAE abo BigOMBae pEUOBMHA IIPU MEBHIH
JOBXKHHI XBHII CBiTjia. BiAmoBimHO, 1HTEHCHUBHICTh
KOJIbOPY € MOKa3HMKOM KOHIICHTpAIlil IeBHUX PEYOBHH. 3
PO3BUTKOM €JICKTPOHHHX TEXHOJIOTIH Ta OOJaIHAHHS LCH
METOJ]] CTaB IIe OUTBII TOYHUM, IIBHIKHM Ta JOCTYITHAM
JUTST MEITUYHUX 3aKJIaJliB, 10 3HAYHO MOKPAIIUIIO SKICTh 1
IIBU/KICTH HA/IAHHS MEITIHUX TTOCITYT.

Ieprri cripobu 3acTOCyBaHHS KOJOPUMETpii Oy
TIOB’sI3aHi 3 XIMIYHUMH TOCTITAMU Ta aHATI3aMH PO3YHHIB,
KOJIM JIOCHITHUKA TIOMITHIN 3B’S30K MK KOJBOPOM
PO3YMHY Ta KOHLICHTPALIE€I0 NMEBHOI PCYOBHHH B HBOMY.
3roloM BMHHKJIA HEOOXIAHICTH y TOYHOMY BHM3HAYCHHI
KOHIICHTPALIil PO3YMHIB, M0 CTUMYJIIOBAJIO pPO3BUTOK
IHCTPYMEHTIB JUIsl BUMIPIOBaHHSI IHTEHCUBHOCTI KOJIBODY.

B xinmi XVII — moyatky XIX cTOMTTS 3aKiaIcHO
OCHOBH TEODii MOTIIMHAHHS CBITJIa PI3HUMHU PEYOBUHAMH.
BaxmmBuM BIAKPHTTSM CTajJO BCTAHOBJICHHS 3aKOHY
Byrepa-Jlambepra-bepa, sKkuii  ommcye  3aleXHICTDH
MOTJIMHAHHS CBiTJIa BiJ] KOHIEHTpAIlli pPO3YMHY Ta

TOBUIMHM  mapy pedoBuHH. Ileit 3akoH  crTaB
(GyHIAaMEHTOM  JjII  CTBOPEHHS  KOJOPHUMETPHYHHX
METONIB KUIBKICHOTO aHaji3y, OCKUIbKH JO3BOJISB
BU3HAYATH  KOHICHTPAII0  PCYOBHH, BUMIPIOIOYU
IHTEHCHUBHICTI ITOIVIMHAHHS CBITJIA.

Mera  crarti.  JOCHiIKEHHS ~ MOXJIMBOCTI

BHUKOPHUCTAHHS KOJIOPUMETPIT y MeIHIUHI 0a3yeThCcs Ha
11 OCHOBHMX METOJIaX Ta 3aKOHAX.

Konopumerpist sik MeTo,T BUMIpIOBaHHSI KOHIICHTpAIIil
pEUOBHH 0a3y€eThCs Ha 3MaTHOCTI PO3YHHIB IIEBHUX PEUYOBUH
3MIHIOBaTH KOJIp TpW PIi3HMX KOHIGHTpamisix. Merto
JIO3BOJISIE KUTBKICHO BU3HAYHUTH KOHIICHTPAILI0 PEYOBHHH,
BUXOJISTYM 3 IHTEHCUBHOCTI KOJIbOPY, SIKY (hiKCy€e TpHiam —

konopuMerp.  OCHOBHI ~ TNPUHLIMIK  KOJIOPHMETPIl
BKJIFOYAIOTh CIICKTPO(OTOMETPIIO, 3aCTOCYBAHHS 3aKOHY
Byrepa-Jlambepra-bepa, kaniOpyBaHHs npuiany, BuOIp
JIOBKHHH XBUIIi, OIIHKY ITOTJIMHAHHS CBITIIA 1 IOPIBHIHHS 3
eTafoHamy. Hibkde HaBeZIeHO OCHOBHI aCTIeKTH 1 TIPHHITAITA
KOJIOPUMETPUYHOTO aHai3y, SIKi MAIOTh BOKIIMBE 3HAUCHHS
JUTsl OTPUMAHHSI TOYHHX PE3yJIbTATIB.

2. Bukjaa 0CHOBHOT0 MaTepiaiy.

3akon byrepa-JlamGepra-bepa, BimoMuii Takox siK
3akoH bepa, € omHuM i3 (yHIAMEHTAIBHUX 3aKOHIB
ONTHKU 1 XIMIYHOTO aHami3y, L0 OIHCYE, SIK CBITIIO
MOTJIMHAETHCSI PEYOBHHAMH Yy po34MHI. BiH BcTaHOBIIOE
MaTeMaTHYHY 3aJIeKHICTh MIXK KOHIIEHTPALIEI0 PO3YHHY,
JOBXKMHOI0O  LUIIXy CBiTJIA 4Yepe3  pO3YMH  Ta
IHTEHCHUBHICTIO CBITJIa, K€ MPOMILIO Yepe3 pPO3YHH.
OcHoBHa (opMyJIa 3aKOHY BUTIIIIAE TaK:

A= -cl, ()

e A — onTrdHa rycTHHA (200 IMOTJIMHAHHS) PO3YUHY, IO
€ JIOTapu(PMIUYHOIO MIpOI0 3MEHIICHHS 1HTEHCHBHOCTI
CBITJIA TTICIISt TIPOXOJKEHHS Yepe3 PO3YUH; O, — MOJISIPHUHA
KOoeQiIlieHT TOTJIMHAHHA (TaKOX BIIOMHHA SK MOJIAIPHA
a0copOITiiiHa 3JaTHICTH), IO 3aJeKUTHh BiJ TPUPOIH
pPCUOBMHM  Ta  JIOBKMHH  XBHWJI  CBITJIA,  sIKE
BUKOPHCTOBYETBCS B aHaNi3i; ¢ — KOHIICHTpAIis
PCUOBHMHHU B PO3UMHI (3a3BHYail BUMIPIOETHCS B MOJIAX Ha
JTp, a00 MOJIL/M); [ — MOBXKHMHA NIIAXY, IKY TMPOXOIUTH
CBITJIO Yepe3 PO34HH (BUPAXKAETHCS B CAHTUMETPAX).

3akon byrepa-JlamGepra-bepa crBepmkye, 110
ONTUYHA TYCTHHA TMPONOpILiliHA K KOHLEHTpAIl
pPCUOBMHM B PO3UMHI, TaK 1 JOBXHMHI HUIAXY, SKHH
MPOXOJIUTH CBITIO Yepe3 ek po3unH. [HImmMu cioBamuy,
YHMM BUILE KOHIICHTPAIlisl PSYOBHHU a00 JOBXKHHA MUIIXY
CBITJIa, TUM OiJIbIIIE CBITJIO TOTJIMHAETHCS, 1 THM MEHIIIE
HOT0 BUXOAWTH 3 IHIIOTO OOKY po3uuny (puc.1).

et npuHmMO € OCOONMBO  BAXIMBUM ISt
BU3HAYEHHS KOHICHTpamii pPEYOBMH y PpO3YHMHAX 3a
JIOTIOMOTOI0 ~ (DOTOMETPUYHHUX ~ METOMiB. 3a  BimoMoi
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JIOBYKHHU IIUIIXY Ta MOJIIPHOTO KOeiIlieHTa MOTTHHAHHS
MOXXHa TOYHO BH3HAYUTH KOHIICHTPAI[ID PCYOBHHH,
MPOCTO BUMIPSIBIIH MOTJIMHAHHS CBITJIA PO3UHHOM.

3akoH Byrepa-Jlambepra-bepa IIMPOKO
BUKOPHCTOBYETHCS y KOJIOPUMETPIT Ta criekTpodoToMeTpii
JUIT  BU3HAUCHHS KOHLICHTpAIii TICBHUX PEYOBHH Y
posumHi. Hanpukman, y MemuuHux adoparopisx BiH
JIO3BOJISIE BU3HAYUTH PIBEHB IITIOKO3H, XOJIECTEPUHY, OiIKa
Ta IHIVX NOKa3HUKIB y OI0JIOTIYHNX piANHAX.

3HaHHS MOJIIPHOTO KOeillieHTa TOTJIIMHAHHS TS
MIEBHOT PEUOBHHU JI03BOJIIE BAKOPHUCTOBYBATH II€¥ 3aKOH
JUTSI TIEPEBIPKU i1 YMCTOTH.

Puc.1 Imroctpariist 3akony byrepa-Jlam6epra-bepa
(lo— IHTEHCUBHICTb BXiHOTO MOTOKY, /1 — IHTCHCHBHICTh
BUXiJHOTO IOTOKY)

3aKOH TakoXX BHUKOPUCTOBYEThCS ISl  aHAJI3y
KOHIICHTpAIi MIKiIJIMBUX PEYOBHH Y BOIi, IMOBITpI Ta
THIIAX 3pa3Kax JOBKIJIISL.

Ane BuUIIE3a3HAYCHUN 3aKOH TIPALIOE KOPEKTHO
JIUIIE 32 TIEBHUX YMOB:

1. OnHopinHicTe po3unHy: Po3unH moBunHeH OyTh
OIHOPIAHUM, 0€3 3aBUCIUX YACTUHOK, SIKI MOXYTh
PO3CIIOBATH CBITIIO.

2. Bincytnicts ¢uryopecueHmii  Ta  XiMiYHHX
peakuiii: PeyoBuHa He MoBHWHHA QuryopeciitoBatd abo
BCTYTIATH y XIMIYHI peakIii M BIUTABOM CBITJIa.

3. JlimiHICT, y TEBHHX MEXax KOHIEHTpPALiii:
3aKoH MpaIoe JHIHHO JIMIIe B OOMEXEHOMY JTiara3oHi
KoHIeHTpanid. [Ipm HaATO BHCOKMX KOHIICHTpAITisX
BUHUKAE BIIXMJICHHS Bl JIIHIMHOT 3a1€KHOCTI, 1 TOYHICTH
aHaJi3y 3HIKYETHCS.

VY KOJOpUMETpii BUKOPUCTOBYETHCS BUIUME CBITJIO,
sIKE TPOXOIWTh Yepe3 PO3YHH, IO TMOIIMHAE YaCTUHY
CBITNIa  3aJICKHO  BiJl  KOHIIGHTpAIlii  PEYOBUHH.
ITornuuaHHA CcBITIIA 3aI€XKUTh BiJ JOBXWHY XBHIII CBITIIA
1 MpUpOJM PEYOBHMHH, TOOTO i 31aTHOCTI MOIJIMHATH
CBITJIOBY €Heprito. UuM OuTbITa KOHIICHTPAIIiS PEYOBHHH
B pO34MHi, THM OijbIIIa YacTKa CBiTIIa Oyl TIOTJIMHEHA, i
TAM  IHTCHCUBHIIIMM Oyne Kojip  po3uuHy. Y
KOJIOPUMETPUYHOMY ~aHai3li BHUMIPIOETBCS  ONTHIHA
TyCTHHa a0o TOoTJWHAaHHS CBiTIa (A), ska 3pocrae 3i
301IbIIIEHHSM KOHIICHTPAIIiT pO3UHHY.

3akon  byrepa-Jlambepra-bepa € omHuM 3
KITIOYOBMX TNPHHIMIIB Y  KOJOPUMETPii, OCKUIbKH
BCTAHOBJIIOE KIJTBKICHY 3aJICKHICTh MK KOHIICHTPALIEIO
PCYOBHHY B PO3YHHI Ta TOTIIMHAHHAM CBITIIA.

Bubip [MOBXHMHU XBWII, Ha SKid HPOBOIUTHCS
BUMIDIOBaHHS, € BAXJIMBUM C€TallOM y KOJOPUMETPII,
OCKUTbKH Pi3HI PEUOBUHH TIOTIMHAIOTH CBITJIO 3 Pi3HOIO
e(DeKTUBHICTIO Ha PI3HUX JOBXKHHAX XBWIb. II[00
OTPUMATH  MaKCHMaJbHO  TOYHI  pe3yibTaTH, Y
KOJIOPHMETpil BUOMPAIOTh MOBXHHY XBWI, Ha SKiit
JIOCIIKyBaHa PEYOBHHA Ma€ MaKCUMAJIbHE TTOTJIHHAHHS
cBiTia. Lle M03BOJISIE MiABUIINTH YyTJIMBICTE METOLY Ta
3MCHIITUTH MOXKJIMBICTh BAHUKHCHHS TIOXUOOK.

Jlnt  oTpuMaHHA TOYHMX 1  BiJTBOPIOBAaHMX
pe3yibTaTiB  HEOOXiHO  MNpaBWIIBHO  KaliOpyBaTu
konopumetp. KamiOpyBaHHS HpPOBOJSTH 3a JOTIOMOTOKO
€TAJIOHHOTO 3pa3ka abo cepii CTaHIAPTHUX PO3UMHIB
Biomoi  koHueHtpauii.  KamiOpyBanus  nomnomarae
HAJAIITYBAaTAd TPWIAN Tak, MO0 BiH MNPaBWILHO
IHTEpIIPETYBaB 3MiHM KOJILOPY po3umHy. Ilicis mporo
OymyeThes KaliOpyBasibHA KpHBa, sIKa BigoOpaxae 3B'SI30K
MDK KOHIICHTPAITI€I0 PEUYOBUHM Ta ONTHYHOIO TYCTHHOIO.
3rogomM, TIpH BHMIpIOBaHHI TIpoO, OTpUMaHi JaHi
MOPIBHIOIOTH 3 KaNiOpyBaJIbHOIO KPHBOIO, IO JIa€
MOXJIMBICTh BHU3HAYUTH KOHIICHTPAIIIO JOCIIKYBaHOT
PCUYOBHHH.

JIsi TOYHOrO BHM3HAYEHHS KOHICHTPALIi PEYOBUH
y PO3YMHAX YaCTO BUKOPHUCTOBYIOTHCS CTAIOHHI 3pa3Ku
a00 pO3YMHU 3 BiIOMOIO KOHIICHTparierw. L{e no3Bomse

OI[IHUTH,  HACKUIbKM  IHTEHCHMBHO  3a0apBieHHI
JOCTIKYBaHUH PpO3YMH MOPIBHIHO 3 €TaJoHOM, |,
TaKUM YWUHOM, BHM3HAUYUTH WOr0  KOHIIEHTPALIIO.
[Ipoumenypa mMOpIBHAHHS 3 e€TAJIOHOM 0a3yeThCsi Ha
JMHIHHOCTI  MDK  KOHIICHTpAIiEl0  PEYOBHHH 1
MTOTJIMHAHHSIM CBITJIA.

OCKIJIbKM ~ BUMIPIOBAaHHS MOXYTh  ITiJIIaBATHUCS

BIUTMBY (DaKTOpIB, TAKHX SK OCBITJICHHS, TEMIIEpaTypa Ta
YHUCTOTa KIOBETH, BAXJIMBO JOTPUMYBATHCS HAICKHHX
nabopatopHux yMmoB. Jlns 3a0e3neycHHs TOYHOCTI U
BiITBOPIOBAHOCTI PE3YJITATIB PEKOMEHIYETHCS:

1. Ilepesipsitn puian nepern, KOXXHUM
BUMIPIOBAHHSM.

2. BuxopucroByBaTH CBIXKOITPUTOTOBIICHI
PO3YMHH.

3. YucTtuTH KIOBETY Tiepe]] BUMIipIOBAaHHIM, II00
YHUKHYTH 3a0py/AHCHHSL

4. OTpuMyBaTHCh OJTHAKOBOi
(KroBeTH) I BCIX BUMIiPIOBAHb.

Merox KosopuMeTpii Mae jgesiki  OOME)KECHHS.
Hampukian, BiH Moxe OyTn Hee(heKTUBHUM IS
CKJIQHUX 0araTOKOMIIOHEHTHHX CyMillled, Je pi3Hi
KOMIOHEHTH MalOTh NMEPEKPHUBHI CHEKTPU IOTJIMHAHHS.
Takox y pasi HaITO BUCOKHX KOHIICHTpPAIlii BUHUKAIOTh
HENiHIAHI BiIXWICHHS, III0 MOXE MPU3BECTHU JI0 TIOXHOOK.
Y Takux BHUIAJKaX PO3UYUHU  PO30ABISAIOTH 0
KOHIICHTpAIlli, sfka 3a0e3neduye JHIHHY 3aIeXKHICTh 3a
3aKOHOM Byrepa-Jlambepra-bepa. e OIHUM
O0OMEKEHHSIM € YYTJIHBICTh METOAY JI0 YUCTOTH PO3UUHY
1 cTaOlIBHOCTI YMOB BUMIpIOBAHHSI.

TOBIIMHU  Iapy
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Oco0nmBy yBary mpu IOCIiKEHHI MHTAaHHS 1010
BUKOPHCTAHHS KOJOPUMETPUYHUX METOIIB B MEIULIMHI

JIOLIJILHO MPUIUTUTH aBTOMaTHU3aLil MPOILIECIB
BUMIPIOBaHHSL.
CyyacHi KOJIOPDHMETPH OCHAIICHI MPOrpaMHUM

3a0e3MeUCHHsM, SKe MO)KE aBTOMATHYHO OOpOOIATH Ta
30epiraTh  pe3yJbTaTH BHUMIPIOBaHb, IO JIO3BOJISIE
IIBUJIIIE OTPUMYBATH 1 aHaJi3yBaTy naHi. Jleski npumaam
MOXYTh TaKO)K aBTOMAaTHYHO BH3HAYATH MAaKCHMAaJbHY
JIOBXKMHY XBWJII TIOTJIMHAHHA, IO POOWTH TIporec e
OUTBIII 3pYTHHM.

