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RESEARCH AND APPLICATION OF METHODS
FOR CALCULATING THE MEASUREMENT UNCERTAINTY
OF INDUSTRIAL FLOWMETERS

Abstract. To create conditions for the recognition of Kazakhstani certificates of conformity and the results of
product tests, an assessment of measurement uncertainty is required. In this regard, there has been an increase in the
practical application in Kazakhstan of the concept of measurement uncertainty. The authors developed a physical
stand for a mobile complex designed to verify electromagnetic flowmeters at the place of operation. To obtain
verification results, programs were developed to calculate the uncertainty of an electromagnetic flowmeters using the
NI LabView software. In addition, a model for estimating the uncertainty of the relative error of flowmeters was
proposed, and the measurement uncertainty was estimated using three methods: standard, Monte Carlo and Kragten.
Finally, a comparative analysis was conducted on the results of the estimation of the uncertainty of the relative error
of the industrial electromagnetic flowmeter. All methods give standard uncertainty values that do not exceed the
acceptable range of relative error (= 1%). However, Monte Carlo method gives better results for sufficiently large
number of simulations. No significant differences between the results obtained using standard and Kragten methods
were discovered. The Kragten method is preferable in the absence of the need to calculate the sensitivity coefficients
when calculating the total standard uncertainty, which is important for complex measurement equations.

Key words: measurement uncertainty; standard GUM method; Monte Carlo method; Kragten matrix;
verification; electromagnetic flowmeter.

Introduction. In the Republic of Kazakhstan, uranium mining is carried out by underground leaching
— one of the most cost-effective and environmentally friendly mining methods. [1]. At the nodes of
receiving and distributing the leach solutions, a large number of industrial electromagnetic flowmeters
(EFM) are used to measure the quantities involved; they must be metrologically verified at the end of the
calibration interval.

The generally accepted method for calibrating flowmeters using exemplary measuring instruments or
calibration facilities accredited to ISO/IEC 17025-2017 can be costly and infeasible, mainly due to the
staff and logistics costs associated with removing the flowmeters from the piping system. However,
modern flowmeters are equipped with hardware and software that allow on-site verification that meets
ISO 9001 requirements. Studies have already been conducted on the calibration of flow meters in the field
of water supply and wastewater discharge [2].

The issues of the estimation of measurement uncertainty have been widely covered in terms of
analytical measurements [3], the calibration of measuring instruments [3.4], and other studies [5-8].
International organizations have developed and prepared basic documentation for the international
harmonization of approaches to solving metrological problems. These include the ISO/IEC 17025:2017
standard; the JCGM 100:2008 Joint Metrology Guidelines document, as the latest revision of GUM: 1995,
which provides guidance on measuring uncertainty in measurement; the International Dictionary of
Metrology JCGM 200:2012, which presents the terms and concepts used in the field of metrology; and
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JCGM 101:2008 (Supplement 1 to GUM:1995), which provides practical guidance on using Monte Carlo
simulations to estimate uncertainty.

Methods. Standard method described in GUM (Guide to the Expression of Uncertainty in
Measurement), has been applied worldwide for different measuring systems and is currently the standard
procedure for estimating uncertainty in metrology [5, 9-11]. The GUM estimation of measurement
uncertainty in analytical measurements has been widely reported in the literature [8, 12-14]. Examples of
GUM estimation of the uncertainty of temperature, AC voltage, and pressure measurements are given in
[13]. Meanwhile, [4] describes uncertainty assessment during the metrological certification of means of
measuring the moment of inertia of electric motors.

Due to the complexity of calculations, the analytical estimation of the effective number of degrees of
freedom using the Welsh-Satterthwaite formula remains an unsolved problem [3]. One approach to
overcoming these limitations is to use a convolution of the probability distributions of input quantities, for
example, using the Monte Carlo simulation method [15].

The essence of the Monte Carlo method is as follows: each time the measurement function is
calculated, it generates randomly generated input values that vary around its nominal value within the
uncertainty interval in accordance with the distribution law.In [16], examples of the application of the
Monte Carlo simulation method for estimating the measurement uncertainty ofvarious practical problems
are given: evaluating the real efficiency of a fuel cell, measuring torque, preparing a standard cadmium
solution, and measuring the Brinell hardness.

