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Annotation

The problem of studying of the uncertainty theory principles and understanding the relationship between the concepts of
uncertainty and error and practical application skills of the determining uncertainty method in the international harmonization
pursuit and unification of measurement results evaluation were analyzed.

The estimating uncertainty results by standard methods can be sublimated into tabular form shown as uncertainty budget. To
calculate the indicators that make up the uncertainty budget it is necessary to make a model equation of the studying process, to
obtain numerical values for standard uncertainties of types A and B, sensitivity coefficients, total standard uncertainty and extended
uncertainty. These calculations require specialists in technical specialties, with a high level of mathematical training and a lot of
effort and time to solve practical problems for uncertainty assessment when solving a specific engineering problem. Therefore, it is

advisable to use computer mathematics systems (CMS) to calculate the measurement uncertainty budget.

Skills possession in working with CMS Maple allows you to algorithmize the estimating measurement uncertainty process.
The authors have developed a training program called UC (Uncertainty), which makes it possible to obtain results for budgeting
uncertainty in the presence of a model equation of the process and measurement results.

Thus, the using CMS Maple expediency and possibility to solve the problems of applied metrology to assess the measurement

results uncertainty are substantiated.

Keywords: the uncertainty theory, the uncertainty budget, model equation, measurement uncertainty assessment, automation,

CMS Maple, program UC (Uncertainty).

Since 2007 the 1 January according to Order of State
Committee for Technical Regulation and Consumer
Policy of Ukraine since 11.07.2006 the normative
document was came into force DSTU-N RMG 43:2006
Metrology. Application Manual to expression of
measurement uncertainty (RMG 43-2001, IDT). In this
manual legally enshrined the method of measurement
estimation of results’ accuracy according to uncertainty
theory provisions in metrology.

Last time in metrology both theoretical and
experimental essential changes took place. These changes
connected at first introducing notion “uncertainty" to

estimate the quality of measurement results and
measurement instruments.
In “error conception” measurement results’

accuracy was determined measurement error. That is
measurement result’s deviation from real value of
measured one [1].

In “uncertainty conception” measurement results’
accuracy was determined a measurement uncertainty.
This conception based on postulate: measurement result
is random variable. As parameter a measurement
uncertainty characterized scattering the set of possible
values but not certain measurement result’s value [2].

Calculation methods of uncertainty such as error
estimation methods based on the same mathematical
statistics methods. The same for both approaches are and
actions’ sequences during measurement error and
uncertainty calculations [3, 4].

Actual problem today is a lack of understanding the
uncertainty principles and the relation between
uncertainty and error conceptions by metrology engineers.
They have not enough competence of practical applied
method expression uncertainty that is a part of the desire

to international harmonization and unification of
measurement results estimation.

On the other hand the measurement uncertainty
assessment needs huge volume calculation and using
difficult mathematical operation. To simplify these works
it is expedient different computer mathematic systems.

Thus this article purpose is show how we can use
computer mathematic system Maple to statistical
calculations in general and uncertainty one in particular.

There are many publications described principles of
uncertainty theory and accuracy assessment of
measurement methods. Using such kind publications
metrology engineers and students are studying these
theory principles.

In general the process of measurement uncertainty
assessment consists a number of steps [5].

1. Specify the Process and Equation

To estimate uncertainty, it is necessary to divide the
model equation and evaluate the uncertainty of each
variable.

2. ldentify and Characterize the Uncertainty Sources
After we know the measurement process, we need to
identify the factors that influence uncertainty in
measurement results.

3. Quantify the Magnitude of Uncertainty Components
Before calculating measurement uncertainty, we must
first determine the magnitude of each contributing factor.
To accomplish this, we may need to perform some data
reduction and analysis.