KomopumeTpiss € BaXJIUBUM I1HCTPYMEHTOM Y
MEJUYHIN TIaTHOCTUI, OCKIIBKU JJO3BOJISE MIBUAKO Ta
TOYHO BH3HAYATH KOHIEHTpauii 010XiMIYHMX PEYOBUH
y pinuHax opraHisamy. Merony 0a3yeTbcs  Ha
BHMIPIOBaHHI IHTEHCUBHOCTI KOJBOPY PO3YHHY, IO
Jla€ 3MOT'Y OILIHUTH KUIBKICTb IIE€BHOI PEYOBHHU Y
3pa3Ky. ¥ MEIUIUHI KOJOPUMETPis 3aCTOCOBYETHCS B
TaKUX OCHOBHHUX Tally3siX, SK KiIiHIYHA OioXimis,
nmabopatopHa  JiarHOCTHKA, BHU3HAYCHHS  PIBHA
TOPMOHIB Ta MOHITOPUHT JIKYBJIBHOTO TIPOIIECY.
3aBasKn BUCOKIN TOYHOCTI 1 IIBAIKOCTI
KOJIOpPUMETPHUYHI MeTOau  HaOyJu  IIUPOKOTO
3aCTOCYBaHHS B MEIUIHUX JTA00OpaToOpisix.

Kuiniuna Gioximis

KomopumeTpist € BaXJIUBUM IHCTPYMEHTOM Y
MEIUYHINA JIarHOCTHUIN, OCKIIBLKK JO3BOJSE IIBUIKO
Ta TOYHO BHU3HAYATH KOHIEHTpalii Oi0XiMIYHUX
PEYOBHH y pinuMHax opraHizmy. Merox 0a3yeThcs Ha
BUMIpPIOBaHHI IHTEHCHUBHOCTI KOJIbOPY PO3YHMHY, IO
Jla€ 3MOTY OIlIHUTH KUIBKICTh TEBHOI PEYOBUHU Y
3pa3Ky. Y MEIUIHHI KOJOPUMETPisi 3aCTOCOBYETHCS B
TaKUX OCHOBHHX Tally3sX, SK KIiHIYHA OioXimis,
nmabopaTopHa  JiarHOCTHKA, BHU3HAYEHHS  PiBHA
TOPMOHIB Ta MOHITOPUHT JiKyBaJlbHOTO TMPOIECY.
3aBasgKu BUCOKIH TOYHOCTI 1 LIBHUIKOCTI
KOJIOPUMETPUYHI ~ METOOM  HAOylIWm  HIUPOKOTO
3aCTOCYBaHHS B MEIUYHUX JTA0OPATOPIisX.

JlaGopaTopHa NiarHOCTHKA Ta CKPMHIHT

KonopumeTpiss BHUKOPHUCTOBYEThCS B  0araTtbox
na00opaTOPHUX TeCcTaX, SKi JOIMOMAaramTh IIBHIKO
JIarHOCTYBAaTH Pi3HI 3aXBOPIOBAHHSA, OI[IHIOIOYH BMICT
TaKuX KOMIIOHEHTIB, SIK KpEaTHHiH, CEYOBHHA, KaJbIIii,
dbochaTy Ta aMiHOKHCIOTH B Ce4i, KPOBI Ta iHIIHX
Olonoriuamx pigumHax. Hampwukian, KoJopuMerpis €
OCHOBHHMM METOJIOM ISl BU3HAYCHHS PiBHS KpEaTHHIHY
B CHpOBATIi KpOBi, M0 € BaXJIUBUM ITOKa3HUKOM
(byHKIIT HUPOK.

Ix1roro MOIIHPEHOIO MPaKTHKOIO €
BHKOPHUCTAHHS KOJIOPUMETPUIHHIX TECTiB y
CKPHHIHTY — MacOBOMY OOCTC)KCHHI HACCJICHHS Ha
HAasBHICTh 3aXBOPIOBAaHb, HANPUKIAJ, Ha aHEMIK. 3a
JIOTIOMOT OO0 KoJIopuMeTpii JIETKO BUSIBUTH
HEIOCTAaTHICTh 3aJli3a B KPOBi, IO JA03BOJISE IMBUIKO
NiarHOCTYBaTH  3ali30oAeilUuTHY aHemio  Ta
MPU3HAYNTH BIIMOBiIHE JTiKyBaHHS.

TIpuknagom aBTOMAaTHU3AaIli1 TaKoro TUITY
nocrimkerb € komopumetp cepii Checker Hanna HI716
IUTSL BUSHAYCHHS OpOMY.

Bu3HnauyeHHs piBHsSI TOPMOHIB

Konopumerpist € 3py4yHUM IHCTPYMEHTOM JUIsi
BU3HAYEHHS PIBHS JISIKMX TOPMOHIB Yy KPOBI, SIKI MOKYTb
BIUIMBATH Ha €HJIOKPUHHY CHUCTEMY OpraHizMmy. 3a3BHuaii

TUIst TaKuX JIOCITIDKCHB BUKOPUCTOBYIOTHCS
IMyHOQEpMEHTHI ~ METogu 3 KOJIOPUMETPHUHUM
BU3HAYCHHSAM, SKi JJO3BOJAIOTH TOYHO BHMIipIOBATH
piBEHb TOPMOHIB, TaKHX SK IHCYJiH, THPOKCHH,

KOPTH30JI, IO € BOKIMBUM Yy JIarHOCTHIN €HIOKPHHHUX
3aXBOPIOBaHb. 3a JIOTIOMOTOI0 KOJIOPUMETPii TaKOX
MOKHa MOHITOPHTH TOPMOHATBHI 3MiHM B OpraHi3Mi i
Yac BarirtHocTi a00 TOPMOHAILHOI Tepartii.
BumipioBaHHsI piBHSI KHCHIO B KPOBI
Oxcumerpis, omHa 3 QopM Kolopumerpii,
3aCTOCOBYETHCS JJIsi BUMIPIOBaHHS PIBHS HACHYCHHS
KpOBI KHCHEM, IO € BaXIMBUM IIOKa3HUKOM MPHU

3aXBOPIOBAaHHAX  JUXaNbHOI  CHCTEMH, CEpIEBO-
CyIMHHUX TMAaTOJIOTiIX Ta Yy TMALi€HTIB, SKi
nepeOyBaroTh Ha IHTEHCUBHOMY JIIKyBaHHI.

IlynbcokcuMETpH BHUKOPUCTOBYIOTh 1€ TPUHIHUII,
(ikcyroun BIIMIHHOCTI B KOJHOPi OKCHT€HOBAaHOI Ta
JIe30KCUTEHOBAHOT KPOBi 1 TAKMM YUHOM OOYHCITIOIOTH
PiBEHb KHCHIO.

Ouinka edeKkTUBHOCTI
MOHITOPHMHTI CTaHY NAIi€HTIB

Konopumerpist ~ Takox €
MOHITOPHHTY  AWHAaMIKM  JIIKyBaHHS  IaIli€HTIB.
Hampuknan, mnamieHTH, $Ki  OPOXOISATH  JIIKYBaHHS
anTuOioTHKamMy a00 MPOTUPAKOBY Tepallito, MOTpeOyIOTh
PETYJISIPHOTO KOHTPOJIIO 32 PiBHEM INEBHUX OioMapKepiB
Y KpOBI.

KosnopumeTpuuHi TecTH [0O3BOJISIOTH LIBHIKO
OI[IHATH KOHIICHTPAIIIO IIMX MapKepiB i TAKUM YHHOM
KOpUTYBaTH Tepamito. KpiM TOTo, KOHTPOJL piBHS
cienuivHEX  (EepMEHTIB Yy  KpOBi  JTO3BOJISIE
MOHITOPUTH €(EKTUBHICTh JIKYBaHHS IEYiHKH Ta
IHIIMX OpTraHiB.

OCHOBHMMH  TlepeBaraMM  KOJOpPUMETpil €
TOYHICTh BHMIpPIOBaHb, BUCOKA YYTJIUBICTh, HIBHJIKICTH
aHaji3y, MpoCTOTa B CKCIUTyaTallii Ta BiTHOCHO HHU3bKa
BapTiCTh OOJNAQJHAHHA Ta pEarcHTiB. Y MEIUYHHUX
JOCTIDKCHASX ~ KOJIOPUMETPisl  JTO3BOJISIE  BU3HAYATH
KOHIICHTpAIlii PEUYOBHH Y O10JIOTIYHHUX PiTUHAX, TAKUX K
KpOB, Ceda, CIIMHA, 1[0 MAa€ BUpIIIaIbHE 3HAYCHHS ISt
IarHOCTUKHA ~ 3aXBOPIOBaHb.  PO3MIITHEMO  OCHOBHI
repeBary [boro METo/y.

TouHicTh i BiITBOpIOBaHICTH pe3yabTaTiB

Konopumerpis  3abesnedye  BHCOKY  TOYHICTB
PE3YJIbTATIB, OCKUTBKH METOJ 0a3yEThCS HA 00 €KTUBHUX
BUMIPIOBaHHSX IHTEHCUBHOCTI KOJIbOPY, SIKI
0e3nocepeIHbO OB’ s13aHi 3 KOHIICHTPAIIEI0
JIOCITIDKYBaHOT PEYOBHMHH. 3aBIIKH 3akoHy byrepa-
JlambepTa-bepa MokHA OTpUMATH YIiTKY 3aJICKHICTH MiX
IHTEHCHBHICTIO 3a0apBIICHHSI PO3YMHY Ta KOHIICHTPAIIIEIO
peuoBunu. lle [03BONsiE MPOBOAMTH  MOBTOPIOBaHI
aHaJI3M, Pe3yNbTATH SKUX 3ATHIIAIOTHCS CTAOITBHUMH 33
YMOBH  JIOTpUMaHHS  JIaOOpaTropHHX  CTaHAAPTIB,
MPaBUIILHOTO KalOpyBaHHSI MPUJIAAy Ta BHUKOPHCTAHHS
SIKICHUX PEearcHTIB.

JiKyBaHHSI Ta

KOPHUCHOIO JJIA
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TouHiCTE METOMY TaKOX ITiBUIYETHCS 3aBISIKH
HOr0o BHUCOKIM YyTIMBOCTI JO MiHIMaJbHUX 3MIiH
IHTEHCHBHOCTI CBITJIa, II0 JIO3BOJISIE BUMIPIOBATH HAaBITh
HeBeNMKI KoHueHTpawii. lle ocoOimBO BaIMBO Y
MEUIIMHI JUIs TIarHOCTUKYU 3aXBOPIOBAaHb, Ji¢ HEOOXiTHO
MaTH TOYHI [aHi TPO KOHICHTPAINI CHEHU(PIYHIX
OiomapkepiB a00 METUKaMEHTIB y KPOBi.

Bucoka yyTauBicTh

Konopumetpist 3a0e3redye BHCOKY YyTJIMBICTH
METOJly, IO J03BOJIIE BHU3HAYATH HABITh JyXXe Mai
KOHIICHTpalii pedoBMH Yy po3unHax. Hampuknam, y
MEIUYHUX JOCIIDKEHHIX LIl METOJ JIa€ MOKIIUBICTD
BUMIPIOBaTH piBEHb T'OPMOHIB, (epMeHTiB, OUIKIB abo
[JIIOKO3M B KPOBi, HAaBiTh KONU IX KOHIEHTpAIil
MiHiManbHI. [le BaXJIMBO Ui paHHBOI JIarHOCTHUKHU
3aXBOPIOBAaHb T4 MOHITOPHHTY CTaHY MAII€HTIB, a TAKOXK
JUI  BIJICTe)KCHHS €(EKTHBHOCTI JIKYBaHHS. 3aBJIsSKU
YYTIUBOCTI METOJY KOJOPUMETPiS BHKOPUCTOBYETHCS
JUTSI BUSIBJICHHS HaBiTh HEBEJMKHUX BiIXHUJICHD BiJ HOPMH,
110 MOXKE OYyTH KPUTHYHUM JJIsl CBOEYACHOTO JIIKYBaHHSI.

HIBuakicTh MPOBeAEHHS aHAJIZY

Opniero 3 HAWOUTHIIMX TepeBar KOJOPUMETpii €
LIBUJKICTb, 3 SKOK MOXHA OTPHUMAaTH pe3yJbTaTH
anaizy. KoopuMeTpuaHi METOAM J03BOJISTIOTH 3a KiJTbKa
XBWJIMH BU3HAYUTH KOHICHTPAIIID PCYOBHH, IO €
0COONMBO BaXJIMBUM y MEAWYHHX JlabopaTopisx, e
4acTo MOTpiOHI pe3ynbTaTH «TYT 1 3apa3». Hanpuknan, y
BUMAJIKAX CKCTPEHOI MIarHOCTUKH (IpU Migo3pi Ha
iH}papKT, HIOKOBMH cTaH abo OTPYEHHS) IMIBHIKICTH
aHaNizy € BHPIMAIGHAM (aKTOPOM, OCKUIBKH Ja€e
MOJIMBICTB JIKapsM OTIEpATHBHO MPUHAMATH PIIIEHHS Ta
MTOYMHATH JIIKyBaHHSL.

KpiMm Toro, mBHAKICTE 1 TPOCTOTa BUKOHAHHSI
aHaJizy 3MEHIIYIOTh dYac OYiKyBaHHS pe3yJbTaTiB i
JIO3BOJISIIOTh  MTPOBOJUTH OUTBINY KIUTBKICTH TECTIB 3a
KOPOTKHH Tepiosl, 10 MiABUIYE ePEeKTHBHICTH PoOOTH

nabopaTtopii.

IIpocToTa B ekcniayarauii

KomopumeTpuuHni  aHami3m  BUKOHYIOThCS 32
JIOTIOMOTOK0 ~ BIJHOCHO MPOCTOrO Y  BHKOPHCTaHHI

00JaIHAHHS, SIKEe HE MOTPeOye CremiaTbHUX HABHYOK IS
0a30B0OTO 00CITyTOBYBaHHSI. Konopumerpu Ta
CreKTpO(OTOMETPH JIETKO HAIALITOBYIOTHCS Ta MAalOTh
3po3yMini iHTepdEHCH IS IPOBEICHHS BUMIpIOBaHb, 110
JI03BOJISIE MEJMYHUM TMpAIiBHUKAM [IBHIKO HABYUTHCS
poboti 3 mpwiagamu. lle BaxJMBO B yMoOBax, e
HEOOXigHE  ONepaTUBHE  TPOBEIEHHS  TECTiB i
00CITyrOByBaHHS BEJIMKOI KUTHKOCTI MAII€HTIB.

JonaTkoBoro MepeBaroro € MOJKJIUBICTh
aBTOMAaTHu3allii  MpoIecy:  CYydYacHI  KOJIOPUMETPHU
OCHAIIICHI MPOrpaMHUM 3a0€3MCUYCHHSM, SIKE JIOIIOMArae
aBTOMAaTHYHO 0O0poOisTH, 30epiraTh Ta aHaji3yBaTH
pesyabraty. Lle He nuire 3HmKy€e HMOBIPHICTD JIFOJCHKOL
MTOMHJIKH, aJlé W 3HAYHO CIPOILye OOpPOOKy MaHUX Y
BEJIMKHX JIaOOpaTopisX.

Hu3sbka BapTicTh

Konopumertpist € ogHUM i3 HaHOUIBII €KOHOMIYHO
BHTiTHUX METOIB aHai3y, 10 POOUTH ii JOCTYITHOIO JIS
OinpiiocTi MeauyHUX JlabopaTopid. Cami KOJOpUMETpH

Ta pEarecHTH MAaloTh BIJHOCHO HEBUCOKY BapTICTh
MOPIBHSAHO 3  IHIIUMH  METOAaMH, TaKUMH  SIK
xpomarorpagis uu Mac-criekrpomeTpis. Kpim Toro,
peareHTH, HeOOX i IHi ISl IPOBEICHHS KOJIOPUMETPUIHUX
aHaji3iB, 3a3BMYail € HEOOpOrMMHM 1  HIMPOKO
JIOCTYITHHAMH, III0 JIO3BOJISIE 3HU3UTH 3arajibHi BUTPATH Ha
JIarHOCTHKY Ta 30epiraTu OI0HKET MEAMIHHUX YCTAHOB.

Huspka BapTicTh aHami3y € OCOOJHMBO BaXKITMBOIO
ISl KJTHIYHAX T4 JIarHOCTHYHUX [EHTPiB, IO
00CITYyTrOBYIOTh BEJIMKI TPyNH HACEIEHHS, J€ IIOIHS
MOTpiOHA BeNMHWKAa KIJIBKICTh TECTIB JUIA TIAIi€HTIB.
KonopumeTtpis, TakuM 9uHOM, 3a0e3nedye eKOHOMIUHY
JMOUIBHICT, Yy TIOENHAHHI 3 BHCOKOK TOYHICTIO 1
HaAiHAHICTIO.

YHiBepcalbHICTh 32CTOCYBAHHSA

KomopumeTpist € yHIBepCaJIbHUM METOIIOM, SKUU
MOXxe OyTH BMKOPHCTaHMH JUIsi aHajli3y Pi3HUX 3pa3KiB
— Big Oionoriunux piguH  (KpoB, ce4a) 10
(hapMarieBTHYHUX MpernapaTiB Ta XiMIYHHX peakTuBiB. Le
PO3IIUPIOE  CIIEKTp 1 3aCTOCYBaHHA 1  JO3BOJISIE
BUKOPHCTOBYBATH 1i y PI3HUX MEIUYHHUX Ta HAYKOBUX
ramy3sx. Y  MEAWIUHI  KOJOPUMETPUYHI  METOIH
JIO3BOJISIIOTh BU3HAYATH KOHIIEHTpAIIil 0araTboX KUTTEBO
BOXJIMBAX KOMIIOHEHTIB, [0 MAalOTh 3HAYEHHS IS
JIIarHOCTHKY 1 KOHTPOJIIO PI3HUX CTaHIB.

Xoua KoJIOpHMETpisi Mae Oarato nepesar i LIMPOKO
BUKOPUCTOBYETHCS B  MCAWYHIA  JIarHOCTHII  Ta
aHajmizax, Lel MeTon He € iJeadbHuM 1 Ma€ IEeBHi
oOMeXeHHSI Ta HeIoJiku. BaxmuBo posymith 1
HEIOJIIKA, OCKUIBKM BOHH MOXYTh BIUIMHYTH Ha
TOYHICTh PE3yJbTATIB i, BiMOBIAHO, HA JIarHOCTUKY Ta
JiKyBaHHS TalieHTiB. Hikde po3riasHeMO OCHOBHI
HEJIOTIKN KOJIOPUMETPIi.