Kragten method (spreadsheet method) is recommended for complex expressions to simplify
calculations. This procedure uses an approximate numerical method of differentiation and requires only
the numerical values of the parameters, and their uncertainties [6]. It assumes either that the measurement
model is linear in the input variables or that the uncertainty of the corresponding input quantity is small
compared to its value. Kragten method advantage lies in the fact that the correlation between variables can
be easily taken into account by adding the appropriate elements in the spreadsheet.

The analysis showed that in most cases, the GUM, Kragten and Monte Carlo methods give almost the
same value for the standard uncertainty associated with the estimation of the measured value. The
differences become apparent when the distributions are far from normal and the measurement result
nonlinearly depends on one or more input quantities. Where there is significant non-linearity, the standard
GUM method is not recommended. However, nonlinearity can be taken into account in the GUM by
including higher order terms in the calculations [17].Where the distributions differ significantly from
normal, the Kragten and standard GUM methods give a distorted estimate of the standard uncertainty,
while the Monte Carlo method allows a determination of the distribution law of the output quantity and,
accordingly, displays the real “coverage interval” [18, 19].

The above methods have not yet been applied to the estimation of the uncertainty of flow
measurement. This problem is the subject of research in this article. The aim of the work is to study
methods for estimating uncertainty during the calibration of flowmeters in situ without removing them
from their place of operation.

Application of methods. The uncertainty of the industrial flow meter relative error is estimated
based on the Standard of the Republic of Kazakhstan ST RK 2.328-2015 “Electromagnetic flow meters:
Verification Technique™. This standard proposes the following measurement model:

8o = QQ;:’” x 100, (1)
where Q; is the value of the flow according to the metering values of EFM, and (), is the flow rate
according to the indications of the reference Coriolis flowmeter (CFM).

However, this Standard regulates the estimation of the uncertainty of the relative error of
clectromagnetic flowmeters using only type B.

The authors substantiate and propose calculating the uncertainty using not only type B but also type 4
[20]. The calculation of type A includes statistically processing the results of multiple measurements,
namely the calculation of the mathematical expectation, variance, and standard deviation. An estimate of
the flow rate Q is the arithmetic mean of » = /7 observations Q; (i = 1,2, ..., n) for each point being
verified (7 = 4): @, - for the reference flow meter; Q- for the verified EFM.
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The standard measurement uncertainties of the electromagnetic and reference flowmeters using type
A are calculated by the formulas:

Y 1(Qri—0r)? T (Qpi—Qp)?
wj(Qr) = /%, uAj(QP) = W, 2)

where Qy;, Qp; are the i-meter readings at the j point being verified.
The standard uncertainty of the relative error of type 4 at each verified point (j = 1, 2, 3, 4) is
calculated by the formula:

s, ()= [CPitn (Qr)? + Chuug (0,

where Cr.and C, are sensitivity coefficients, which are defined as partial derivatives of equation (1) with
respect to the corresponding variables.
The final value of the standard uncertainty of the relative error of EFM type 4 is:

Ug = (Z}*=1 Uy, (6))/4. (3)
To calculate the total standard uncertainty of the EFM relative error, we have:
uc(®) = [u3(8) + p3(®) @

ups (6) - the type B uncertainty calculation includes the relative error uncertainties of the EFM and the
reference flow meter in accordance with ST RK 2.328-2015.

The calculation of the expanded uncertainty of the relative error of the EFM is performed according
to the formula:

U(d) = k- uc(d). ®)

The measurement result can be written as:§ + U(5)% ;p=0,95 .

Applying the Monte Carlo method requires selecting the quantities of model estimation to be
performed and the confidence level p. It is best to choose a sufficiently large value of m in comparison
with 1/(1-p) (for example, exceeding it by 10° times).

The simulation of the process of estimating the uncertainty of the EFM relative error is performed as
follows:

a) two arrays of random numbers are generated, obeying uniform distribution laws, with a volume of
m = 10° for input quantities: Q, is the result of measuring the flow rate with EFM; O, is the result of
measuring the flow with a reference CFM;

b) an array of an estimate of the output value is generated— the relative error of the EFM (6);

¢) estimates of the following parameters of the resulting distribution are calculated:

- total standard uncertainty: u(8) = \/ 206, -M (6))2 /10,
where M(0) is the mean of the relative error of the EFM;

- expanded uncertainty: u@) = %[6975000 — 855000l:

- coverage coefficient: k=U(8)/u.(5);

d) the obtained measurement result is written as:§ + U(8)% ; P=0,95 .