Once we have analyzed the data and determined the
magnitude of each uncertainty source, we will want to use
an uncertainty budget helping to calculate a total
expanded uncertainty. Uncertainty budgets are a great tool
for organizing the data and demonstrating how we
calculated the measurement uncertainty estimation.
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4. Convert Uncertainty Components to Standard
Deviation Equivalents
After that we need to reduce each uncertainty contributor
to a standard deviation equivalent. This task must be done
for each uncertainty contributor that we quantified in step
3.
5. Calculate the Combined Standard Uncertainty
After we have reduced the uncertainty sources to standard
deviation equivalents, it is necessary to combine them. To
accomplish this, we must use the root sum of squares
method or RSS.
6. Calculate the Expanded Uncertainty
On next step, it is necessary to expand a combined
uncertainty to an acceptable level of confidence.
7. Evaluate Uncertainty for Appropriateness
Once we have calculated the expanded uncertainty, it is
important to evaluate the uncertainty estimation for
appropriateness. It gives confidence that measurement
uncertainty estimation adequately represents a certain
measurement process and it is not overestimated or
underestimated.

In this article to simplify the uncertainty assessment
it is proposing to use the computer packages. There are

many computer packages calculating statistical
performances.
Computer Mathematics Systems are effective

method to mathematic learning and processing by
technical specialists from Europe, USA, Japan, China and
other countries. Unfortunately in our education system
both students and teachers are known modern computer
mathematics systems not enough. It very slowed down
solving some problems to implement our education
system and technical community in world education ones
where computer mathematics systems are in active using.

Publication analysis evidents about intensive
investigation on the implementation of information and
communication technologies in particular computer
oriented education systems.

Choice of Computer Mathematics System dependent
on the ultimate goal of tasks class, their appointment.

The main functions of such systems are:

e visual means data presenting (electron reference
book with hypertext help system and intuitive
interface, animate examples audio and video
accompaniment);

e solving practical problems means, complex
models research, thorough analysis of solving
tasks’ variants, development of practical skills
of mathematical reasoning.

CMS can be divided into seven classes: systems for
numerical calculations; table processors; matrix systems;
systems for statistical calculations; systems for special
calculations; systems for analytical calculations
(computer algebra); universal systems [6].

CMS comparison was shown in table [7].

Compared to other mathematical software packages,
CMS Maple has several advantages that are of particular
importance when solving statistical applied problems in
the field of metrology, namely: possibility of symbolic
calculations, operation of numbers with arbitrary
accuracy, representation of graphs in dynamic mode,
etc [8].

CMS comparison

Table

CMS Advantages Disadvantages

Mathematica | Compatibility with | Excessive copy
computer protection.
platforms. 3D- | Targeting
graphics. experienced users.
Documents
(notebook). Sound
synthesis support.

Matlab Unique matrix Limited
tools, descriptor opportunities of
graphics, high symbolic
speed calculations, | calculations.
adaptation to High cost of the
user’s tasks and system and their
number of system | packages.
packages.

MathCad Quality graphics Symbolic
and visualization mathematic
during limitation.
calculations. Primitive
Comfortable programming. Cost
interface. of electron books
Mathematical and libraries.
signs palette
availability. Huge
choice of electron
books and
libraries, operators
and functions.

Maple Thoughtful kernel | No sound
of symbolic synthesis.
calculations.
Documents
(notebook). High
quality graphics.
Convenient help
system.

There are many manuals the metrology students and
engineers using the uncertainty theory fundamentals and
estimation method of uncertainty theory. Using standard
method the estimation of measurement uncertainty we can
transform to table form which represented as uncertainty
budget [5]. To calculate the factors including to an
uncertainty budget students must made a model equation
of studying process, obtained numerical values to
standard uncertainty A and B types, sensitivity factor (as
derivative part of output value from every input values),
summary standard uncertainty and expanded uncertainty.
Such calculations require from specialists to have a high
level of mathematical education and spend a lot of effort
and time to solve practical tasks to estimate an uncertainty
during to solve specific engineering tasks. Thus it is
relevant metrology specialists to use computer
mathematical system (CMS) to write an measurement
uncertainty budget.

CMS Maple allowed to make algorithm an
uncertainty estimation process. The program called UC
(Uncertainty) has been developed by authors, allowed to
obtain an uncertainty budget results. Input data are
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modeling equation, measuring results (input quantities).  Conclusion

This program calculates such values: input values Thus it was justified expediency and possibility

estimate, output values estimate, standard uncertainty, using CMS Maple to solve applied metrology tasks to

expanded uncertainty. estimate measurement results’ uncertainty and the
This program output results are uncertainty budget importance of learning the metrology students, engineers

and graphical illustration of evaluating standard and the other ones of technical subjects to use UC

uncertainty. program for optimisation of metrology tasks solving

problems.