YyTtauBicTh 10 30BHiuIHIX dakTopiB

OnHuM 13 HaWOUTBIIMX HEIOJIIKIB KOJOPUMETPIi €
YyTJIMBICTH 10 30BHIIIHIX yMoB. [lapamerpm, Taki sk
TEMIIePaTypa, OCBITIICHHS Ta YHCTOTAa KIOBETH, MOXYTh
CYTTEBO BIUIMHYTH Ha pe3yJbTaTd aHamily. Hampukman,
3MiHA TEMIICpaTypd MOXKE BHUKIUKATA 3MiHU Yy
LIBUJIKOCTI peakwil Mi>K peareHTaMu, 10, B CBOIO YeEpry,
BIUIMHEC Ha IHTCHCHBHICTh KOJBOPY 1, BIIIOBIJHO, Ha
BUMIPIOBaHHA. TakoX, SKIIO KIOBETH abo Mocy, MO0
BHUKOPHCTOBYIOTBCS JIJISI aHAIli3y, HE OYMILEHI, 116 MOXe
MIPU3BECTH 10 3a0pyAHEHB, SIKi CIIOTBOPATH PE3YJIbTATH.
JlabopaTopii  MOBWHHI  JOTPUMYBATHCS  CYBOPUX
MIPOTOKOJIIB KOHTPOJIIO YMOB, IIOO 3BECTH 10 MiHIMyMY
BILIMB 30BHIIIHIX (DaKTOPiB Ha Pe3yJIbTATH.

HeoOxinnicTs y kaaiopyBaHHi

Jus JIOCSATHCHHS TOYHUX pe3yJbTaTiB
KOJIOPUMETPHYHI BUMIpIOBaHHS HOTpeOyIOTh
peryisipHoro KaniOpyBaHHS npuianis. KamiOGpysaHHs
3a3BUYail NPOBOJMTHCS 3a JONOMOIOI0 CTaHIAPTHUX
pPO3YMHIB BiZlOMOi KOHIEHTpamii. HempaBumpHe a6o
HEperyJIipHe KaliOpyBaHHS MOXKE TIPU3BECTH JIO
3HaYHHX MOXMOOK Yy pesympTarax. lle Bumarae
JIOMAaTKOBUX BHTpAT dacy 1 PECypCciB Ha peryJsipHy

mepeBipky 1 kamiOpyBaHHS, 1O MOXe OyTH
OOTSOKIIMBUM, OCOOJIMBO B yMOBaxX 3  BEIUKOIO
3aBaHTAKEHICTIO.
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OO0MeskeHHS B aHATI3I CKJIaTHUX cyMmilneit

Konopumetpist Mae meBHI OOMEXCHHS TIPU aHATi3i
CKJIaJTHUX CYMINICH, SIKi MICTATh KUIbKa KOMIIOHCHTIB 3
PI3HUMH CHEKTpaMH TOTTMHAHHA. Y TaKUX BHIQJKaX
pe3yipTaTd  MOXYTh OYTH CIOTBOPCHHMH  4epe3
HAKJIAJCHHA TIKIB TOTJIUHAHHS, IO YCKJIAIHIOE
iHTepIpeTamito JgaHux. Hampukmanm, y O10J0TI9HHX
pianHax, e MOXXYTh OYTH TPUCYTHIMH KiTbKa Pi3HUX
OinKkiB, cnerudivuai peakmii 3 OJHUM 3 HHUX MOXYTh
OyTh  3aBaXeHI  IHIIUMH  KOMIIOHEHTaMH, IO
MPU3BOANTH JIO HETOYHOCTI  BUMiptoBaHb. s
BHpIIICHHS ITi€l TPOOJIeMHU MOXYTh OyTH BUKOPHCTaHI
O1IBLI CKJIA/IHI METOIM aHalli3y, Taki sik Xxpomartorpadis
ab0 Mac-CIIEKTPOMETPIsi, ajieé BOHU YacTO € JOPOKIUMHU
1 BUMararoTh Ounplie yacy Ha aHami3. Peakuii Mix
peareHTamu, 10, B CBOI 4Yepry, BIUIMHC Ha
IHTEHCHUBHICTH KOJILOpY i, BiAIOBIAHO, Ha
BUMipIoBaHHs. Takox, SIKIIO KIOBETH abo Mocyn, IO
BHKOPHUCTOBYIOTHCS JIJISl aHAJI3y, HE OUYHUIIICHI, 116 MOXKe
MIPU3BECTH 10 3a0pyIHEHb, Ki CIOTBOPSTH PE3yIbTATH.
JlaGopaTopii TOBWHHI  JOTPUMYBATHUCS  CYBOPHUX
MIPOTOKOJIIB KOHTPOJIFO YMOB, 00 3BECTH JI0 MiHIMyMY
BILTUB 30BHINIHIX ()aKTOPiB HAa pE3yJIbTATH.

Heo0xinnicTh y kajgiopyBaHHi

Jns JIOCSTHCHHS TOYHHX pe3ybTaTiB
KOJIOPUMETPHYHI BUMIpPIOBaHHS HOTPEOYIOTh
peryyisipHoro KamiOpyBaHHsL mnpuiaaiB. KamiOpyBaHHs
3a3BMYail TPOBOAUTHCA 32 JOMNOMOTOK0 CTaHAAPTHHX
po3unHiB BimoMoi KoHueHTpauii. HemnpaBuibHe abo
HeperyspHe KajmiOpyBaHHS MOXE TPHU3BECTH  JIO
3HAYHUX TMOXMOOK y pesympratax. lLle BuMarae
JIOJIATKOBUX BHUTPAT 4Yacy 1 pecypciB Ha peryJspHY
MIEPEBIpKyY 1 KamiOpyBaHHS, O MOXKE OYTH OOTSHKITBHM,
0COOJTMBO B YMOBAX 3 BEITMKOIO 3aBAHTAXKEHICTIO.

OO0OMeskeHHS B aHATI3I CKJIaTHUX cyminneit

Konopumetpisi Mae meBHI OOMEKCHHS TIPU aHATi3i
CKJIaJTHUX CYMINICH, sIKi MICTATh KUIbKa KOMIIOHCHTIB 3
PI3HUMH CHEKTpaMH TOTJIMHAHHA. Y TaKUX BHIAJKaX
pe3yipTaTd  MOXKYTh OYTH CIOTBOPCHHMH  4epe3
HAKJIAJCHHA TIKIB TOTJIUHAHHS, 1[0 YCKIAIHIOE
iHTeprperanitlo aaHux. Hanpukmanx, y OiojorigyHmx
pianHax, e MOXXyTh OYTH TPUCYTHIMH KiTbKa Pi3HUX
OinkiB, cnerudivuai peakmii 3 OJHUM 3 HHUX MOXYTh
OyTh  3aBaXeHI  IHIIUMH  KOMIIOHEHTaMH, IO
MPU3BOANTH JIO HETOYHOCTI  BUMiptoBaHb. Jliis
BHpIIICHHS ITi€l TPOoOJIeMHU MOXYTh OyTH BUKOPHCTaHI
OUTBI CKJIQ/THI METOIM aHAIII3Y, TaKi K XpoMaTtorpadis
ab0 Mac-CIIEKTPOMETPIsl, ajieé BOHU 9acTO € JOPOKIUMHU
1 BUMararoTh OlJIbIlle Yacy Ha aHali3.

CkinaanicTs B po0OTi 3 NEeBHUMH 3pa3KaMHu

Jleski 3pa3ku  MOXYTh OyTH BaKKHUMH IS
aHamily 3a JOMOMOrorp KomopuMmerpii. Hampukian,

B’s3ki a00 MYKO3HI PIiJUHH MOXYTh YCKIaTIHUTH
BUMIPIOBaHHS, OCKUIBKM B HHX MOXYTh OyTH
TPpYAHOIII 3 PO3YMHEHHSIM peareHTiB abo 3
JNOCATHEHHSM  OIHOPITHOCTI  3pa3ka. Y  TakuX

BUITAJIKAX MOXKE 3HAJOOUTHCS TOTEPEIHS ITiIr0TOBKA
3pa3kiB, MO0 JOJAa€ JONATKOBHH eTam y TMpoIieci
aHaJIizy Ta MiABHILYE HMOBIPHICTH TOMUIIOK.

BapricTh peareHTiB i BUTpaTHHUX MaTepiaxiB

Xoua 3aranbHi BUTPaTH HAa KOJOPUMETPHUYHUI
aHaJli3 MOXXyTb OYTH HIMXXYNMMH, HDK Ha I1HIII METOJH,
BapTiCTh IIEBHUX PEAreHTIB 1 BUTPATHHUX MaTepiaiB
MO’Ke OyTH 3HA4HOIO, 0COOJMBO SKIIO MOBA Hae Mpo
BHCOKOSIKICHI CTaHmapTH abo crenudivyHi peakTHBH
IS CKJIAJHUX aHaliziB. Y pa3i BeIuKux oOCsTiB
TeCTyBaHb II€ MOXE CTaTH CEepHO3HOI0 CTaTTeIo
BHUTpaT, sika MOTpeOye yBarn 3 OOKy KepiBHHUIITBA
naboparopii.

Y 1930-x pokax OyB po3poONeHUN TepUINit
CJICKTPOHHUIN KOJIOPUMETpP, SKHH CTaB CIpPaBKHIM
popuBOM y Wi ranysi. lled mpunax mo3BOJSB OLIBIT
TOYHO BHMIPIOBATH IHTCHCHBHICTh MOTJIMHAHHS CBITJA 1
MPOBOJIUTH AaHajJi3 y aBTOMATUYHOMY PEKHUMI, IO
3HAYHO ITiIBUIHJIO TOYHICTH 1 3pYYHICTH JOCIIKEHb.

Cy4acHuii ~ eram  PO3BUTKY KOJIOpUMETPii
XapaKTepU3yEThCs TIOSIBOIO KOMI'IOTEPHUX  Ta
MTOPTATUBHUX KOJOPHMETPIB, sIKi 37aTHI 30epiraTu naHi,
aHaNi3yBaTH iX y peaJbHOMY dYaci Ta iHTErpyBaTu 3
nabopaTopHuMHu cucteMamu. ChOTOTHIIIHI KOJIOPUMETPH
MAalOTh BHCOKY TOYHICTb, TOPTATUBHICTH 1 JOCTYITHICTb,
0 JO03BOJSIE BHUKOPHCTOBYBATH IX HE JIHIIE Y
CIIEIiali30BaHUX JITAabopaTopisX, ajle W y TIOJIbOBUX
YMOBAax Ta HaBITh BIOMA.

OpHMUM 3 BapiaHTIB peastizalii KOJOPUMETPUYHOTO
METOZly KOHTPOJIO OI0JOTIYHMX PEUYOBHMH IPE/ICTABIIIE
co00r0 IpuJIaJl, OCHOBHOIO YaCTHHOIO SIKOTO € IU(POBUIA
natuuk (puc.2) [8].

CxemMa 1dpOBOrOo  JaTdyuka  BHMIPIOBAHHS
napameTpiB Oi0JOTIYHMX PEYOBHH (HAIPHUKIIAT KPOBi)
cknmagaeTbes 3 cBitmomionie HL1 — HL4 (puc.2 — 1),
TprOX cBiTHODiIETPIB (R, G, B) (puc.2 — 2), poTomionin
VD1 — VD4 (puc.2 — 3), HOpMYBaJIbHUX TIiICUITIOBAYiB
(puc.2 — 4), AIII (puc.2 — 5), perictpa crany (puc.2 —
6), mikpocxemu iHTepdeiicy RS-485 (puc.2 — 7), kanany
nepenadi nanux g0 EOM (mepcoHanbHHH KOMI'IOTEp,
MIKpOKOHTpOJIEpHUI mpucTpiii Tomo) (puc.2 — 8).
Ceitnomiomn HL1 — HL4, ¢oromiomun VD1 — VD4 ta
ONTHYHE CEpEIOBUILE, IO BUMIPIOETHCS, ITOBHHHI
pO3TaIlIOBYBATHCS B IUIOIIMHAX, CTPOTO IMapasieIbHUX
OJIHa OJTHIH, IO 3a0e3MEeYUTh BIICYTHICTh MOXHUOKHU Ta
napasuTHi BignzepkaneHs nosepxHi. ®inmbtpu RGB He
MTOBUHHI TIEPEKpUBATH CBITJIOBHWH IOTIK, MO Tajae Ha
dboTomiomn nans 3amobiraHHS HETOYHOCTI B POOOTI
JaTIUKA. Pexomenmyerscs BHKOPHUCTOBYBATH
cBitmomiomn HL1 - HL4 Ginoro Koimsopy 3
teMriepatyporo 5600 K.

Jnst  BUKIIOYEHHS MOXHOKH, Y  BUIAIKY
BUMIPIOBaHHS ~ 3a0apBJICHOTO  CBITJIOBOIO  HOTOKY,
PO3paxyHOK HOro iHTEHCHBHOCTI Oy/ie IPOBOAUTHCS IIO
emmnipuyHii Gpopmyi

Y =0,2125-R+0,7154-G +0,0721- B, 2)
ne 0,2125 — emmipuyamic KoeillieHT IJIsl YEPBOHOTO
konbopy (R); 0,7154 — emnipuunuii KoedilieHT mis
3eseHoro konbopy (G); 0,0721 — emnipuanuil KoedirieHT
IUTsL OTaKUTHOTO KOIbopy (B).

IlepeBara  3ampONOHOBAHOTO  TPUCTPOIO Y
NOpIBHSHHI 3 ICHYIOYMMHM TNOJIITA€ B PO3LIMPEHHI
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KOHIIEHTpamlii  pi3HUX  OiloMapkepiB y  3pa3kax

i +5V
OionoriyHMX  piguH. 3aBASKM CBOIM  OCHOBHHMM
1 - ceimmodiodu nepeBaraM, TakKMM SIK BHUCOKa YyTJIMBICTh, IPOCTOTa

06'EXmM QUCTIOXEHHS T BUKOPUCTAHH, IIIBI/IﬂKiCTI) aHani3y Ta EKOHOMIYHA

Mm‘ﬂ/l l J« J, Ll L JOOLIIBHICTb,  KOJNIOPHUMETPHYHI ~ METOOU  CTalH
ceimnosull nomix V .,

< HEBIJ’€EMHOIO YaCTHHOIO Cy4YacHUX J1abopaTopHUX
2- ceimpogpinempu b L] i l L l l ,I[OCJIi.Z()KCHL. Boun  n103BOIMIOTE  MEMUHMM
" \‘\\"D? B HpaiiBHUKaM OTPUMYBATH BOXKIHMBY iH(MOpMaI[iio npo
4=homodiolu 2 :% B@'_ W@ CTaH 3J0pOB’S MAL€HTIB, IO CIIPUSE CBOECYACHIM

\ . JIIarHOCTHIII Ta JIIKyBaHHIO 3aXBOPIOBAHb.

i i AU 4 .
4 - HopMysanshi nidcunioeasi \U v V v IlpoTe, HE3BaXKAKOYM HA YHUCICHHI II€pEBar,
) ‘ KOJIOPUMETPIsS Ma€ CBOi HEJONIKH, TaKi K YyTIWBICTh
S - BHanaeo-titibposl mepemeapiosat o1y | | aLira|(ALns ‘Aum‘ N0 30BHINHIX (akTopiB, notpeda B pEryJIAPHOMY
I I T I KanmiOpyBaHHi Ta oOmexena crenugivnicts. Lli

6 - pezicmp OOMEKEHHS  MOXYTh  BIUIMHYTH Ha  TOYHICTB

T pe3ynpTariB i, BINMOBINHO, HA SKICTh MEIMYHHUX

7 - MC imepgpeiicy RS485 BUCHOBKIB. Tomy BaximBo, mo0 JabopaTopil

8 - kaman nepedayi daHuX | BUKOPHCTOBYBAJIH KOJIODUMETPIIO B IOEAHAHHI 3
y éOM IHITNMHA METOIAMH aHaNi3y, TAKUMH SIK XpoMmaTorpadis

a00 IMyHOQHAIITUYHI TECTH, JUIS TOCITHCHHS HAWOiIbII
] HaJiHUX pe3yJIbTaTiB.
Puc. 2 — Cxema HI/I'(i)p(?BOFO.I[aT‘H/IKa BUMIPIOBaHHS B minomy, KOTOPHMETpis NPOIOBKYE
TMapaMeTpiB GIONOTIYHIX PEIOBHH pO3BHBATHCS, i HOBI TEXHONOTii Ta MiAXOAM 10
aHai3y MOXYTh 3HaYHO MIABUINUTH ii e()EeKTHBHICTD
i TOYHICTb. IMopanburi JIOCITiKEHHS Ta
YJAOCKOHAJIIEHHSI METOIB KOJOPUMETPil OOIlsOTh
PO3ILIMPUTH MOXIUBOCTI I[LOTO METOAY, pPOOJITYH
Horo me OiIbII KOPHUCHUM y MEIUYHUX 1 HAyKOBUX
cepax. 3arasoM, KOJOPDHMETpis €  IIHHUM
3. BucHoBok IHCTPYMEHTOM, SIKUH, npu MPaBUIBLHOMY
Konopumerpis € BaXIMBUM I1HCTPYMEHTOM B  BHUKOPHCTaHHI Ta 00EpEKHOCTI, MOXe 3a0€3IEYUTH
MEJMYHid  [IiarHOCTHUI, HAJAlOYU  MOXJIMBICTh  BasKJIMBI JaHi IS MiATPUMKH JialrHOCTHYHUX PilleHb
IIBMAKO, TOYHO Ta  EKOHOMIUYHO  BU3HAYaTH | [JOKPAIICHHS OXOPOHHM 3J0POB'S.

(YHKIIOHAJIBHUX MOKJIMBOCTEH LU(PPOBOro aTynka 3a
paxyHOK JoAaBaHHS (YHKIII BHMIDIOBaHHS CTYIEHS
NIPOHUKHOCTI ~ ONTHYHHMX CepefoBHLl (MarepialiB)
CBITJIOM.