Kragten method. The spreadsheet method is recommended for complex expressions in order to
simplify calculations.

In the expression for the uncertainty of the EFM relative error:

u (5(Qr» Qp)) = \]2 (;—giu(Qi))z

i=r,p
the partial differentials (06/00,), (00 /0Q,) are approximated by finite differences.
This method provides acceptable accuracy for practical purposes when it is considered taking into
account the necessary approximations made when evaluating the valuesu(Q;). In [6], this question is
discussed more fully.
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The comparison of the GUM and Monte Carlo methods (data of column D2 in Table 1) showed that
the differences between the estimates of the measured value (relative error) reach 55%, the differences
between the expanded uncertainty and repeatability are not more than 21.8%, and the coverage interval
does not exceed = 1% for each verified point in both methods.

The large differences between the Kragten or GUM methods on the one hand and the Monte Carlo
method on the other hand indicate significant deviations from the normality of the distribution of input
quantities.

The calculations showed that all three methods (GUM, Kragten, and Monte Carlo) give values of
standard uncertainty that do not exceed the permissible range of the relative error of EFM (£ 1%).

The Monte Carlo method with a sufficiently large number of simulations gives a better
approximation. However, Monte Carlo calculations take longer (due to the sorting and processing of large
arrays), although they can be performed by less qualified personnel (no in-depth knowledge of
mathematics is required). The Monte Carlo method can be considered as a practical alternative to the
GUM uncertainty estimation method.

The Kragten method gives results similar to the GUM method. No significant differences between the
results obtained by the GUM and the Kragten methods were noted. The Kragten method is preferable in
the absence of the need to calculate the sensitivity coefficients when calculating the total standard
uncertainty, which is important for complex measurement equations. The Kragten method is
recommended as a less time-consuming tool for calculations.
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OHEPKOCIITIK MIBIFbIH OJIIETTIITEP BEJTICI3AITTH
ECENTEY 9AICTEPIH 3EPTTEY K9HE KOJJIAHY

Annoramusa. Kazakcran PecnyOnukacsiHAa YpaH 6HAIPY KSPACTHI MAHMAaNay dIiCIMCH JKY3eTe aChIPhLIAIBI 9pi
Oy1 OHIIPYIiH €H THIMI 9HE IKOJOTHIBIK Ta3a daicTepiHiH Oipi. byr amicke colikec maimanay epiTiHzici anaay
YHFBIMAIIAPBI aPKbLIBI Ocpinesi, al KypaMblHAA YPAH KE3ACCETiH CPIiTiHIlL COPY YHFBIMACHI apKbLTbI COphLIabl. JKep
KOMHAYBI IC Ky3iHZE Oy3pUIMAHIBI KOHE TinTi OIpHEINE JKbII IMIHAE TOJBIFBIMCH KAJIIBIHA KENTipLICII.
Cinrici3neHaipy epiTiHAICIH KadbLIay »K9HE TapaTy TOPANTAPBIHAA MOIICPIiH OIIICY YIIiH KONTEICH OHEPKICINTIK
3JICKTPMATHHUTTIK IOBFBIH OJIICTIMTSP KOIAAHBLIAIBL, 0AP TCKCCPY AAKTANFAHHAH KCHIH MCTPOJIOTHAIBIK TCKCEPY -
JICH 6Tyl Kepek. Yrim emmey kKypangapeiH aHemece MCO/MBK 17025-2017 craHmapThl OOMBIHINA aKKPSIATTCITCH
KATHOPICY KOHABIPFRUIAPHIH KOJIAHATHIH ITBIFBIH OJIMICTIITCPAl KATHOPIICYiH Kbl KaObBUITAHFAH OJICi KbIMOAT
JKOHE KeHIe KOIDKETIMCI3 OOJIBI KAaTabl, HETI31HEH KbI3MET KOPCETETIH KbI3METKED MKAJAKBICHI MEH KYOBIp KyHeci -
HCH IIBIFBIH OJIICTIINTI aJbII TacTayFa OAIAHBICTHI JOTHCTHKANBIK INBIFBIHAAP OOJIBIN Keleal. ABTOpIap manaa-
JaHy OpHbI OOMBIHINA 6HEPKACINTIK MIBIFBIH OJMICTIIITEPAl TEKCEPY MPOLEAYPACHIH KYPTi3yTre apHAIFAH JKbIJDKBIMA-
JIBI MCTPOJIOTHSIIBIK KCIICHHIH, (DH3HKAITBIK, CTCH/IIH 931 pCl.