AHoTauis

[IpoananizoBano mpoGieMy BUBYECHHS OCHOB TeOPii HEBU3HAUEHOCTI, PO3YMIiHHS CIiBBITHOIICHHS KOHIENIiii HEBU3HAYEHOCT1
Ta MOXUOKH, Ta HABUYOK NPAKTHYHOT'O 3aCTOCYBAaHHS METOAMKH BH3HAYEHHS HEBU3HAYEHOCT] B paMKaxX IPAarHEHHS 10 MiXXHAapOIHOT
rapMoHi3auii Ta yHi¢ikarii oIliHIOBaHHS Pe3yJIbTaTiB BUMipIOBaHb.

PesynbTaTé OLIHIOBAaHHS HEBH3HAUCHOCTI 3a CTAHJAPTHOIO METOIUKOI0 MOXYTh OyTH CyOiiMOBaHi y TabnH4Hy (opMmy,
NofaHy SIK OIOJDKET HeBH3HA4YeHOCTI. J[sl OOYMCIICHHS MMOKa3HUKIB, SIKI CTAHOBIITH OIO/PKET HEBH3HAYEHOCTI, HEOOXITHO CKIACTH
MOJIeNbHEe PiBHSAHHS IPOIECy, KUl JOCTIPKYIOTh, OTPHIMATH YHCIOBI 3HAYESHHS UL CTAaHJAPTHUX HeBU3HAa4eHocTe i TumiB A i B,
KOe(IIli€HTIB YyTJIIMBOCTI, CyMapHOi CTAaHJApPTHOI HEBH3HAYEHOCTi Ta HANpPHKIHII PO3IIMpeHoi HeBH3HadeHOCTi. Lli po3paxyHKH
BUMArarmTh BiJl (aXiBI[iB TEXHIYHHX CIEIiAIbHOCTEH, BOJOMIHHSI BHUCOKHM PIBHEM MaTeMaTH4YHOI MiJATOTOBKH, a TaKOX Oarato
3yCHJIb Ta 4acy JUIA PO3B’SI3aHHS MPAKTUYHUX 3aBIAaHb 3 OL[IHIOBaHHS HEBH3HAYCHOCTI IiJ Yac BHPIMICHHS KOHKPETHOI 1HXEHEPHOL
3agayi. ToMy nomipHEUM BOayaeThbCs BHUKOPUCTAHHS cucTeM Komm 'tortepHoi Marematuku (CMK) mns ckimagaHHsS OrokeTy
HEBU3HAYCHOCTI BUMIiPIOBAHb.

Bomoninas nHaBuukamum B pobori 3 CMK Maple m03BoJsie anropuTMi3yBaTH TMPOIEC OIHIOBAaHHS HEBH3HAYEHOCTI
BUMIpIOBaHHS. ABTOpaMH po3poOiieHo HaB4yanbHy mporpamy mig HasBoro UC (Uncertainty), sika Hagae MOXIJIUBICTb OTPUMYBaTH
pe3yabTaTH TS CKIIaJaHHs OI0KEeTy HEBU3HAUCHOCTI 32 HaIBHOCTI MOJIEIIBEHOTO PIBHSHHS MIPOLIECy Ta Pe3yNIbTaTiB BUMIPIOBAaHb.

Taxkum 4rHOM, OOTPYHTOBAHO JOLUIBHICTh Ta MOXJIMBICTH 3acTocyBaHHs1 CMK Maple i BUpimIeHHs 3aBaHb MPUKIJIATHOT
METPOJIOTIi 3 OIiHIOBaHHS HEBU3HAYEHOCTI pe3yJIbTaTiB BUMiPIOBaHHSI.

KiwuoBi cioBa: Teopis HEBHU3HAYCHOCTI, OFOJKET HEBH3HAYCHOCTI, MOJICIbHE PIBHSHHS, OIIHIOBAHHS HEBH3HAYCHOCTI
BuMiproBanHsi, aToMarusaiis, CKM Maple, nporpama UC (Uncertainty).