Cnucok jgitepatypu

1. Acraxosa A. A. (2019). KonopumerpuyHi MeToAu aHatizy B MEAMIHHUX HociipkeHmsix. Kuis: Meauupna.

2. IHesuenko T. O. (2021). OcHoBu 6ioxiMiunoi KosopumeTpii. JIpBiB: HaykoBa gymka.

3. Menbunuyk C. B. (2020). Konopumerpist B kitiHi4Hil 1abopaTopHiii mpakTuii. Xapkis: 340poB'sL.

4. Byraituyk O. B. (2018). "Ilpunumnu xomopumerpii ta 1i 3acrocyBanus B memuimti". JXKypHan wiiHiqHOI nabopaTopHOl
niarsoctuky, 14(3), 123-130.

5. Tapan 0. M., & KoBamsuyk, H. 1. (2022). "AkTyansHi MUTaHHS KOJIOPUMETpIi B CydacHIH MemuiuHi". MeanuHui sxypHai
VYxpainu, 11(6), 45-50.

6. IMasnenko I. I1. (2020). "IlepeBaru Ta HenoJiKK KojxopuMeTpuaHUX MetofiB". CydacHi abopaTopHi TexHouorii, 8(2),
78-83.

7. 3o3yms, B. B., & Jlucenko, I'. TI. (2021). "Kosopumerpist: METO/H, MOXIIMBOCTI, OOMexeHHs". AHai3 Cy4acHUX METO[iB
nociimkens, 15(1), 90-96.

8. Ilat. u2016 06243 Vkpaina, MIIK GO1J 3/46, GOIR 21/133, G02B 5/20, F21V 9/00 Iudposuii mpuctpiii s
BUMIPIOBAaHHS IIPOHUKHOCTI onTtnuHHX cepeposuiy / Xopomaitno F0.€, CemenoB C.I', Jlumapenko B.B., €pumenko C.A.;
3asBHUK 1 TATEHTOBIACHUK XapKiBCHKUH HAIiOHAIBHHI yHIBepcUTeT panioenekrponiku. Ne 123529; 3assueno 25.10.2017;
omry6i. 26.02.2018, Bron. Ne 4 (2018).

Hapiiimna (Received) 17.10.2024
IpuitasTa 1o apyxy (accepted for publication) 21.11.2024

BIZIOMOCTI ITPO ABTOPIB/ABOUT THE AUTHORS

Xopomaiino IOpiii €BreniiioBH4 — K.T.H., IOIIEHT, 3aBigyBad Kadeapy NPOEKTyBaHHS Ta €KCIUIyaTalii eJISKTPOHHUX araparis,
XapkiBCbKHIl HaliOHAJBHUHM YHIBEPCHUTET pamioeleKTpoHikW, M. XapkiB, Ykpaina; e-mail: yurii.khoroshailo@nure.ua,
ORCID:0000-0002-4239-4357.

Yurii Khoroshailo — PhD, Head of Design and Operation of Electronic Devices Department of Kharkiv National University of
Radio Electronics; Kharkiv, Ukraine; e-mail: yurii.khoroshailo@nure.ua, ORCID:0000-0002-4239-4357.

© 10.€. Xopomaiino, [.K. Cezonosa, O.B. [ertspro, M.B. Kop6euskwuii, I1.M. bineupkuii, 2024 37



Metrology and Instruments 2/2024 MeTponoria Ta npunaau
Measurements BumiptoBaHHS

Ce3onoBa Ipuna KocrsaHTnHiBHa — K.T.H.,, JoueHT, mnpodecop Kadeapn KOMI IOTEPHO-IHTEIPOBAHUX TEXHOJIOTIH,
aBTOMaTH3allii Ta poOOTOTeXHiKH, XapKiBChbKUIl HAl[lOHATPHUN YHIBEPCHUTET PalioeieKTpoHikH, M. XapkiB, YkpaiHa; e-mail:
iryna.sezonova@nure.ua, ORCID: 0000-0002-9396-7434

Iryna Sezonova — PhD, associate professor, professor of Department of Computer-Integrated Technologies, Automation and
Robotics, Kharkiv National University of Radio Electronics; Kharkiv, Ukraine; e-mail: iryna.sezonova@nure.ua, ORCID: 0000-
0002-9396-7434.

JertsproB Ouiexcanap BajleHTHHOBHY — K.T.H., JOIEHT, JOLIEHT Kadeapu iH(pOpMaliiHO-BUMIPIOBAIFHUX TEXHOJIOTIH,
XapKiBCbKHiIl HAlliOHANBHUIM YHIBEPCHUTET palioeNeKTpoHiku, M. XapkiB, Ykpaina; e-mail: oleksandr.degtiarov@nure.ua,
ORCID: 0000-00002-3187-1621.

Oleksandr Degtiarov — PhD, associate professor of Information and Measurement Technology Department, Kharkiv National
University of Radio Electronics; Kharkiv, Ukraine; e-mail: oleksandr.degtiarov@nure.ua, ORCID: 0000-00002-3187-1621.

Kop6eubknii Makcum BikTtopoBnu — acmipant kadenpu iHGOpManiiHO-BUMIPIOBAIBHUX TEXHOJOTiH,  XapKiBChKHH
HalliOHAJIGHUH YHIBEPCHUTET pajioeNeKTPpOHIKH, M. XapKiB, Ykpaina; e-mail: korbetskyy.maksym@gmail.com, ORCID: 0009-
0002-6116-2479.

Maksym Korbetskyy — postgraduate student of Information and Measurement Technology Department, Kharkiv National
University of Radio Electronics; Kharkiv, Ukraine; e-mail: korbetskyy.maksym@gmail.com, ORCID: 0009-0002-6116-2479.

Binenskuii  IMaBio MukosaiioBud — acmipaHt kKadeapd MiKpOESICKTPOHIKH, EIeKTPOHHHX HPHIAIiB Ta MPUCTPOIB,
XapkiBCbKHIl HaliOHAJIBHUI YHIBEPCHTET palioeNIeKTpOoHIKM, M. XapkiB, YkpaiHa; e-mail: pavlo.biletskyi@nure.ua, ORCID:
0009-0000-6644-9669.

Pavlo Biletskyy — postgraduate student of Microelectronics, Electronic Devices and Appliance Department, Kharkiv National
University of Radio Electronics; Kharkiv, Ukraine; e-mail: pavlo.biletskyi@nure.ua, ORCID: 0009-0000-6644-9669.

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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NTOCJIIKEHHS ITPUJIATOBOT O 3ABE3NEYEHHS OLITHIOBAHHS
SAKOCTI EJIEKTPUYHOI EHEPI'TI

O.C. Kpunnnpkuii, P. b. Pubunn
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AHoTamis

IIpoBeneHo aHaii3 MOKa3HUKIB SIKOCTI €IEKTPUYHOI €Heprii sKi perjaMeHTOBaHI €BPONEHCHKIMH 1 HalliOHAJBHUMU CTaH-
napramu Ykpaind. JlocmimkeHo GakTopy sSKi BIUTMBAIOTH Ha SIKICTh €JIEKTPUYHOI eHepril. Po3risHyTi npmianyn siki JO3BOJSIOTH
araparypHO OLIHIOBATH SIKICTb €IeKTPUYHOI eHeprii Ta IX 0COOIMBOCTI KOHCTPYKTHBHOTO BUKOHAHHSI.

KurouoBi ciioBa: sKiCTh €JIeKTPUYHOI eHeprii, 3aC00M BUMIPIOBAIIBHOT TEXHIKH, 3aKOHOJABYE PEryJIIOBAHHSI, CTAaHIAPTH 3

SIKOCTI €JIeKTPUIHOT eHeprii.

1. Beryn

SKicTh eneKkTpoeHeprii cTaja BaKIMBOIO TpodIe-
MOIO JIUISi €HEPreTHYHUX CHUCTEM Ta EJIEKTPHUYHUX IpH-
crpoiB. [lana npoOiema € JOCUTh aKTyaJbHOIO Ha JaHWH
qac, ajie, He3BAYKAIOUH Ha BEJIUKY KITBKICTh ITyOJTiKaIiii,
TEpMiH “SKICTb eNeKTpOoeHeprii” Tak i He OyB OCTATOYHO
Bu3HadeHui [1]. OmHak Maibke BCi aBTOPH BU3HAIOTH, IO
Lle BKJIMBHI acHEeKT CUCTEM XMBJICHHS, KU Oe3noce-
pPEIHBO BIUIMBAE Ha €(PEKTHBHICTh CKCIUTyaTaIlil eJeKT-
poobnanHaHHs, oro 6e3neky Ta HasilHicTb. Pi3HI aBTO-
PY BUKOPHUCTOBYIOTh TEPMIH «SIKIiCTh EJCKTPOCHEPTii» 3
pi3HUM (QI3MYHUM 3MICTOM, 30KpeMa BiH BUKOPHCTOBY-
€TBCS SIK CHHOHIM JO HAIIMHOCTI Ta SIKOCTI ITOCTAYaHHs;.
Amnanizyrouu iXHi npaii, MOXHa 3pOOUTH BHCHOBOK, IO
SIKICTh  €JIGKTPOCHEPTii, K MpaBWiIO, BU3HAYAE SKICTh
Harpyru abo cTpyMy Ta Mo)ke OyTH BH3HAuU€HA i3 BUMi-
PIOBaHHSI Ta aHAJI3y HANpPyTH, CHHYCOiMaIbHOCTI GopMH
CHT'HAITy Ta YacTOTH.

B [2] aBTOpHM pO3AUIAIOTH JpKepena TeHepyBaHHS
CIIOTBOPEHb B MEpEXi Ha TPH KaTeropii: Maii Ta mnepe-
OauyBaHi (HampuKiIaa, MOOYTOBI CIIOKWBadi, IO TeHE-
PYIOTh TapMOHIKHM), BEJIMKI Ta BHNAJIKOBI (HANpUKIAL,
CIIOKMBAYi IO CTBOPIOIOTH KOJIMBAHHS HAIIPYTH) Ta Be-
JMKi nepen0adyBaHi (HalpHKIaA, BHCOKOIOTYXKHI CIIO-
YKUBAYi, TakKi SK IPOMHUCIIOBI i ATPHEMCTBA).

Cunijy TakoXX 3ayBaKHTH, IO 32 CTATHCTHKOIO MO-
Hax 60% mpobieM 3 SKICTIO eJIeKTPOSHeprii crpuInHe-
HI NIPUPOJHUMHU Ta HemependavyBaHUMHM IIOMAISMH, Ha-
MPUKITa, Le TOIUPEHHs TPO30BHX IIEPEHAINpPYT, reoMa-
THITHO IHAYKOBaHI CTPYMH IIOB’S3aHi i3 COHSYHUMHU
cramaxamu [3].

Takox € MOXJINBI pKepeda, sIKi BIUTMBAIOTh HA SIK-
iCTh €JIeKTpOCHEPril, Ha eTami ii TeHepyBaHHS Ha €JIeKT-
POCTaHIIsIX, Ha eTali Po3MOJUTy i TPaHCIIOPTYBaHHS 0
KiHIIeBOTO criockuBava. Cepell HUX, MOXKHA BHIUIUTH Ha
PI3HMX eTamnax Taki NPUYMHY 3HWKEHHS SIKOCTI EJIEKTpH-
9HO1 eHeprii.

Ha erarmi renepyBanns. He3Baxkaroun Ha Te, 1110 CH-
HXPOHHI I'€HEpaTOpH I'eHEpPYIOTh MaibkKe ifealbHi CHHY-
coimanbHi Hampyrd (BMICT TapMOHIK CKJIaga€ MEHIIe
3%), icHyrOTh MpoOJIeMH, MOB’s3aHi 3 TXHIM TEXHIYHUM
00CITyTOBYBaHHSM 1 1HITUMH TOISIMH, SKi TPHU3BOISTH
JI0 BUMYILCHHUX BiJKJIIOUCHb CIIO)KUBAYiB.

Ha erami mepemaui. Ilig Wac mepemaui THIIOBUMHU
npodeMaMu €: CTpUOOK HanpyTH (3a YMOB CHJIBHOTO BiT-
Py, IO TMPU3BOIUTS JIO MepeOoiB y ocTadaHHi ab0 BHIIAI-
KOBHIX KOJINBaHb HAIIPYTH), OJIMCKABKA, IO TIPU3BOIMTE JI0
Pi3KMX CTpHOKIB, MPOOiH eIEKTPUIHHX 130JITOPIB, IPOBa-
JI HATIPYTH Yepe3 HeCTPaBHOCTI, TIEPEXiTHI IepeHanpyTHy,
CIIPHYMHCHI PI3KOK0 3MIHOK) HABAHTAKCHHS EMHICHOTO
abo0 1HAYKTHBHOTO XapakTepy, HelpaBUIIbHA PoOOTa TpH-
CTPOiB aBTOMAaTHMYHOTO PETYJIIOBAHHS HANPYTH, IO MOXE
NPHU3BECTH JI0 TPHBAIIMX KOJIMBaHb HAPYTH.

Ha erani posnoainy. TunoBumu npoGiemamu, siKi
BUHUKAIOTh y CHCTEMAxX PO3MOJIY, €: IPOBAIH, CTPUOKH
Ta NEPEepUBAaHHI HANPYTH, NEPEXiJHi IepeHanpyry, He-
npaBuiIbHa poOOTa NPUCTPOIB PErYIIIOBAHHS HAPYTH.

KiHIeBuii CrIOKMBAY TaKOXK MOKE BIUIMBATH HA SIK-
ICTh EJIEKTPUYHOI €Heprii B Cy4aCHHX E€HEProCHUCTEeMax.
Jesiki 3 HUX MOXYTh OyTH TaKMMH: TAPMOHIKH, SIKI CTBO-
pEHi HeNMHIHHUMY HaBaHTAKEHHSIMH, TAKUMHU SIK TIPHBO-
I 3 PeryjbOBaHOI0 LIBHAKICTIO, JDKepena Oe3nepeoiid-
HOTO >KHMBJICHHS, JIA3€PHI PUHTEPH, KOMIT I0TEPH; KOJIH-
BaHHS YacTOTH, KOJHM BHKOPHUCTOBYIOTbCS BTOPWHHI Ta
PE3epBHI JDKepena KHUBJICHHS, TakKi SK JU3ETbHI reHepa-
TOpH; HENpaBHUIIbHE 3aCTOCYBaHHS TEXHOJIOTIH abo mpa-
BUJI [IPOKJIAJAHHS €JIEKTPOIIPOBOIKH.

MerToro po6oTH € BUBUCHHS NapaMeTpiB i GpakTopiB
SIKi BIUTMBAIOTH Ha SKICTh €NEKTPUYHOI €Heprii Ta IToCTTi-
JDKCHHSI TIPUNIAIIB I €KCIIEPUMEHTAIBHOTO OLHIOBaH-
HS SIKOCTI €TICKTPUIHOI EHeprii.

2. Bukjax 0CHOBHOT0 MaTepiaJry

Ipu pocmimKeHH] SKOCTI SNCKTPUYHOT SHeprii BHIi-
JISIFOTh «CTAIlIOHAPHI» Ta «HECTAIllOHApHI» sBUIIA. Y JIe-
SKUX HOPMaTHBHHX JOKyMeHTax (Hanpukian, IEEE-519)
BHUKOPHUCTOBYIOTH ()OPMY XBUIJII (TPUBATICTH 1 aMILTITYy)
Jutst Kiacuikarii mpo6sem SKOCTi eNeKTpOeHeprii.

[le ogamM i3 QakTopiB, KUK MOXKE BIUIMBATH Ha
SKICTh €JIEKTPUYHOI €HEeprii € BUIIY NEePeXiJHUX NPOLIECIB
B eHeprocucremi, ToOTO HebaXkaHi M KOPOTKOYACHI TT0-
7, SIKi BUKIHKAIOTH CTIOTBOPEHHS B MEpeski. IX xapakTe-
pUCTHKH Ta (OPMH CHUTHAJIB 3ajeKaTh BiJ MeXaHI3My
YTBOPEHHSI Ta TApaMeTPiB MEPExKi.

[lepexinHi mporecn MoXkHA KiacudikyBaTH 3a 0a-
raTtbMa XapakTepHHUMH KOMIIOHEHTaMH, TAKUMH SIK: aMIl-
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JiTya, TPUBAIICTh, YaC HAPOCTAHHS, aMIDTITY/JHA CIICKT-
palbHa MIUTLHICTh 1 YacToTa BUHHWKHEHHsS. [lepeximHi
npouecy 3a3Bu4ail Ki1acu(ikyloTh Ha JBi Karteropii, iM-
MyJILCHI Ta KOJMBAJBHI [4].

Ile ogauM i3 hakTOpiB, IO MOXKE BIUTMBATH HA SK-
ICTh EJIEKTPUYHOI E€Heprii € KOPOTKOYacHi KOJMBaHHSI
Harpyrd. 3rigHo i3 crangaproMm IEEE-1159 Bunustorscs
HACTYITHI TEPMIHU: «IPOBaJ HAMPYTH» Ta KOPOTKE Iie-
pepuBaHHs». [lepepuBaHHs TPAIUIAETHCS, TOMI, KOJIH Ha-
mpyra KUBJICHHS (200 CTPYM HAaBaHTAXKCHHS) 3MCHIIY-
€ThCS 710 3HAYCHHS, SIKE € MEHIIe HWKHBOI MEXi poOOTH
MIPOTATOM MeHIe Hix | XBuiauHH. Pi3HHIL MiX TpHBa-
7010 (200 CTIMKOI0) MEepepBOI0 Ta MEPEPUBAHHSAM € B TO-
My, IO B MEPIIOMY BHIIAAKY I0/a4a BiJHOBIIOETHCS
BpYy4Hy, a Il 9ac APYroro — aBTOMAaTHYHO. 3a3BHYai,
MIepEepPUBAHHS BUMIpPIOEThCS Horo tpuBaiicTio [5]. Ha-
NPUKJIAN, 3riJHO 3 €BponeichkuM ctannaproM EN-50160
ICHYIOTB Taki Horo pisHOBUAH [6]: KOpPOTKa mepepna Jio 3
XBHJIVH, TPUBAJIA MIEPEPBA, KA MEPEBUIYE 3 XBIIIMHU.