KazakcraHaplk CoMKecTiK cepTH()MKATTAPBIH KOHE OHIMIC CHIHAK HOTIDKCIICPIH TAHYFa >Karaad >kacay YINiH
OIMIICYIIH aWKBIH CMCCTIiriH Oaranay Taman erineai. Oceiran OaitmaneicThl Ka3akcTanaa enmiey aiH OCHTICI3aiK TYKBI-
PBIMIAMACHIH TIPAKTHUKANIBIK KOJAAHYABIH JKAHTAHFAHBI Oaifkanmaasl. MeTpONOTHSUIBIK €CenTepal Iemy Ke3iHae
KOJTAHBUIATBHIH aMATAAPAbl XaIbIKAPANBIK YHICCTIPY YIIH XaJbIKAPAIBIK YHBIMIApP KEJIECi HEeri3ri Ky:KaTTapabl
azipneni skoHe manbrHmamsr: MCO/M3K 17025:2017 cranmapThl, COHFBI TOJNBIKTHIPBLFAH PENAKIMICHI PETIHIC
GUM:1995; enxmeyaiH aiiKbIH eMECTITIH Oaranay >KeHIHIET1 YCHIHBIMAAPABI KAMTHTBIH METPOIOTHS OolbIHIIA bipik-
keH komuterTiH JCGM 100:2008 KyKaThl, METPOJIOTHA CaJachlHIA NMAWIANAHBIIATHIH OApJbIK TCPMHHICP MCEH
YFBIMAAP KaMThUFaH Merpostorus Ooitbrama JCGM 200:2012 xamsikapamsik cesaik, JCGM 101:2008 HycKayIsFbI
(GUM-ra tomsIkThIpy 1:1995).

Maxkanaga XaJapIKapaiablK KYKAaTTapaa YCHIHBLUIFAH AWKBIH CMCCTIKTI OarajayablH KEICCl YII QMICIHE IOy
skacaasl: crangaptTel GUM, Monre-Kapno xone Kparten oxicrepi. HIbirbHAp! 6Mmeyaid Oenricizairin 6aramay
omicTepl OyraH AEHiH KOJTAHBUIMAFaH. byn Mocene MakalaHbIH 3EPTTEY HBICAHBI OOJBIN CAHANATBL. OHEPKACINTIK
3MEKTPMATHHUTTIK IOBIFBIH OJIICTIIITIH CANBICTRIPMANbl KATECIiHIH OeiTici3AiriH Oaramay YINH OCHI dmiCTEepIi
KOJIAHY 3CPTTCICAL.

— 150 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

ABTrOpnap TEXHHKANBIK NIBIFBIH OIIICTIMTEPAl TEKCEPY HOTIDKEIEPIH aly YIOIH METPOJOTHAIBIK KEIICH
KypaMbIHa «METPOJIor» aBTOMATTAHIBIPBLUTFAH SKYMBIC OpHBEH (AXKO) xockan, 6y1 AXKO kypamemzga NILabView
rpaduKaTbIK OargapiaaMaay OpTAchIHAA J3IPICHICH 3JICKTPMATHHTTIK INBIFBIH OJMICTIINTIH AHBIKTATIMAFAHIBEFBIH
ecenrrey OaraapraManapsl opHaTeUFaH. COHBIMEH KaTap, 3€PTTEYJIep XKYPri3y YINiH 6HCPKICINTIK IIBIFBIH OJIIICTImI-
TEPIH CATBICTRIPMAJIBI KATCCIHIH Oerici3airin 6arajaay MOACTI YCHHBLIFAH, JJICKTPMATHUTTIK IIBIFBIH OIMICTINNTIH
Oenricizairin 6aranay OOMBIHINIA YII dIC HETi3iHAe, aran aWTKanaa, cranaaprtsl GUM, Monre-Kapmo »one Kparre-
HMCH CCENTEIIII.