AHHOTANMSA

[Mpoanamm3upoBana mpobiaeMa WU3YYEHHS OCHOB TEOPHHM HEOIPEACNICHHOCTH, MOHWMAHUS COOTHOIICHUS KOHIETIHI
HEOTIPEIETIEHHOCTH 1 MOTPEIIHOCTH M HAaBBIKOB IIPAKTHIECKOTO NMPUMEHEHHUSI METOIUKH ONIPEAEIICHNsI HEOTIPEAEICHHOCTH B PaMKax
JIBIDKEHHS K MeKTYHAPOJHOH TapMOHN3AINY Ha YHI(UKALUY OI[CHUBAHHS PE3yIbTaTOB H3MEPEHUI.

Pe3ynbTaThl OLlEHMBAHMS HEONPEIEICHHOCTI 10 CTaHJAapTHOW METOIUKE MOTYT OBITH CYOIMMHpPOBaHBI B TAaOIUUHYIO (HOpMY,
NIPE/ICTAaBICHHYI0 Kak OKeT HeomlpeneleHHOCTH. JIsi BHYMCIEHHs IIOKa3aTeseil, KOTOpble COCTaBJIAIOT  OFOJDKET
HEOTIPEIeIICHHOCTH, HEOOX0IUMO COCTaBUTh MOJIENIbHOE YpaBHEHHE HMCCIIEIYeMOro Mpollecca, MOITyYUTh YHCIOBBIE 3HAUCHUS VIS
CTaHIapTHUX HeolpenesieHHoCTell TUIIOB A 1 B, k03 hUIIMEeHTOB UyCTBUTENBEHOCTI, CyMMapHOH CTaHJIapTHOM HEONpeaeIeHHOCTH 1
B KOHIIE PaCIIMPEHHOW HEONPEAENICHHOCTH. ODTH PACUeThl TPEOYIOT OT CIEIHAINCTOB TeXHHYECKUX CHEUATbHOCTEH, BIIaJeHUSI
BBICOKMM YPOBHEM MAaTeMaTHYeCKOH MOATOTOBKH, a TAkke MHOTO YCHIMI M BPEMEHH IS PEIICHUS MPAaKTUYECKHUX 3aJaHui 110
OLICHNAaHWIO HEONPEJEIeHHOCTH TPH pEUIeHMH KOHKPETHOW WHKeHepHoH 3ajgaun. IlosToMy IenecooOpa3sHBIM BBIBISETCS
WCITIOJIb30BaHUE CUCTEM KoMIbIoTepHOI MateMaTiky (CMK) st cocraBneHns 0r0mkeTa HEONpeAeIeHHOCTH U3MEPEHHUH.

Brnagenve naBbikamu B padore ¢ CMK Maple mo3BossieT anropuTMH3MpPOBATh MPOIECC OLEHMBAHUS HEONPEAETEeHHOCTH
n3MepeHus. ABTopaMu Co3HaHa mporpamma noj HasBanueM (Uncertainty), KoTopasi 1aeT BO3MOKHOCTh IOJIy4YaTh Pe3yJIbTaThl IS
COCTaBJIeHHUs OIOJDKETa HEONPEIeICHHOCTH MIPY HAJTMYHSI MOJISNIBHOTO YPaBHEHHS ITPoLiecca U pe3yJIbTaTOB H3MEPEHUH.

Taxum o0pa3zoM, 00OCHOBaHa Iienecoo0pa3HOCT, M BO3MOXHOCTH Hcnonb3oBaHuss CMK Maple s pemienus 3amadb
MIPUKJIATHOM METPOJIOTHH TI0 OIIEHHBAHUIO HEOTIPEAEIEHHOCTH PE3yIbTaTOB H3MEPEHHUH.

KiroueBble ciioBa: Teopusl HEOTPENENCHHOCTH, OMOKET HEONMPEIENeHHOCTH, MOJENbHOe ypaBHEHHe, OlLCHUBAaHUE
HeoIpeIeJIeHHOCTH u3MepeHus, apromatusanus, CKM Maple, nporpamma UC (Uncertainty).
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