Ha ocHoBi cranmapry IEEE-1250 mnepepuBaHHs
KI1acH(iKYIOThCS TaK: MUTTEBE, SIKE CTAHOBUTH Bix 0,5 10
30 1mKIIiB; KOPOTKOYACHE CTAHOBUTH BiJ 30 IUKIIB 10 2
CEKyH]l; THMYacoBa TMepepBa CTAHOBHUTH BiJ 2 CEKYHI 110
2 XBWIWH; TpUBaJia IIepepBa TpUBa€ OibIlle 2 XBUJIHH.

B YkpaiHi nuTaHHS SIKOCTI €JEKTPUYHOI eHeprii pe-
TYIIIOIOTECS CTAaHAApPTaAMU Ta HOPMAaTHBHIMH akTamu. Ha-
npuknan craamapT ACTY EN 50160 [6] Bu3Hauae BUMOTH
JIO SIKOCTi €JICKTPUYIHOI €Heprii B €IeKTPUIHNX Mepexax
3araJbHOrO KOPHCTYBaHHS Ta BCTAHOBIIOE JIOIMYCTHMI
MEXI U1 TAKUX XapaKTEPUCTHK, SK Hampyra Ta ii KoJju-
BaHHs, YaCOBI KOJIMBAHHS YaCTOTH, TAPMOHIKH, iXHi piBHI
Ta iHmi napamerpu. Hopmaruehuit nokymenr COY HEK
03.120.4-14:2021 [7] peryJitoe MUTaHHS SKOCTI €JIEKTPHY-
HOI eHeprii B YkpaiHi. BiH MicTUTh BUMOTH JI0 €JIeKTpHY-
HUX MEPEeX, 10 3a0e3MeuyIoTh eIeKTPUIHY SHEpPTii0 CIo-
JKHBa4daM, a TaKOXK KPUTEPii i1 KOHTPOJTFO 3a SIKICTIO MOC-
TadaHHs enektpuaHoi eHeprii. Cranmapt JICTY IEC
61000 [8] BimoOpakae METOM BUMIpPIOBAHHS, JTOITYyCTHMI
MeXi Ta BIUIMB TAPMOHIK Ha SIKICTh €JIeKTPUIHOT SHeprii.

Jani KOpOTKO pO3IIITHEMO NOKa3HUKH SIKOCTI eJIeK-
TPUYHOI eHeprii, siki BigoOpaxkeHi sIK B €BPONEHCHKUX,
Tax i B YKpaiHChKUX CTaHIapTax.

Iposanu (npocioanns) nanpyeu. IlpociganHs — 1e
KOPOTKOYACHI 3HIKEHHS 3Ha4Y€Hb CEepeIHbOKBaPATHYHOT
Hanpyru. Hemae 4iTKOro BH3HAuYEHHs TPHBAJIOCTI MPOCi-
JIaHHs, ajie 3a3Bu4ail BoHO TpuBae no0 1 xpwwHU. [Ipoci-
JTAHHS HAaNpYTH, 3a3BUYall, BHHUKAE 3 TAKUX MIPUIHH:

* TAKJIFOUCHHS TTOTYKHUX HABaHTaKEHb,

* OTUHOYHE 3aMHKaHHA (ha3 Ha 3eMITIO,

* IepeMUKAaHHSA HABAHTAKCHHS.

KoxeH 13 1ux BHIAJKIB MOKE BHUKIHUKATH TPOCi-
JIaHHS. 3 MEBHOIO XapaKTEPHUCTUKOIO 32 BEJIMYUHOIO Ta
TpuBANICTIO. J[JIs1 3amo0iraHHs JaHUX HETaTHBHUX SBUIIL
B OCHOBHOMY BHKOPHCTOBYIOTHCS JpKepena Oe3mepeliid-
Horo xwuBneHHs ([IbJK) abo crabinizaropy HanpyTry.

Iepenanpyea. 301NbIICHHS BEIMYUHKA HAIPYTH Ha
110 - 180% Bix mo4aTkoBOi (OMOPHOI HANPYTH) HA3MBa-
€ThCs TiepeHanpyror. Haibinpn npuitHITHA TPUBAIICTh
MepeHanpyru CTaHOBUTH Bix 0,5 mmkiay mo 1 XBUIMHU
[9]. TlepeHanpyru 3ycTpidaroThCs HE TaK YacTo, SK MPO-
CiTaHHSL.

Sk iy Bunaaky npociganss, JIbXK abo crabinizato-
Y € TUIIOBMMH PILICHHAMHU JJIsI OOMEXKCHHS e(eKTy Tie-
peHaIpPYTH.

Josezompusani sminu Hanpyeu. BiamoBigHo 1o cra-
uaaprie (IEEE-1159) BinxwieHHs cepelHbOKBAAPATHY-
HOTO 3HAYEHHS HANPYTH Bill HOMIHAILHOTO OiNbIIe, HiXK
Ha | XBWIMHY, Ha3WBA€THCS IOBIOTPHBAJION 3MiHOIO
Hanpyrd. OCHOBHIUMH TPUYWHAMH TPUBAIHMX KOJIHBAaHBb
(3MiH HampyTH) € KOJUBAHHS HABAHTAXXCHHS Ta TICPEMHU-
kanHs cuctemu. [EEE-1159 moninse 1i momii Ha Tpu Ka-
Teropii: TpuBale NepepuBaHHSA, 3HIDKCHA Halpyra Ta
nepeHanpyra [5, 6].

TpuBane mepepuBaHHs € HaWCEpHO3HIMIOW 1 Haii-
OUTBII TPUBAIOKO MOJIEI0, TIOB’SI3aHOKO 13 SKICTIO €JICKT-
pOEHeprii, i1 Yac sIKOi Halpyra Majae a0 HyJis 1 aBToMa-
TUYHO HE TMOBEPTAETHCA JO HOMIHAJIBHOTO 3HAYCHHS.
3riguo i3 BusHauenHsMm IEEE, tpuBaiicTs Takoi nepepsu
CTaHOBUTH OibINE 3 XBHIWH, KUJIbKICTh TaKUX TIEPEPB €
B)XJIMBOIO XapaKTEPUCTHKOIO I BUMIpIOBAaHHS 37aTHO-
CTi eHepProCUCTEMH HAIaBaTH MOCIYTH CTII0)KABAYaM.

Jlucoananc nanpyeu. SIxmo Hanpyru TpudasHoi cu-
CTEeMH HE OJTHAKOBI 32 BEIMYMHOIO 200 pi3HUI (a3 Mix
HUMH He cTaHOBHTH 120 rpamyciB, BUHHKae aucOaIaHc
HarpyT [5]. OCHOBHMMH NPUYMHAMH ANUCOANIaHCy Hampy-
TH B CHEProCUCTEMax € He30allaHCOBaHE OJMHO(A3HE Ha-
BaHTaXEHHS B TpU]azHiii cucremi.

Cnomeopennst ¢oopmu cuenany. CtalioHapHE BiIXHU-
JICHHS BiJl CHHYCOIM HAa3WUBAETHCS CIIOTBOPEHHsM (DopMu
cHrHaNy. IcCHy€e IT’ITh OCHOBHHX THIIIB CTIOTBOPEHb CUTHA-
JIy: 3MIIIEHHsI 32 JJOTIOMOT'OI0 TTOCTIHHOTO CTPyMY, TapMo-
HiKH, IHTePrapMOHIKH, CIOTBOPEHHSI HATIPYTH Ta SJIEKTPH-
9HHAN TIyM. 111 TEOPETUIHOTO aHaJli3y HECHHYCOinaabHOT
(hopmu cUrHAITY 3a3BHYall BAKOPUCTOBYETRCS psi Dyp’e.

3miwennsa 3a donomozoro nocmitinoeo cmpymy. Ha-
SIBHICT KOMIIOHEHTA TIOCTIHOTO cTpyMy ab0 Hampyru B
CHCTEMi 3MIHHOTO CTPYyMYy HA3MBAETHCS 3MIIICHHIM 3a
JIOTIOMOT0I0 TIOCTIHHOTO cTpyMy. OCHOBHHMH NpHYHHA-
MU BUHHKHCHHS 3MIIIECHHS MIOCTIHHOTO CTPyMY B CHCTE-
MaxX JKUBJICHHS € BUKOPHCTAHHS BHUIPSAMIIIYIB Ta 1HIIHX
CIICKTPOHHHUX KOMYTAIIHUX MPHUCTPOIB, a TAKOK TeoMa-
THiTHI 30ypeHHs [7].

OCHOBHHMM WIKIJUIMBUMHA HACJIIKaMH Bl HasBHO-
CTi MMOCTIHHOTO CTPYMY B 3MiHHUX MepexKax €:

* HaCHYEHHS ocepsl TpaHchopmaropa;

* reHeparlis MapHUX TAPMOHIK;

* JIONATKOBE HarpiBaHHSA TpaHcHOpMaTOpiB, IO
MPU3BOJNTH JIO 3MCHIICHHS iX TCPMiHY CIIy»kOH, JIBHTY-
HIB 3MiHHOTO CTPYMY Ta €JICKTPOMATHITHUX IPUCTPOIB;

* CIICKTPOJIITUYHA €PO3ist 323EMITIOIOUNX EIICKTPOIIB.

Tapmonixu — 11e cuHycoinabpHi Hanpyru abo cTpy-
MH 3 YaCTOTaMH, KDATHUMHU OCHOBHI 4acTOTI €HEeprocuc-
temu (3a3Bu4aii 50 ado 60 I'm). [lepiognuni HecuHycoina-
JIbHI CHTHAJT MOKYTh OYyTH Tij1aHi po3knany y psa yp’e
Ta PO3KJIaicHI Ha CyMy OCHOBHOI CKJI/IOBOT Ta TAPMOHIK.

OCHOBHMMH HETaTHBHUMH BIUTBaMH I'APMOHIK €:

* T IBUIIICHHS TIOXMOOK BUMIpIOBaHHS KOHTPOJIHHO-
BHAMIPIOBAJILHUMH 3aC00aMHU;

* JIOJAaTKOBI BTpaTH B KOHIEHCATOpax, TpaHCGOp-
Maropax i 00epTOBUX MalllHAaX;

* IOJATKOBUH IIyM BiJl IBUTYHIB Ta iHIIIOTO 00aI-
HaHHSL.
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PexoMeH1OBaHUMY PIIICHHSIMU JUTS 3MCHIIICHHS Ta
KOHTPOITI0 TAPMOHIK € 3aCTOCYBaHHs IaCUBHHX, a00 ak-
THUBHHX, 200 riOpuaHux QinabTpiB, a0 creuiaabHUX HPH-
CTpOiB >KUBJICHHS [8].

Cnomeopennss nanpyeu. llepioguuHe 3pocTaHHS
HaIpyTH, BUKJIMKAaHE MEPE)KEBUMH KOMYTAIliHHUMH TH-
PHUCTOPHHUMH CXEMaMH, Ha3WBAETHCS CIIOTBOPEHHSM Ha-
npyru. BoHo BUHUKAE y GopMi XBWIII JIHIHHOT HANIPYTH
ITiJ] 9ac HOPMATLHOI pOOOTH CHIIOBUX EJIEKTPOHHHUX MPH-
CTPOIB, KOJIM CTPYM TI€PEMHKAETHCS 3 OnHiel (azn Ha
iHmry. IlpoTsroM 1pOTO TeEpiogy iCHYye KOpOTKOYacHE
3aMUKaHHS MIX JJBOMa KOMYTYIOUUMH (ha3aMu, 110 3HHU-
KY€ HAIPYTy B MEPEkKi OCKUILKM 3HIDKCHHS HAMpyrd
00ME)XKy€ETHCS JIMILE OTIOPOM CHCTEMH.

CIIOTBOPEHHS HAIMPYTH € MEPIOJUYHUM SIBUILEM 1
MOXxe OyTH OXapakTepu30BaHE HOr0 YaCTOTHHM CIEKT-
pom. YacTtoTa LbOTO CIEKTpY € JOCHTH BHCOKA. 3a3BH-
Yaif, HEMOXJIUBO BUMIPATH HOTO 3a JOMIOMOTOI0 OOJaj-
HaHHS, K€ BUKOPUCTOBYETHCA IS TAPMOHIYHOTO aHATi-
3y. CIIOTBOpPEHHS HAIIPYTH MOXKE CTBOPIOBATH JOIaTKOBE
HaBaHTAXEHHA Ha 1300 TpaHchopMaTopiB, reHepa-
TOPIB 1 YyTJIMBOTO BUMIpIOBAIBHOTO OONMamHaHHs. Jleski
cramapty (IEEE-519) BcTaHOBIIOIOTH OOMEKEHHS IS
TPUBAJIOCTI CIOTBOPEHHS HanpyrH [4].

Enexmpuuni nepewxoou. EnekTpuuHi neperkonu
BU3HAYAKOTHCS K HeOaXaH! CICKTPUYHI CUTHAIHU 3 IIH-
POKOCMYTOBUM CIieKTpasibHUM BMicToM Hipkue 200 k'
[8], sxuii HaKIAJAETHCS HA HANPYTY ab0 CTPYM CHUCTEMHU
XKMBJICHHS B (Da3HMX NPOBiAHMKaX ab0 HEUTpaIbHHUX
MIPOBIJHUKAX YW CUTHAIBHUX JiHIsAX. EnexTpudHi mepe-
IIKOAX MOXYTh BHWHHKATH BHACIIIOK HEMPAaBUIEHUX
3’€IHAHb Y CUCTEMax Iepenadi abo po3moiny, JyroBUX
medax, eJIeKTpOoIedax, CHIOBHX EJIEKTPOHHHX IPHUCTPO-
SIX, CXeMaxX KepyBaHHS, 3BaplOBAIbHOMY OOJIaTHAHHI,
BHACJIIJIOK HETIPABMIBLHOTO 3a3eMJICHHS TIPHUBOJIIB 3 PETY-
JIbOBAHOK MIBHIKICTIO. [IpoOieMy MOKHA MOM’SIKIITUTH
3a jornomorolo (uteTpiB abo Tpanchopmaropis. Enexr-
PUYHHI IyM BIUIMBA€ HA CJICKTPOHHI MPHUCTPOI, TaKi K
MIKPOKOHTPOJIEPH Ta IPOrPaMOBaHi KOHTPOJIEPH.

Konusanns manpyeu — 1ue cucreMatuuHi Bapiamii
Hanpyru ab0 BUMAAKOBI 11 3MiHH, BEIMYNHA SKHX, 3a3BHU-
Yai, He TIEPEBHUIITYE BCTAHOBJICHUX Jiala3oHiB HAMPYTH,
kotpi Bu3HaueHo y JICTY EN 50160 [6]. KonuBanus
HaTPyTH MOMIJISIOTHCS Ha JIBI KaTeropii:

* CTYIICHEBI 3MiHH HalpyTH, peryJLsIpHi a00 Hepery-
JISIPHI B Yaci;

* UKJIIYHI a00 BHIIAJKOBI 3MIHU HANPYTH, BUKIIU-
KaHi 3MiHAMY HaBaHTA)KCHHSL.

KonuBaHHs Hampyru MOTIpHIYIOTH MPOIYKTUBHICTh
poboTH 00NaJHAHHS Ta CHPUYUHSIOTH HECTaOUIbHICTH
BHYTPILIHIX HANpyT i CTPyMIB €JIEKTPHYHOIO 00JIaHaH-
Hs. OnHak KonuBaHHS Hanpyru MeHie 10% He BIIMBae
Ha eJICKTPUIHE 00JIaHAHHS.

Drixep OMHACYETHCS SIK «HETIEPBHI Ta MIBHIKI 3MiHH
BEJIMYMHH CTPYMy HaBAaHTAKCHHS, IO BUKJIUKAIOTH 3Mi-
HU Hanpyru». TepMiH “¢uikep” MOXOIUTH Bill BIUTUBY
KOJIMBAaHb HAIPYTH Ha JIAMITH TaKUM YHHOM, IO JIFO/ICBKE
OKO crpuiiMac iX MepexTiHHs. [IpuanHOto TosiBH (rike-
pa € 3MiHa YaCTOTH JKUBJICHHS, TOOTO BIIXWICHHS OCHO-
BHOT 4aCTOTH €HEPrOCUCTEMH Bijl 33JaHOI'0 HOMiHAJIbHO-
ro 3HaueHHs (Hampukian, 50 abo 60 I'm) [10]. Skmo 6a-

JIaHC MDXK T€HEpalli€lo Ta NOIHUTOM (HaBaHTA)XCHHSIM) He
HiITPUMYETBCS, 4acTOTa €HEProcucTeMu Oyne BiAXHIIs-
THCSl Yepe3 3MiHM IIBHJKOCTI 0OCpTaHHS eJeKTpoMexa-
HIYHMX reHeparopis. Benmuuna BigxuieHHs Ta il TpuBa-
JICTh 3ajJeXaTb BiJ XapaKTEPUCTHK HABAaHTaKCHHsS Ta
peaxIlii cucTeMy KepyBaHHS T€HEpaIli€l0 Ha 3MiHM HaBa-
HTaXeHHs1. HecnpaBHOCTI CHUCTEMH Tiepenadi eleKTpoe-
Heprii TAKOK MOXKYTh COPUYMHUTH KOJIMBAHHS YaCTOTH.

2. O0sagHaHHA AJIs1 BUMIPIOBAHHS MO-
KA3HMKIB IKOCTI eJIeKTpoeHeprii

HesBakaroun Ha Te, 10 Oysiu po3pobieHi iHCTpY-
MEHTH, SIKi BUMIPIOIOTh LIMPOKUH CHEKTP MOKa3HUKIB,
OB’ SI3aHUX 13 SIKICTIO, MO’KHa BUKOPUCTOBYBATH KiJIbKa
pI3HMX IHCTPYMEHTIB 3aJIe)KHO BiJ JIOCIIPKYBaHOTO
sBuIa. JJo OCHOBHUX KaTeropiii mpuiamiB, sKi MOXYTb
OyTH 3aCTOCOBaHi, HaJIEXaTh: BUMIpIOBadi mapaMeTpiB
3a3eMJICHHS, MYJLTUMETPH, OcluiIorpadu, aHaIizaTopu
3aBajl, aHATI3aTOPH TAapMOHIK 1 aHaJi3aTOPH CIEKTPY,
KOMOIHOBaHI aHaJi3aTOPU MEPENIKOa i TApMOHIK, BUMi-
proBadi ¢urikepy.