MeTpooTHANBIK KeICHACT] TOKIPHOCTIK HOTIDKEICPI MCH 3JICKTPMATHAUTTIK MIBIFBIH OIMICTIINTIH CAJBICTHIP-
MaJbl KaTeCiHiH Oenrici3AiriH Oaranay HOTIDKEJCPIHE CANBICTHIPMAIBI TANAAy KenTipiareH. OpbIHAAFaH €CenTey
JKYMBICTAphI Keneciach HoTmke kepceTTi: 0apmeIk ym oxic (GUM, Kparren sxone MorTe-Kapio) 31eKTpMarHuTTiK
IOBIFBIH OJTIICTIINTIH CaIBICTHIPMAJIBI KATS THATIA30HBIHAH (£1%) acTIalThIH CTAHAAPTTHI OCITICI3AIK MOHIH Oepei.

Momnre-Kapno omici mMuTaIms apKbLIbl KAKBIHAAyFa MYMKIHAIK Oeperi. Amaiina Monrte-Kapno amicimeH
©CCITCY KON YaKBITTHI alambl (YIKCH MACCHBICPAL CYPHINTAY KOHC OHACY ccOcOiHCH), OipaK OHBI KBATH(DHIHACH
TOMCH KBISMCTKCPIICP OPBIHAAH anmamsl (MATCMATHKAHBI TCPCH OUMymiH KakeTi kx0K). Monte-Kapno oxicin
ocrricizaikri OaragayapiH GUM oziciHe mpakTHKAIBIK OaramMa peTiHae KapacTeipyra 0omaast [19].

Kparren omici GUM omicine ykcac Hotmke kepcereni. GUM xone KparreH omicTepi OOHBIHIIA abIHFAH
HOTIDKCJICP ApACHIHAAFBI AHTAPIIBIKTAH AHBIPMAIIBLTBIKTAp OaHKATIMATIBL.

Kammer craHmapTTel OSNTICI3AIKTI ecenTeyae Ce3iMTAIABIK KOI(Q(UIMEHTIH ecenTey KAKETTLITIHIH KOKTHI-
FeIHA OQIMIAHBICTHI KYPACTI eNmiey TCHACYl KoiamaHsLFaHna KparteH oaici komaiumsr keieai. Ecenreyai opsHmay
ymriH KparteH a7ici a3 yakbITTHI KQKET €TETiH Kypall peTiHAE YCHIHBLIAIBL

Tyiiin ce3aep: emmeyniH aWkKeH eMecTtiri, craHAaprTel GUM omici, Monte-Kapmo omici, Kparten kecteci,
TEKCEPY, FNCKTPMATHUTTIK IIBIFBIH OJIICTIII,
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HCCIEAOBAHUE U TIPUMEHEHHUE METOAOB PACUETA HEOIIPEAEJIEHHOCTH
HU3IMEPEHUA NPOMBIINLIEHHBIX PACXOJAOMEPOB