Ocyunogpagu. Ocuumnorpad € MiHHAM ITiJT 9ac BUKO-
HaHHS TeCTIB y peanbHOMY yaci. [lepersisin popm curnanis
HaIpyry Ta CTpyMy MOKe Hajatu Oararo iHdopmanii npo
Te, IO BiNOYBaeThCs, HABITH 03 BUKOHAHHS JICTAILHOIO
TapMOHIYHOIO aHaJl3y curHaiiB. Mo)KHa OTPUMATH BEJIH-
YMHM HAIpYT i CTPyMIB, LIyKaTH OYEBHIHI CIIOTBOPEHHS
Ta BUSBUTH Oy/b-sIKi 3HAYHI 3MiHM B CUTHAJIaX.

Ananizamopu 3aead. AHamizaTopu 3aBaja YTBOPIO-
FOTh KaTeropiro MpwiajiB, siki OyJIu po3poOiieHi creria-
JBHO JUTSL BUMIPIOBAHHS TTApaMeTpy, SIKHH XapaKTepu3ye
SKICTh €JIEeKTpOeHepTii. 3a3Bu4ai, BOHH MOXXYTh BHMi-
PIOBAaTH MIMPOKHI CIIEKTP 3aBaj Bif Jyke KOpOTKOYac-
HHUX JI0 JOBrOTPHBAIMX. MOXHA BCTAHOBUTU HOPOTOBI
3HAYCHHS Ta 3aJMIIMTH TPWIaJ, o0 BiH (iKCyBaB MO-
PYILICHHS MPOTSTOM MEBHOT'O NEpioty vacy.

B ocHOBHOMY icCHYIOTH IIBi KaTeropii Takux HpH-
CTpOIB.

1. 3BuyaiiHi aHaJi3aTOpH, SIKI MiACYMOBYIOTH Bij-
XUJIEHHS TapaMeTpiB 3 KOHKPETHOI iH(dopMarlliero, Ha-
TPUKIIA, TAKOIO SIK BEJIMYMHH IIEPEHANIPYTH Ta 3HIDKEHOT
HamNpyTH, BEIMYMHA 1 TPUBAIICTH MPOCIAAHHSA Ta CTPUO-
KiB HANpyTH, BEIMIUHA 1 TPUBAIICTD TEPEXITHUX MPOIIC-
CiB TOIIIO.

2. I'padiuni anamizaropu, siKi 30epiratoTh 1 APyKy-
10Th (pakTH4HY (OpPMY CUTHaTy pa3oM i3 ONHCOBOIO iH-
¢opmauiero. YacTto BaKKO BU3HAYNTH XapaKTEPUCTHKH
HEpEeXiHOTO IMpoLecy Ha OCHOBI iH(OpMaLii, JoCTyTHOT
3 TpaJULidHUX aHANi3aTOpiB. TOMy JUIs IETambHOTO aHa-
T3y MpoOJIeMH 3 SIKICTIO eNIeKTpoeHeprii Maike HeoOXi-
JIHO MAaTH 31aTHICTh (hikcyBaTH (OpMY XBHJII 3aBaIH.

AHanizamopu cnekmpy ma aanizamopu 2apMOHIK.
IcHYI0TB, B OCHOBHOMY, TpH KaTeropii 3aco0iB IS aHai-
3y TapMOHIK.

1. TIpocTi BUMiproBadi, JJIsl IBUAKOI TEPEBIPKHU Pi-
BHIB TapMOHIK Y TIPOOIEMHOMY MiCIIi.

2. AHani3aTopH CIEKTpy 3arajbHOro HNpU3Ha4YeH-
Hl, SIKi 32aCTOCOBYIOTBCS JUIS aHAJII3y CHEKTPY CUTHAJIB.
[epeBara ux 3aco0iB Hoysirae B TOMy, 1110 BOHU MalOTh
Jy’Ke TIOTY>KHI MO>KJIMBOCTI JUIsl aHaii3y curHaiis. He-
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JIOJTIKOM € Te, IO BOHU He PO3poOJICHI ClIeniaabHO IS
JMUCKPETHU3aIlil XBHJII MPOMHUCIOBOI YaCTOTH i, OTXKE,
MOBUHHI BUKOPHCTOBYBaTHCsI 00epexHO, 100 3abe3re-
YUTH TOYHUI FAPMOHIYHMI aHaI3.

3. AHanizaTopy rapMOHIK CHELiaJIbHOTO IIPH3HAa-
YeHHs, AKi OyJi po3poOIIeHi CrelianbHO IS TApPMOHIY-
HOTO aHawi3y B eHeprocucremax. [IpmHIMm ix poGotu
TPYHTYETBCS Ha MBUAKOMY TepeTBoperHi Dyp’e 3 gac-
TOTaMH TUCKPETH3allii, CIeI[iaIbHO PO3POOTICHUMH IS

Uy ruma 2297
Ug fuma 2230
Vs fuma 2210
Kz 5000
By o
Tl =122
Wy -238

BHU3HAYCHHS T'apMOHIMHMX KOMIIOHEHTIB y CHIHalax
MOTY>KHOCTI

BigomuM BUPOOHUKOM 3ac00iB Il BUMipIOBaH-
Hsl NTOKA3HUKIB SIKOCTI €JIEKTPUYHOI €Heprii € KoMIia-
Hig Fluke. Cepen nux 3aco0iB moxna Buainiuta 430
cepiro, 30kpema Fluke 435 (puc.l). ana cepis mo-
3BOJISIE Y (OpMaTi peansbHOTO Yacy BiACIiIKOBYBaTH
CTaH i mapaMeTpu TpU(Da3HUX MEPEXK 3 BUCOKOIO TOU-
Hictio [11].

HMOHITOR
11230.84U il :um' "1 230.84U "N 230.82U |

O =2
L NLimit

II ‘ ‘ . -

04/13/06 'IE Il? 24 T 23Illl 5Ill|z 3HWE EH50160

HRRMI]N
1 HS ?IQR THS  23.2%er 1 HS 250 Hz |1 H5-105

B0%}

| ol || [
THDDC 1 ¥ 5 ¥ 9 1 13 15 17

08717704 _14:05:49

aw Lilz L3
waw SN raee

6)

230U _50Hz 38 WYE _ EN50160
_1-HARM.

0HY OFF

a) 30BHIMIHIN BUTTIS aHANI3AaTOPA, 0) OTIISIOBHI €KpaH CHCTEMH MOHITOPHHTY,
B) €KpaH BiICTE)KEHHS TAPMOHIK.
Pucynoxk 1 — AnamizaTop sikocti eHepromoctadanss Fluke 435 [11]

Kombinosani ananizamopu 3aead i eapmounix. Cy-
YacHI HAMHOBIII 3aCO0M MOETHYIOTh (QYHKIIT TUCKpeTH-
3a1lii rapMOHIK 1 MOHITOPUHIY €Heprii 3 (YHKLISIMH M1OB-
HOTrO MOHITOPHMHTY 3aBaj. BuxinHi maHi 0a3yroTbcs Ha
rpadiuHOMY BUIJISII, SIKI AMCTaHLIMHO 30MpalOTHCS B
LeHTpabHy 0asy nanux. ITicis 1pOro MoXKHa BUKOHATH
CTaTUCTUYHMHN aHaii3 faHuX. OIUH 13 IPUKIALIB TaKOTo
3aco0y Bim ¢ipmu Dranetz e€ Dranetz PowerVisa. Leit
3aci0 mpu3HAYCHHH AJISI BUKOPUCTAHHA AK Y IMPOMHCIIO-
BOCTI, TaK 1 JUTsl KOHKPETHOTO CTOHBada. BiH omHOUac-
HO KOHTPOJTIOE TpH(a3Hi HAIPYTH Ta CTPYMH (ITLTIOC HEH-
Tpaii), MO IyXXe BAXIINBO U TIarHOCTUKH HPOOIIEM 3
SIKICTIO  enekTpoeneprii. [lpuman 30upae HeoOpoOieHi
naHi Ta 30epirae iX y BHYTpIIIHIM mam’sTi Uit Biggane-
HOTO 3aBaHTaXkeHHs [12].

Buwiprosaui grixepy (mepexminns). Ilpotsrom Oa-
raTboX POKIB OyJ0 po3po0bieHo 6arato pi3HMX METO[IB
BUMIpIOBaHHS MepexTiHHs. Lli Meroam BapilolOThCS Bif
BUKOPUCTAaHHS Iy’K€ MPOCTHX CEPEeAHBOKBAIPATUUHHX
BUMIpIOBaUiB i3 KaimiOpyBaHHSAM 3a CTaHOAPTHUMH KpH-
BUMH MEPEXTiHHS JI0 CKJIQJHUX BUMIPIOBadiB, SIKi BUKO-
PHCTOBYIOTH TOYHO HAJAIITOBaHI (UIBTPU Ta CTATUCTHY-
HUM aHaNi3 Ui OWIHKK PIiBHS MEPEeXTiHHSA Hampyrd. lc-
HYIOTh CTaHIAPTH, SKi MICTATh KPHBI MEpPEXTiHHS, KOTpPi
BUKOPHCTOBYIOTECS SIK OPIEHTHPH [UIS OLIHKU Cepiio3HO-
cTi Qrikepy B enekTpuyHii cucremi [10].

IBunke neperBopennst yp'e € ogHUM 13 METONIB,
SIKUH BUKOPHMCTOBYETBCS [UIsl BUMIPIOBaHHS (hIiKepy 1 To-
Jsirae y B3STTI HeoOpoOieHnX 3paskiB (akruuHux (opm

CHTHAIIIB HANPYTH Ta 37iHCHIOE meperBopeHHs Pyp’e Ha
JIEMOJYJIbOBAHOMY CHTHaJI (TUIBKH CUTHAN (Jiikepy), 100
BUJIUTMTH Pi3HI Y4acTOTH B NaHuX. [1OTiM mi IaHi mopiB-
HIOIOTECS 3 KpUBOKO (utikepy. el MeTos OUTBII TOYHIIIE
KUTBKICHO BH3HAYA€ BUMIPSIHI JIaHi 3aBISKUA TOMY, IO BE-
JIMYMHA Ta YaCTOTA MEPEXTIHHS BIZIOMI.

Cepell BIIOMHX BHMIpPIOBA4iB MEPEXTIHHS MOXKHA
puginuty ILT710 [13]. Bin g03B0JIsIE IPOBOIUTH BUMIPIO-
BaHHS PI3HUX MApaMeTpPiB MEPEXTiHHSA 1 IHTEHCHBHOCTI
OCBITJICHHS T2 BUBOJIUTH OTPUMaHi JIaHi Ha KOMII 10Tep.

Cy4acHa TIpaKTHKa MOHITOPUHTY SIKOCTI €JIEKTpoe-
Heprii MICTATH TaKy HOCTIOBHICTb orepartiii: 30ip JaHHX,
TIEpETBOPEHHS iX Ha KOPHUCHY 1H(pOPMAIiIo, TIOMHMPEHHS i
cepel KopucTyBadiB. Bci 11l poliecu BiiOyBatOThCs B ca-
MoMy 3aco0i. Takum ymHOM, OYyJI0 PO3POOJICHO HOBE IO-
KOJIIHHSI MOHITOPIB SIKOCTI €JIEKTPOEHEprii 3 IHTerpOBaHU-
MU IHTEIEKTYaJbHUMHU CUCTEMaMH, sIKi BIIMOBIIAIOTH CY-
yacHUM BuMoraMm. Lleii Tur 3aco0iB SIKOCTI eNeKTpoeHeprii
€ IHTEeNIeKTyaJIbHUMH MOHITOpaMH SIKOCTI €JIeKTPOCHEPTii,
Jie iHdopMarlisi CTBOPIOEThCs Oe3mocepeIHbO B 3ac00i Ta
0JIpa3y CTa€ JIOCTYITHOIO TSl KOPUCTYBAUIB.

[IpuknagomM MOXyTh OyTH iHTEIEKTyalbHI MOHITO-
pH SKOCTI ENEKTPOCHEpTii sKi PO3pOOJSIOTh KOMIIaHii
Electrotek Concepts, Dranetz, Electric Power Research
Institute (EPRI). Bonu 3a0e3mneuytoTh aHaii3 JaHUX Ha
MICIIi 31 IIBHIKUM PO3MOBCIO[DKCHHAIM iH(pOpMAIl 3a
JIOTIOMOTOI0 1HTEpHET-TeXHOJIOTiH. BoHM cKiIamatoTees 3
KOMITIOHEHTIB 300py i 0OpoOJIeHHS HaHMX, KOMYHIKallii,
BeO-Bizyasizanii Ta KepyBaHHS.
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BucnoBku

PosrnsiHyTO MapaMeTpy SKOCTi eJeKTPUIHOI eHepril
cepell AKUX HAWBaXIMBIIIMMU € Hampyra, TapMOHIKH,
nmucbananc ¢as, guikep. [TokazaHo M0 MOKA3HUKH SKOCTI
VYkpaiau € rapMOHI30BaHUMH 3 TIOKa3HUKaMH SIKOCTI €B-
porieiicbkoro coro3y. HaBemeHi KOHKpETHI IPHKIJIAIH
BUMIPIOBAJIHUX 3aC00iB, SKi JO3BOJISIOTH OLIHUTH TaKi
rapameTpu SIKOCTI eJIEKTPUYHOI eHeprii Taki sK aHaii3
TapMOHIK, CIIEKTpY 1 3aBaJi Ta OLIHUTH (IIKep.

BusiBieHa TeHACHLIS MPHUIATHOTO 3a0e3MeUYcHHS
OIIHIOBAHHS SKOCTI CJIEKTPUYHOI CHEprii, sKa CToCy-

Cnucok jgiTepatypu

€TbCS TOTO, 110 BUPOOHUKU E€JEKTPOEHEPrii MO€IHY-
I0OTh MOHITOPUHI SKOCTI €JIEKTpOeHeprii 3 ympasiliH-
HSIM CHCTEMaMU MMOCTaYaHHsS CHEPrii, OI[IHKOI po00TH
3aXUCHUX MPUCTPOIB 1 QyHKUIIMU aBTOMAaTH3aLii po3-
HOJUTy eJEeKTPOEHEprii i3 3arajJbHUM JOCTYIOM JI0
Bciel iHpopmarrii.

3 BpaxyBaHHSIM 3HA4YHOI BapTOCTI IMIIOPTHHX MpPH-
JaNliB JOIMUILHUM € PO3pOOJICHHS Ha HAYKOBHX 3acaiax
HOBHIX ITiJTXO/iB JI0 CTBOPEHHS aHAIOTIYHUX 3ac00iB, fKi
Oynu OV JEIMEeBIIMMU MPH THX CaMHX (DYHKITIOHATBHUX
MOYKJTMBOCTSIX.
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Abstract

An analysis of the quality indicators of electric energy regulated by European and national standards of Ukraine has
been carried out. Factors that affect the quality of electric energy have been studied. Devices that allow for instrumental
assessment of the quality of electric energy and their design features have been considered.
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AHoTanis

Y po6oTi mpoBeACHO NOCHIIKEHHS poOIieM 3a0e3NeueHHs SKOCTI MPOAYKIil Ha MiAMPUEMCTBAX Ta BIPOBAHKEHHS CUCTEM
YIpaBITiHHA SKiCTIO BianoBiaHo 10 crapmaptiB ISO cepii 9000. OcHOBHY yBary NpHIiICHO aHai3y e()eKTUBHOCTI IUX CHCTEM,
30KpeMa BH3HAUCHHIO IIPUYHUH, Yepe3 sKi JesKi MiANPHEMCTBA, He3BAKAIOUHM Ha CepTU(]IKAI0 CHCTEM YIPABIiHHA SIKICTIO, HE
3MOIJIM JIOCSTTH TOJIIMIICHHS €KOHOMIYHUX IIOKa3HMKIB. 3a3HAa4€HO, 10 CTAaHJAPTH MICTUTh BUMOTH ILIOAO OLiHIOBaHHS
Pe3yJITaTHBHOCTI CHCTEM YIPABJIiHHS SIKICTIO, ajle He HaJaloTh KOHKPETHUX METOMIB JJIsl BUMIPIOBAHHSI, L0 YCKJIaTHIOE MTPOLIEC
00'eKTHBHOI OLHKK sKOCTi. J[yisi BHpilIeHHS TPOOJIEMH KiIbKiCHOT OLIHKH ©(EeKTUBHOCTI CHUCTEMH YIPABIIHHS SKICTIO
3alpONOHOBAHO BHKOPHCTaHHS METOMIB KBaNIMETpil, sIKi IO3BOJISIOTH MEPETBOPIOBATH OJMHHUYHI I[TOKA3HUKH SIKOCTI Y
0e3po3mipHy mkaiy. Lle qae 3Mory OibIl TOYHO OLIHIOBATH PE3yIbTaTHBHICTH MpOLECiB mianpueMcTs. [IpoBeneHo aetanpHui
aHaJi3 iICHYIOUYHX MiAXOIB JI0 OIHIOBaHHS SKOCTI MPOAYKIii, i 3p00JICHO BUCHOBOK, IO TaKi MiAXOAW HEAOCTaTHHO e€(EKTHBHI
JUISL OIIIHKM CHUCTEM YIIPABJIIHHS, OCKIIBKM BOHM HE BPaxOBYIOTh PI3HOPIAHICTh ITOKA3HWKIB SKOCTI IPOLECIB Ta CHCTEM.
3pobiaeHo kiacudikamito mponeciB CY S Ha Tpu OCHOBHI IpymnH: 00OB'SI3KOBI HpoIecH (3rifHO 31 CTaHAAPTOM), NPOLECH, IO
3a0e3NeuyloTh, Ta MPOLECH JKUTTEBOIO IMKIY Npoxykuil. [ms KOKHOI 3 IMX TpyN BHIUICHO KIIIOYOBI ITOKa3HUKH
pe3yJIbTaTHBHOCTI Ta e(EeKTUBHOCTI, IO JAOTh 3MOTY OIIHIOBATH SKICTh YNPaBIiHHA OKPEMHMH Iporecamu. Takox
3alpONOHOBAHO BHKOPHCTOBYBaTH (YHKI[iI0 OakaHOCTi XappiHITOHA SK IHCTPYMEHT AJs iHTerpauii OAMHUYHUX MOKA3HHKIB
SAKOCTI B OJMH y3arajJbHEHUH IOKa3HHUK. lle 103BOJIslE TOYHO OLIHIOBATH SKICTh NpPOLECIB Ta IXHIO BIANOBIIHICTH LUIAM
mignpuemMcTBa. Po3po0iieHo MeTon OLIHKH MPOIECiB CHCTEMH YIPABIIHHSA SKICTIO, SIKA TPYHTYETHCS HA BH3HAYCHHI KIIIOYOBUX
MOKA3HUKIB PE3YJIbTATUBHOCTI Ta €QEKTHBHOCTI sl KOXHOTO TMIPOIECy. 3alpONOHOBAaHO BHKOPHCTOBYBATH CEPEIHE
TeOMEeTPHYHE 3HAYEHHS IIUX MOKa3HMKIB JUIS OTPUMAHHS 3arajbHOI OLIHKH SKOCTI IporieciB. Lle 03BoIs€ BUIIOMY KEpiBHUITBY
Ta ayJUTOpaM OTPUMATH OLITBII 00'€KTUBHY OLIHKY (yHKI[IOHYBaHHS CHCTEM YIPABIIHHS SKICTIO Ha MiIPHEMCTBAX.

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

KIJIBKICHOT ~ OIIHKM ~ e(EeKTHBHOCTI  pO3pOOJICHHS,
¢yHkuionyBanus  ta  ceprudikanii  CYSA  Ha
mignpuemctBax. Y crarmapti JCTY EN ISO 9001:2018
«CucreMu ynpasiiHHA sKicTio. Bumorny, y poszini 8, €
BUMOTH IIOJI0 OI[IHIOBAHHS pE3yJbTAaTUBHOCTI Ta
epextuBHOcTi CVYS, ame HeMae >KOTHUX METOMIB 1

1. Beryn

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

OCTaHHIMH pOKaMH Ha TiANPUEMCTBAX IMOMITHO
aKTUBI3yBaJIacs TUSUTBHICTH 31 CTBOPEHH,
BIIPOBA/DKEHHSI Ta cepTUdikamii cHUCTEM YHpaBIiHHA
axictio (CYS) na BigmoBimHicte BuMoram ISO cepii
9000. Ctoperns edextuBHOI CY € omHiero 3 ymMOB
M/IBUIEHHS KOHKYPEHTOCIIPOMOXKHOCTI HiINPUEMCTB
Ta iXHBOI ajanTauii Ha BHYTPIIIHHOMY i 30BHILIHBOMY
PHHKaX.

Opmnak  gocniypkeHHS  (QaxiBIiB 1 IpakTHKa
MOKa3yloTh, 10 HHU3KA IJIPHEMCTB, HE3BAXKAIOUM Ha
IHTEHCHBHY po0OTY 3 po3polieHHs Ta ceprudikaiii
CV 51, He 3MOIJIH JOMOTTHCS HOJIIMIIEHHS EKOHOMIYHUX
nokasHukiB  [1-2]. T['00BHOIO  TPUYMHOIO, IO
MEPEIIKOHKAE JIOCATHEHHIO BHCOKMX EKOHOMIYHHX
pe3yNbTaTiB 32 PaxXyHOK PO3pOOJIEHHS, BIPOBAIKCHHS
ta ceprudikanii CY S, € BincyTHICTh HaiiiHOrO MeTOLy

pPEeKOMEHalii 100 IHCTPYMEHTapio. AHAJOri4HO, Y
cranpapti JJCTY ISO 19011:2019 «HacranoBu miono
MIPOBEJCHHS ayAUTIB CHUCTEM YIPABIIHHI» € BHMOTH
moxo ouinkd CVYS, ame Tex BiACYTHI peKOMeHIAIil
II0J0 METOJIB.

Y pob6otri [3] MAOCHIIKYIOTBCA MOXKIIHBOCTI
BHUKOPHUCTaHHS METO/IiB KBaJTiMeTpil Ui
MIATBEPKCHHS BIAMOBIMHOCTI TpOAyKIlii. OCKIIBKH
OJIMHUYHI TIOKAa3HWKH 3a3BUYAll MArOTh PIi3HI IIKAJIU Ta
Jiamna3oHd OLIHIOBAaHHS, OJHUM i3 KJIIOUOBUX 3aBJaHb
KBaJIMETpil € IIepeTBOPEHHS TaKUX IIOKAa3HUKIB Ha
enuHy, Oe3posmipny mkany [4-6]. Lle cnpustume
e(eKTUBHOMY BHKOPHCTaHHIO HasBHOI iH(opMarii mpo
MTOKA3HUKH SKOCTI Ta ii PO3MIMPEHHIO, IO B PE3yNIbTaTi
T ABUIIIATE TOYHICTB OLIIHIOBAHHS. [MpuHIIIH
CTBOPEHHS KBAJIMETPUYHUX MOJEICH OyiM BUCBITIICHI
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B poborax [7-12]. KeamimerpwuHi MeToAm 3aiHLIH
BaXXJIUBY HIIIy B ITPOIECAX OI[iHIOBAaHHA SKOCTi 00’ €KTiB
pizHOi TpmpoaW, y TOMy 4YHCHi i Oe3meku mpaii Ha
BupoOHUIITBI [13-16].

[Mix yac aHamizy HayKoBOi JiTepaTypu 3 METOJIB
OIIIHKM SIKOCTI OO0'€KTIB KBaJiMETpii BHSBICHO, IO
HasiBHI METOJM NEPEBAXKHO OPIEHTOBaHI Ha OLIHKY
SKOCTI TpOAYKWii H TIPYHTYIOTBCS Ha YCepeTHEHHI
OKpEeMHX  TOKa3HHKIB  SKOCTI  UII  OTpUMaHHS
KOMILTEKCHOTO a00 iHTerpampHOro inaukaropa [17-20].
OpnHak TakWil MiaXig HE MIXOIUTh JUIS OLHKKA SKOCTI
iHMAUX OO0'€KTIB KBaJiMeTpii, Takux SK mporecu abo
CHCTEMH, HANPHUKIIAJ, CUCTEMH YIPABIIHHS MPOLECaMU
abo miampuemctBamu B nitomy. Lle miakpecioe
HEOOXiTHICTh PO3POOKH Ta HAYKOBOTO OOIPYHTYBaHHS

HOBMX  METOJIB OI[iHKH, sKi O BpaxoByBalu
PI3HODIJHICTh TOKa3HUKIB SKOCTI O00'e€KTIB  pi3HOT
HPUPOJIH.

Metoio crarTri € po3pobuTH OO'€KTMBHUH Ta
HAIMHUN KBaJIMETPUYHHUA METOX OIIIHKH CHCTEMH
YIpaBIIiHHA SKICTIO Ha MiIPHEMCTBAX, IO 1O3BOJIUTH
OWIHATH  PE3yJbTaTUBHICT Ta eQEKTHBHICTH Ii
PO3pOOJICHHsT i BIPOBAPKCHHS BUINUM KEpPIBHUITBOM
Ta ayAUTOpaMH IIif] yac cepTudikarii.

2.  Kuaacudikanis Ccvia
NiANpUEMCTBA

npouecis

3aranpHuil mokasHuk omiHku CY S miampuemcTBa
(dopmyeTbcst yepe3 OLIHKM ii MpoOLECiB, SKI MOXKHA
NOJUTUTH Ha TpHU rpynu: 1) oOOB'I3KOBI mpouecH; 2)
MPOIIECH, M0 3a0e3MeUyIoTh; 1 3) MPOIECH >KUTTEBOTO
IUKITY TPOJTYKIIii.

Jlo nep1ioi rpyIu mporieciB HaJekKaTh MPOLECH, SIKi
00O0B'SI3KOBO BHMarae CTaHAapT, HE3aJISKHO BiJl BUY Ta
MacmTaby MiIIpUEMCTBA: YIPABIIHHSA IOKYMEHTAIII€IO,
VOpaBIiHHSA 3alliCaMH, YIIPaBIiHHSA HEBiAIOBiTHOIO
MPOIYKII€I0, BHYTPIMIHINA ayAnuT, KOPUTYBaJbHI Mii Ta
nonepekyBaibHi  fil. Jlo apyroi rpynu  HajexaTb
HPOIIeCH, SKi 3a0€3MeUyI0Th IPOLECH XKUTTEBOTO LKLY
NPOAYKIIi:  ynpaBimiHHS — Kajapamu, iH(opMaliiiHe
3a0e3leueHHs, ynpaBliHHSA  IHQPacTPyKTyporo  Ta
pobounMm cepenoBuiieM, Ta iHmi. Tpers rpyma - ne
HpoLEeCcH KHUTTEBOTO LKLY MPOEKTYBaHHS,
KOHCTPYIOBaHHSI, BATOTOBJICHHSI, KOHTPOJIb TOILIO.

3aranbpHe KEpiBHHUILTBO SIKICTIO JIOCSTAETHCS yepe3
VOpaBIiHHSA TpolecaMd B OpTraHizamii. YmpaBiiHHSI
MPOLIECOM BKIIFOYAE:

- BH3HAYCHHS IIiJIell Ta OYiKyBaHUX peE3yINbTATiB
npolecy;

- BHU3HAUCHHS XapaKTEPUCTHK SKOCTi IpoLecy,
BKJIIOYHO 3 KPHUTEPIAMH Pe3yJbTaTUBHOCTI BHKOHAHHS
NPOLIECY, KPHUTEPISIMH pe3yJIbTAaTUBHOCTI 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 BHKOHAHHSI
HpOLECy Ta NOCSATHEHHS ITOCTABICHHX LIiJIeH;

BUIUIEH] IS
YIpaBIiHHS

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

- aHaji3 BXIJIHMX 1 BUXIIHUX JaHHX, YIPaBIiHHSI
napaMmeTpamH IpoLecy.

Cucrema YIpaBITiHHS SIKICTEO MOBHUHHA
3a0e3Me4nTH TMOCTIHE TIOJNIMIIEHHS TPOLECIB B
oprasizanii, mo € Bumororo crangapty JCTY EN ISO
9001:2018 (po3min 8). [ns BUKOHAHHS Ili€] BUMOTH
HEOOXiTHO BH3HAYUTH BHMIPIOBaHI MMOKA3HUKHU SKOCTL
npouecy. Jlis  okpemoro mpoilecy MaroTh OyTH
BHU3HAYCHI i, KpUTEpii Ta METOMH, HEOOXimHi It
3a0e3neueHHsT Pe3yabTATUBHOCTI SK Wi dYac HOro
3MiHCHEHHs, TaK 1 miJ] yac ynpasiiHHs HUM. CyKyIHICTb
XapaKTEPUCTUK Pe3yJIbTATUBHOCTI BUKOHAHHSI IIPOLIECY,
Pe3yJIbTaTUBHOCTI YIpaBIiHHS IpOoIIeCOM Ta
e(heKTUBHOCTI MPOLIECY € MOKA3HUKOM SIKOCTi MPOIIECY.
Oco0aMBO 1iKaBUM € O0'€HAHHS B €IUHY CHUCTEMY
TaKAX TEXHOJIOTIH TPOIECHOr0  YIPaBIiHHS, SIK
MEHEIDKMEHT METH, YIPABIiHHS pPE3yJbTATHBHICTIO Ta
yIpaBiiHHA €(QEKTUBHICTIO — SK MO0 OKPEMHX
MIPOIIECiB, TaK i IXHBOI CYKYITHOCTI.

Baaxxaemo OLIIEHUM
MOKa3HUKH 33 TPhOMA IPyIIaMHu.

[epma rpyna — MOKa3HUKA MHTTEBOI OILIHKH
npouecy B peampHomy 4aci f. [loka3Hukamu
Pe3yJIbTATUBHOCTI BUKOHAHHS IPOILECY MOXYTh OyTH,
HAaIpHKJIIaJ, TaKi y3araibHeHl XapaKTepUCTHKH:

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

CTPYKTypyBaTH  IIi

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

XapaKTepU3ylOThCsl BEIMYMHOIO PO3KUAY IapaMeTpiB
NPOAYKLii Ha BUXOZl IpOLECYy B MeXKax IOJs JIOIYCKY,
BCTaHOBJICHOTO B JIOKYMEHTAIIIT;

K3(t) — HazmiliHiCTh NpOLIECY — XapaKTEePU3YETHCS
4acTOTOI 3001B mpolecy, 110 MPHU3BOIATH O 3MiHH
XapaKTepPUCTHK MPOIYKIii, a00 4acoM poOOTH mporecy
0e3 3001B;

K4(t) - 0€e3B1IMOBHICTh nporecy -
XapaKTePHU3YETHCSA 9acoM poOoTH mporecy 6e3 3001B;

K5(t) — mpomyKTHBHICTE mporecy — MOXKE
BUMIPIOBaTUCS YacOM BHKOHAHHS 3alUTy CHOXHBaya
nporecy;

K6(t) - TapMOHIHHICTh mporecy -

XapaKTEepU3y€eThCsl IapaMeTpaMu dYepr HpOIyKTiB Ha
BXO/Ii 1 BHXOAI NpOIECY; B SIKOCTI TaKUX IapaMeTpiB
4epr  MOXHa  BHUKOPHCTOBYBATH  CEpPEOHIO 1
MakCHUMallbHy  JIOBKMHY  4epru,  cepeaHiil i
MaKCHMaJIbHUH Jac nepe0yBaHHs NPOIYKTY B 4ep3i;

K7(t) — kepoBaHICTb MpolieCcy — XapaKTepU3y€eThCS
BEJIMYMHOIO PEaKIlii IIpoIecy Ha KepyrOUuHil BIUIHEB,

K8(t) — Oesmeka mpomecy — XapaKTepHU3YETHCS
YacTOTOIO 300iB MPOIIeCy, M0 CIPHYNHIIIN 3aIT0IisTHHS
IIKOJIX 3IOPOB't0 MPAIliBHUKIB;
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KO9(t) - €pProHOMIYHICTh mporecy -
XapaKTepU3y€eThCSI CEPeAHIM YacoM CTOMIIOBAHOCTI
MPaLiBHUKIB i YaC BUKOHAHHS MPOLIECY;

K10(t) - €KOJIOT1YHICTh mporecy -
XapaKTepu3yeThCss 4YacTOTOl 300iB  mporecy, 1o
CHOPUYMHWIN  3alOJISIHHS IIKOAW  HABKOJHMIIHBOMY
CepEeIOBHIILY.

Kinbkicte mokasnukiB Kn(t) moxe 3miHroBartucs,
3aJIEKHO Bil  BaXJIUBOCTI mpolecy, piBHA
¢dyakmionyBanHs CYS i BU3HA4aeThes U KOKHOTO
KOHKPETHOT'O IPOLIeCy OKPEMO.

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

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

YIIPaBIIiHHS IPOLIECOM. Y LIOMY BUIIa/IKy PO3YMITHMEMO
JIMHAMIYHY XapaKTepPUCTUKY IepeiyeHrX MOKa3HUKIB
Kity Tepmoi  rpymu 3 ypaxyBaHHAM  dacy
(hyHKIIOHYBaHHS nporiecy T. [y 1i€l rpyny NoKa3HUKIB
HEOOXiZIHO 3HATH IWUIbOBY (YHKIIIO AMHAMIYHHX
XapakTepUCTHK Tporecy. ToOTo HeoOXimHO 3HATH
OakaHWMIT CTaH IMIOKA3HUKIB MPOLECY B OYIb-SIKHIf MOMEHT
gacy 1. Y CY S GaxxaHui CTaH Ipoliecy Mae BU3HAYATHCS
isiMu y cdepi sikocti. LIi i MaroTh CriBBIIHOCHTHCS 3
MONITHKOI0 'y cdepi sKOCTi 1 sSK MIHIMyM CTaBHTH

3aBaHHS MIIBUIIEHHS pe3ynbraTuBHOCTI. CrTymiHb
TOJINIIEHHS TTOKa3HUKIB SIKOCTI TPOIECY BiJIIOBIIHO JI0
¢ynkuii  OaxkaHocTi  Moxe ~ OyTM  MOKa3HHKOM

PE3yIbTaTUBHOCTI YIIPABIIiHHS [IPOLIECOM.

Y npyry rpyny TIOKa3HHKIB pPe3yJIbTaTHBHOCTI
YIpPaBIIiHHSA MIPOLIECOM MOXYTh OYTH, HAIPHUKIAMA, Taki
y3araJbHeHi XapaKTepPUCTUKH:

- BeNMYMHA 3MIiHM TIOKAa3HHKIB TEpIIOl TPyIH
gepe3 ycTaHOBJICHHH Tepiof acy T. Lls BenmauHa Moxke
OyTH NO3UTHBHOIO i HETATUBHOIO BEIMYHUHOIO;

- BEJIMYMHA 3MiHM CTaOUIBHOCTI ITOKa3HHKIB
nepiuoi rpynu 4epe3 yCTaHOBJICHUH nepio 4acy T.

Tpers rpymna — Hoka3HUKH e(eKTUBHOCTI ITPOLIECY.
[TokasHukK eQEeKTUBHOCTI MpOILeCy BiIOOpaXKaroTh
foro (koedimienT kopucHoi nii). Came mnpsmi
MOKAa3HUKK e(EKTHBHOCTI IPOLECIB MOXYTh JAaTH
HaWLiHHIOYY (QaKTUYHY OCHOBY JJIsl  IPUHHATTS
YIPaBIiHCHKUX PillIeHb BUIIUM KEPIBHUIITBOM.