Annoramusi. B PecnyOnmke Kazaxcran noObra ypana OCYHIECTBISICTCSI METOIOM HOA3EMHOTO BBIIICIAYHBA -
HUS - OOHHM W3 CAMBIX PCHTAOCTHHBIX H 3KOJOTHUCCKH YHCTHIX CHOCO00B m00bmH. COTIACHO 3TOMY METOIY
BBIIICIAYNBAIOIINI PACTBOP MOJACTCS YEPE3 3aKAUHbIC CKBAKHHBI, a MMPOJYKTHBHBIH PACTBOP, COACPKALIMK YPaH,
OTKAUMBACTCS YEpe3 OTKAYHYI0 CKBAOKHWHY. Heapa MpakTHYECKH HE Pa3pyIIAlOTCI M JAKE TMOJTHOCTHIO
BOCCTAHABJIMBAIOTCS B TCUCHUE HECKOJLKHUX JIeT. Ha y3max mprueMa 1 pactpeescHIS BhIMEIAYNBAOIINX PACTBOPOB
JUT1 H3MEPCHHUS UX KOIMYECTBA HCIOB3YETCs OOIBIIOE KOJIUYECTBO IPOMBIIIICHHBIX 3JICKTPOMATrHUTHBIX PAcX010-
MepoB (OMP), KOTOpBIE MO WCTEUCHUIO MEXKIIOBEPOYHOTO HMHTEPBANA JODKHBI IPOXOIUTh METPOJOTHUECKYIO
nmoBepKy. OOIETPHHATHIH METO] KATHOPOBKH PACXOJIOMEPOB C PHMEHEHUEM 00PA3IOBBIX CPEICTB H3MEPEHHUH HITH
C MOMOMIBI0 KAMMOPOBOYHBIX YCTAHOBOK, aKKPeAWTOBAaHHBIX Mo craHmapry MCO/M3IK 17025-2017, moxer ObITH
JOPOTOCTOSAIINM W WHOTJA HEOCYIIECTBUMBIM, TJIABHBIM 00PAa30M H3-3a 3aTPaT Ha OIUIATY TPyAa OOCIYKUBAIOIICTO
TIEPCOHANIA | 3aTPaT Ha JIOTHCTHKY, CBA3aHHBIX C YAAICHHEM PACX0A0MEPA M3 CHCTEMBI TPYOOTIPOBOIOB. ABTOpaMH
pa3paboTtaH PuU3HIECKHH CTEHA NEPEIBIMKHOTO METPOJIOTHIECKOTO KOMIUIEKCA, MPETHA3HAUCHHOTO I IPOBEACHMUS
TIPOTIETYPBI OBEPKHU IMPOMBIILICHHBIX PACXOIOMEPOB MO MECTY 3KCILIY aTAllHH.

J1st co3aaHus yCIoBHil MPH3HAHKSA KA3aXCTAHCKUX CEPTU(PHUKATOB COOTBETCTBHS U PE3yIbTATOB HCIBITAHUH HA
MPOAYKIHEO TPEOYETCSA OLCHKA HCOMPSACICHHOCTH H3MCPCHHH. B CBA3H ¢ 3THM HAOMOIACTCS AKTHBH3ALUKS PAKTH-
YECKOTO MpHMEHCHNUS B Ka3axcrane KOHIEIIMU HEOIIPEICICHHOCTH U3MEPEHUH. MesKay HapOTHBIMH OPTaHH3aIHs-
MH pa3paboTaHbl M IOATOTOBJICHBI OCHOBHbBIC JOKYMCHTHI IO MEKIYHAPOAHOW TAPMOHMBAIMH IOJXOJOB IIPH
pemicHHH MeTpoJoTHaecKkux 3amad. craHgapt MCO/MOBK 17025:2017; moxymeHT OOBSIMHCHHOTO KOMHTETA
pykoBoacTs 1o Merpoxorun JCGM 100:2008, kak nocneauss qononaeHAas pegakumst GUM: 1995, xoropast coaep-
SKUT PEKOMCHIAIMHY MO OLICHKE HEOMPEICICHHOCTH B H3MEPECHHIH, MEKAY HAPOAHBIN croBapk 1o Merpoiornu JCGM
200:2012, Tae mpeacTaBICHBI BCS TCPMHUHBI H MOHATHS, HCIOIB3YEMBIC B 00IACTH MCTPOJIOTHH, pykoBoacTeo JCGM
101:2008 (Hdomomaenue 1 k GUM:1995).

B crartbe mpuBeneH 0030p TPEX METOI0B OLICHUBAHMS HEOTIPEACICHHOCTH, PEKOMEHIYEMbIX MEXKIYHAPOIHBIMHA
JokyMmeHTamu: cranmaptHeiM GUM, Mownre-Kapno u Kparrtena. [IpuBeacHHbIE METOIBI HE MMPUMEHSINCH K OIICHKE
HEOTPEACICHHOCTH HM3MEPEHHUS pacxoja. JTa 3a7ada sBISIETCS IPESIMETOM HCCICAOBAHMS HACTOANICH CTaTHH.
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HccnenoBaHO TPHMEHEHHWE 3THX METOAOB U1 OLCHHWBAHHMA HEONPEACICHHOCTH OTHOCHTCIBLHOH IOTPEIIHOCTH
TIPOMBIIIICHHOTO 3JICKTPOMATHUTHOTO PacX0I0Mepa.

J1s monydeHus pe3yIbTaToB MPOBEPKH TEXHHUCCKHUX PACXOJOMEPOB aBTOPAMH B COCTAB METPOJOTHYCCKOTO
KoMILIekca BKFOUCH APM «Metpomor» ¢ pa3paboTaHHBIME B Cpee rpadmaeckoro mporpammuposanus NI LabView
MPOTPAMMAaMH PAcueTa HEOPEIACICHHOCTH IICKTPOMATHIUTHOTO PacxoI0Mepa.

Kpome Toro, mpennokeHa MOJENTb OLCHUBAHUSA HEOMPEICICHHOCTH OTHOCHTEIFHON HMOTPEITHOCTH IPOMBIII-
JCHHBIX PACXOJOMEPOB Uil TPOBECACHHSI HCCICIOBAHHH. PacdeTsl Mo ONCHKE HEOMPEACICHHOCTH W3MEPCHHH
3JIEKTPOMATHHTHOTO PACX00MEPA IMPOBEACHBI TpeMsI MeToaamu: craHmapTHeiM GUM, Monre-Kapo n Kparrena.

[TpuBeneHBI PE3yIBTATHI IKCIIEPUMEHTOB HA METPOJIOTHUCCKOM KOMIDICKCE W CPABHHTEIBHBIM AHATIH3 PE3YIb-
TaTOB OLICHWBAHHS HEOIPEACICHHOCTH OTHOCHTCILHON MOTPEITHOCTH 3JICKTPOMATHHUTHOTO pacxomoMepa. Brmod-
HCHHBIC PAcUCTHI moka3amm, uto Bce Tpu Meroma (GUM, Kparrena m MonTte-Kapio) JaroT 3HAYCHHSA CTAaHAAPTHOM
HEOTPEICICHHOCTH, HE TIPEBBIIIAOIIIC Oy CTUMBII AUAIAa30H OTHOCHTEIbHOH morpemHocTe OMP (+ 1%).

Merox Monte-Kapno mpu moctaroyHo OOJNBIIOM YHCIC WMHTAUWH JaeT iyqmee npuOmpkeHwe. OmHAKo
pacuer mo mMeroay Monte-Kapmo 3aHnMaeT OombIne BpeMCEHH (3a CUCT COPTHPOBKH H 00pabOTKH GOIBITHX MACCH-
BOB), HO MOYKCT BBITIOJHATHCS MEHEE KBATH(HIMPOBAHHBIM IIEPCOHAIOM (HE TPeOyeTcs TIyOOKOTO 3HAHUS MaTeMa-
TuKH). MeTtoa MonTe-Kapio MOKHO paccMaTpHBaTh KAk MPAKTHUCCKYHO aNbTCPHATHBY METOLY OLCHKU HEOMpEIc-
nearocta GUM [19].

Metox Kparrena maer pesynbrarsl aHatormaabic Metoqy GUM. CymecTBCHHBIC Pa3IHIUsA MCKIY PE3yIIbTra-
tamu, oxy4yeHHbIME 110 GUM u merony Kparrena, He OTMEHUCHBIL.

Merox Kparrena npeanodTuresicH BBUAY OTCYTCTBHSI HEOOXOAMMOCTH pacuera KO3()(DHIUCHTOB My BCTBUTCTb-
HOCTH NpPH BBYHCICHHH CYMMAPHOH CTAHJAPTHOH HEONMPEACICHHOCTH, YTO HMECT 3HAYCHHE MPH CJIOMKHBIX
ypaBHeHUAX u3MepeHnd. Metoa KparteHa pekOMEHAYeTCA KAk MEHEE TPYAOSMKIM HHCTPYMEHT AL PACUCTOB.

Kirouerbie ¢j10Ba: HCOMPSACICHHOCTS M3MEPCHHS, cTaHnapTHei Metoaq GUM, merox Morte-Kapmo, Tabm-
na KparreHa, moBepka; 31€KTPOMArHUTHBIN PAaCX0I0MED.
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