3. Mertoa ouiHIOBaHHS
CHCTEMHM YIPABJIIHHSA AKICTIO

npouecis

®DopMyBaHHS 3arajbHOI OLIHKHA PE3yIbTaTUBHOCTI
ta edexruBHocTi CVYS po3rismaeTscs, SIK YacTKOBI
OIIIHKM PEe3YJIbTAaTHBHOCTI Ta €(QEKTHBHOCTI IPOIECIB.
[[lo Oimpmmii MOKAa3HUK  Pe3yJbTAaTHBHOCTI  Ta
e(peKTUBHOCTI KOXXKHOTO Ipolecy, TO OUIBIIMMHU € 1ii
nokasHukn CYS  3arazom. Tomy 3HaxomKeHHS
3arajbHOi OI[IHKM pe3YJIbTATUBHOCTI Ta e(EeKTHBHOCTI
CVYSl nos's3aHe 3 KiJbKICHUM BHU3HAYCHHSIM MHOXXHHH
MOKa3HUKIB ITPOLIECIB.

KoxxeH 13 TIOKa3HHMKIB pe3yJbTaTUBHOCTI Ta
e(eKTUBHOCTI TIPOIECIB MOXKE MaTH pi3HY MIKaly i

pizHy  po3mipHicTe. OTXKe, 3HAXOOUTH  OILIHKY
Pe3yIBTaTUBHOCTI mporecy HEOOXiaHO uepe3
CYKYIHICTh OI[IHOK HOro MOKa3HHKIB, 1[0 MAalOTh pi3Hi
po3MipHOCTI Ta mikanu. Po3s'si3yBatu 3aBiaHHs OyJeMo
3a JIONIOMOTOI0 BBEICHHS €IMHOI IS BCIX MOKa3HHUKIB
mryqyHoi Metpuku. lle o3Hadae, 1m0 HaboOpy 3HAYCHb
KOKHOTO IOKAa3HHWKA IPOIECY IMOTPIOHO IOCTaBUTH Y
BiJINIOBITHICTh JCSIKUA CTaHIAPT, HAMPHKIAT, IIKAITy
OIIIHKM Bix Hyns no oxumHuii. lls mkama mae Oytu
OIHOTHUITHOIO UTS BCiX TOKA3HUKIB pPE3yIbTaTUBHOCTI.
Sk Oynmo cka3aHO BuWIIe, HEOOXITHO 3HAUTH (PYHKIIIIO
Oa)xaHOCTI, sKa migxomgwia O 10 BCIX INOKa3HUKIB
MIPOIIECIB.

Jost PO3B'I3aHHS MTOCTaBJICHOT 3amayi
CKOPHCTAEMOCS y3arajbHEeHOK (YHKIIEI0 O0axaHOCTi
XapiarTona [21], mo gae 3MOry OO'€KTHBHO OI[IHHTH
SKICTh TIpOIleCY 1 JOCUTh H00pe pearye Ha Maii
MOKAa3HUKK sIKOCTi. Tak, HampuKiIaj, SIKIIO OIWH i3
MTOKA3HHKIB SIKOCTI OJMM3BKUI 10 HYJIS, TO y3aralbHECHUHA
MTOKA3HUK SIKOCTI HE OY/Ie BEIUKHM.

[Ipu pospaxyHky ¢yHKIii 06akaHOCTI BUXOISTH 3
TOrO, 110, SKIIO SKICTh MPOLECY XapaKTepU3yeThCs N-
mokazaukamu (Yy, Y, ..., Y,), TO I omepikaHHS
¢yHKIii  OakaHOCTI  HEOOXigHO  TIEPEeBECTH B
6e3po3mipHy mKady Y’ BCi BUMipsAHi moka3HUKH (V;), e
KO)KEH 1HIUBIAyaJIbHUHN MOKAa3HHUK SKOCTI BU3HAYAETHCS
3a (hOpMYJIOHO:

d, = exp[—exp(-Y")]. )

Huns mepexomy B 0Oe3po3MmipHy Imkamy Y’ 3a
BUMIpSIHUMHU TIOKa3HWKamu (Y;) MOXKHa BHUKOPHCTATH
adiHHI TEPETBOPEHHS, IO 30epirarTh BiIHOIICHHS
JJICHHS BiAPiI3KiB 0JHAKOBUMHU. TOOTO, SIKIIO € BEPXHS
Y, 1 HIKHA Y, MeXi Moka3HHKa Y; Ta BIAMOBiAHI TM
BepXHE 3HaueHHs Y] 1 HmwkHe Y] nokasHuka Y’, TO

BEJIMYMHH TIOAUTY Bifpi3Ka piBHI MiX coOoro. 3Biacw,
SKIIO

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

MOKa3HWKaMH, TO JUIA IBOTO TIPOIECY Yy3araibHeHa
¢dyHkuis sikocTi D siBiisie co000 cepelHE TeOMETPHUYHE
IH/IMBIIyaJbHUX NOKA3HUKIB SKOCTI d;.

D=<fdd.d ~d . )

Take momaHHs y3araJlbHEHOTO MOKA3HHKA SKOCTI
(5) € nocuth Bunpasaanum. Toxi, KO Xo4a O OAUH i3
OJUHUYHHUX IOKAa3HHUKIB sAkocTi d; = 0, 701 D =0, 1, 3
iHmoro 6oky, D = 1 Toxi i TUTBKK TOJI, KOJIX BCi d; = 1
(i=1, 2, ..., n). Ue Binmosinae ¢imocodii axocTi.
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VY3arampHeHa (YHKILIS SKOCTI € KUIbKICHHM,
OJHO3HAYHHUM, €IMHHUM 1 YHIBEpPCAIbHUM IOKa3HUKOM
SIKOCTI JIOCJII/PKYBAHOTO TIPOILECY, 1 SIKIIO JOAATH Ile
TaKi BJIACTMBOCTI, SK aJEKBATHICTh, €(PEKTUBHICTH 1
CTaTUYHA YYTIHMBICTh, TO Il MO’KHa BUKOPHCTOBYBATH SIK
KpHUTepii onTumizarii.

I'pacdiune mnpencrasienHs QyHkuii
HaBEJICHO Ha PUCYHKY |.

Po3paxynok Y’ npoBoanThes 3a popmyioro:

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

Oa)XaHOCTI

b d
1 —
Bimnvinno /,.—-"._.—
0.8
Joape
.63
SAT0BLIBHO
0.37
Ilorano
0.2 oy
0 e | — - ; 1 »
-3 0.476 0 .772 1.5 3 Y
: — . —
Y15 s Y LEE) Y12 Yu Y,
! »
Y26 Y Y Y2 Y Yu T2
Y Y Yu Y13 Y3 Yu v,
! -
Yas [Va Yo Yo Y Yo n

Puc. 1. Bun ¢gynkmii 6axxaHocTi

Cnucok Jiteparypu

Jami 3a [OIOMOTOI0  €KCIIEPTHHX  OIIIHOK
BCTAHOBJIFOEMO 3HAYCHHS MMOKA3HHUKIB SIKOCTI MPOLECIB
Y,i, AKi BiJIIIOBIIal0OTh KOJOBAHUM 3HAYE€HHSAM Y.

Ha oci OpAHMHAT HaHECEeHi 3HAYECHHSA
IHTErpOBaHOI'0 MMOKa3HHKa SKOCTI, 10 3MiHIOEThCS Bij 0
10 1 3 nmpuiiHaTO0 B JIiTepatypi [2] yMOBHOIO SIKICHOIO
XapakTepucTHKo. Ha oci aOciuc Bka3aHi 3HAYCHHS
BIATYKy, 3amucaHi B yMOBHOMY MacmTali. Skmio
NOTPIOHO PEryNIoBaTH KPYTH3HY KpHBOI d, TO MOXKHa
3pOOHTH 3MiHM IHTEPBAJiB, TOOTO BUOPATH IHIIHUHA KOJI.

3ayBakuMo, 10 KOMIUIeKCHa PyHKIis ssKkocTi (1) €
KUTBKICHOIO, OHO3HAYHOK, €TUHUM 1 YHIBepCalbHUM
MTOKA3HUKOM SKOCTI Ta MOX€ OyTH BHUKOPHCTAaHA IS
PO3B'si3aHHS 3a/1a4i OI[IHIOBAHHS Ta YIPABIIHHS SKICTIO
mporecis CY 1.

BucnoBknu

[Moka3zaHo, IO CYKYIHICTh  XapaKTEPUCTHK
pe3yIBTaTUBHOCTI BUKOHAHHS TIpOoLECY,
Pe3yIBTaTUBHOCTI yIpaBIiHHS MPOLIECOM Ta

e(heKTUBHOCTI MPOILECY € MOKa3HUKOM SIKOCTI MPOIIECY
CV4l. TlpoBeneHO CTPYKTYpPYBaHHS MMOKA3HUKIB SIKOCTI
MPOLIECIB 32 TphOMA IPyHaMHu:

- TIOKa3HUKH MHTTEBOI
peaipHOMY 4aci t;

- TIOKa3HHUKH
IPOLIECOM;

- IOKa3HUKHU €(DEeKTUBHOCTI MPOIIECY.

3anpornoHOBaHO OIIHIOBATH OJWHUYHI MMOKa3HUKU
skocti mpomeciB CYS 3 BHUKOpUCTaHHAM (QYHKIIT
Oaxcanocti XapiHrtoHra. Sk y3arajgbHEHHH MOKA3HUK
HPOIIOHY€ETHCS BUKOPHCTOBYBATH CEPEHE F€OMETPUYHE
3HAUCHHS OJUHUYHUX ITOKA3HUKIB.
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Qualimetric method of evaluation of processes of the quality management system of enterprise
M.M. Mykyychuk, Yu.l. 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

2013 2014 2015 2016 2017 2018 2019 2020 2021 202 2023
Tonsng Tonising Tonisg Tonsing lonsmg lonsing Tonisig lonsimg Tonismg Tonsmg Tonsing
Radmton | Radmtion | Radiaton | Radaton | Radaton | Radation | Radimtion | Radaton | Radation Radiaton | Radation

Measurements | Measurements | Measurements| Measurements | Measurements| Measurements | Measurements | Measurements| Measurements | Measurements| Measurements

-
Field of Interlaboratory comparisony 2

Weiht&Mass Dmentional Weicht&Mas Weight&Mass Weight&Mass | Weight&Mass
Measurements Measurements Measurements| Measurements Measurements| Measurements
Pressure Tenperature Tenperature | Temperatuwe Tenperatre | Presswe | Temperature
Measurements Imeasurements Measwements | Measurements Measurements | Measurements| Measurenments

Rehtwe

Electrical Electrical Electrical s

Hummdity

Measurements Measurements| Measurements i
Measurenments
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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]107]103]02]| 15100
20 0910710710000 | 08| 0,7
30 0710710700100 | 09| 04
40 0603030302101 04
50 0704 |04]06]04]16]00
60 0810404 | 12|04 | 1,705
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 0,180,17 | 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 [or11fo78]149]3383]031]0,10 2000 | 00 [02 [ o1 02 [ 01 o1 00
150 0,15] 3,76 | 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 2421413]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] 008 0,09 [ 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 -0,09] 0,27 | 0,13 | -0,03 | 0,85 | 0,07 | 0,25
50 -0,771 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 |1 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
02 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 Q,

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
10 Q 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 Me?;ﬁlem 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\ge;snlgén 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

# [ %o [“Co | ®zr ["Nb | # | ¥Co | %o | ®2zr [®Nb | # | ¥Co | %co | ®zr | ®nb
1 056|045 (037 | 208 | 46 [ 013 | 0.6 | 005 | 046 | 91 | 0.29 | 054 | 0.20 | 0.18
2 | 062 | 049 | 073 | 071 47 |1 004 | 001 1 0,12 | 276 | 92 | 011 | 086 | 1.14 | 0,18
3 000|036 032077 | 48 | 009 | 0.46 | 0.20 93 | 068 ]| 056 | 051 | 1,60
4 1077 | 014 | 054 | 059 | 49 | 0.16 | 0.15 | 0.06 | 285 | 94 | 056 | 059 | 1.29 | 1,9
s | o016 ]| 005 | 003 | 067 | s0 | 009 | 0.08 | 0,30 95 | 009 [ 132095 [208
6 | 016 | 006 [011 Jo11 | 51 [237 [ 093] 107 [ 137 ] 96 | 118 ] 1.21 | 017 | 0.65
7 |1 013 | 006 | 0,11 | 012 52 | 068 | 1,41 | 2,00 97 1,09 | 1,68 | 0,48 | 0,06
8 | 004 006 | 0,04 | 0,02 53 0,10 | 0,46 | 0,08 | 0,25 98 0.09 | 014 | 0,17 | 0.01
9 | 077 | 058 | 0,70 | 140 54 | 001 | 057 | 0,13 | 0.35 99 | 024 | 004 | 0,16 | 034

10 | 029 | 035 | 0,36 | 017 55 | 006 | 0,73 | 067 | 235 | 100 | 1,17 | 1,30 | 0.29 | 0.31

11 [ 188 [ 027 035 | 131 | 56 | 085 | 1,10 | 0,84 101 | 0,59 | 069 | 0,76 | 0,54

12 [ 123 [ 110 [ o057 | 165 | 57 | 0.28 | 0.46 | 0.27 102 | 0.22 ] 0.38 | 0.0 | 0.21

13 | 016 | 149 | 077 J 002 | s8 | 050 | 061 | 053 | 0.36 | 103 | 151 [ 1.32 | 146

14 | 015 | 054 | 008 | 0.76 59 022 | 034 | 035 | 0,11 | 104 | 138 | 1,32 | 097 | 0.83

15 [ 012 | 002 [001 014 | 60 | 015 | 0.20 | 0,16 [ 0,91 | 105 [ 051 | 0.3a | 0,32 [ 0.13

16 | 003 | 016 |027 | 024 | 61 | 0,12 | 0.31 | 029 | 0.01 | 106 | 0.16 | 017 | 0.21

17 [ 062 [ 0.21 | 098 62 | 071 | 0.16 | 0.08 [ 0.76 | 107 | 0.58 | 0.05 | 0.86

18 | 0.79 | 0.66 | 0.90 63 1.28 | 047 | 0.21 | 0.27 | 108 | 0.10 | 0.43 | 0.58

19 [ 170 | 0.92 | 0.89 64 | 085 | 0.89 | 056 | 0,09 | 109 | 0.07 | 0,58 | 0.19

20 | 089 | 047 | 0.79 | 0,59 65 036 | 0,40 | 0,42 | 009 | 110 | 0,06 | 005 | 027 | 2,84

21 | 061 | 065 | 0.80 | 1,63 66 | 000 | 091 | 060 | 0,19 | 111 | 0.12 | 041 | 045 | 0.02

22 | 146 | 103 055 | 135 ]| 67 | 014 | 062 | 0.15 | 008 | 112 | 061 | 1.40 | 009 | 0.17

23 125 | 121 | 117 68 | 0.26 | 0.33 | 0.29 [ 0.28 | 113 | 0.00 | 0.67 | 0.25 | 0.03

24 | 2568 225 | 69 | 1,65 | 0,4 | 0,10 114 | 0.27 | 0.32 | 0.20 | 0.10

25 | 2,05 | 1.32 | 1.22 70 1,24 | 128 | 1,30 | 0,67 | 115 | 0.80 | 0.27 | 0.55

26 | 030 | 038 | 069 | 098 71 051 ) 050 | 0,19 | 042 | 116 | 057 | 053 | 085

27 | 1,04 | 007 | 1,74 | 1,32 72 | 096 | 0,78 | 0,97 117 | 0,78 | 0,74 | 0,21 | 2,92

28 | 050 | 013 | 0,21 | 0.02 73 1,25 | 102 | 1.06 118 | 1,15 | 090 | 1.30 | 2,91

29 [ 004 [ 015|017 Joos | 74 [003 | 2191 [ 235|184 | 119 | 0,08 [ 035 ] 0,30 | 0,02

30 | 020 042|035 J066 | 75 [ 032 ]| 043 | 1.0a [125 [ 120 | 073 | 218 | 0.69 | 0.69

31 | 0,74 | 036 | 0,85 | 0,78 76 | 052 | 0,18 | 0,07 | 0,41 | 121 | 1,37 | 0,97 | 0,11

32 | 054 | 0.45 | 0.42 | 051 77 | 064 | 033 | 027 | 0.34 | 122 | 0.70 | 0.13 | 0.32

33 | 1,11 | 112 | 1,20 | 1,44 78 2,19 | 1,26 | 2,30 | 2,02 | 123 | 0,01

34 [ 0.29 0,74 79 | 053 015 | 010 [008 [ 124 119 133 | 115

35 | 040 | 0.19 | 0,23 | 0.13 80 1,33 | 102 | 002 | 024 | 125 | 0,42 | 0,15 | 193

36 | 021 | 0.12 | 016 | 0.96 81 047 | 0.14 | 0.08 126 | 210 | 016 | 197 | 1.63

37 | 084 | 058 | 0.61 82 | 0,27 | 0,15 | 0,03 | 0.44

38 | 088 | 010 | 053 83 [ 150 | 0.11 | 149 | 106 L | fragwirdig

39 | 0.39 | 0.31 | 0.66 | 0.48 84 1,51 | 0.15 | 1,20 | 0.90

40 | 000 ]| 016 |011 [ 246 | 85 | 084 | 0.20 | 0.59 | 0.45 I richt alzeptabel

41 [ 019 ] 032 [ 024 86 | 1.07 | 1,50 | 0,98 | 0.47

42 | 083|037 | 110|072 87 | 111)122)]108] 054

43 | 005 | 0.90 | 0.71 | 0.67 88 1,15 | 0.70 | 0.85 | 0.72

44 | 007 | 002 | 0.10 | 0,01 89 1,55 | 065 | 1,00 | 1,05

45 | 0.23 | 0.23 | 047 | 045 90 | 015 | 023 | 0.11 | 0,72
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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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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

1.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
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.

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. 2. Literature review

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

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
Yoovo :—'106, (1

Nyiss *Peroe
the

number of inspected units of production (100 CEMS
over the past 5 years); 7

where C is the total number of defects; 7

units

— the number of

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]:

Wg=——" 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"
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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).

Quality management of the
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pedagogical worker stafl of Department methodical Commission
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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
¢byHkuionysanns 3BO B mparsx 3aKOpIOHHHX Ta YKpaiHCbKHX HayKOBLIB. METO CTaTTi € aHaji3 yMOB BIIPOBAUKEHHS MOJEI
LSS B 3BO 3 MeToro minBuiieHHs1 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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