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1. UVOD

Cilem tohoto sborniku je poskytnout Siroké odborné verejnosti preklad Pokynu pro vyjad-
fovani nejistoty méreni (Guide to the Expression of Uncertainty in Measurement, dale jen
GUM), ktery byl vydan spolecné BIPM, IEC, IFCC, ISO, IUPAC, IUPAP a OIML, a ktery je zaklad-
nim dokumentem zabyvajicim se problematikou nejistot méreni.

Historie vyvoje tohoto dokumentu zacina v roce 1977, kdy na zakladé poznéni, Ze neexis-
tuje jednotny mezinarodné uznavany pfistup k provadéni odhadd, stanovovani a uvadéni
nejistot méreni, pridélil Mezinarodni vybor pro vahy a miry (Comité International des Poids
et Mesures, dale jen CIPM) Mezinarodnimu Uradu pro vahy a miry (Bureau International des
Poids et Mesures, dale jen BIPM) zakadzku na vyreSeni tohoto problému. BIPM, spole¢né s na-
rodnimi metrologickymi instituty a ostatnimi zainteresovanymi organizacemi, vypracoval
doporuceni INC-1 (1980), ,,Vyjadrovani experimentdlnich nejistot”, které bylo CIPM schva-
leno v roce 1986. Ukolem vypracovani podrobného dokumentu obsahujiciho navrh na pro-
vadéni odhadd, stanovovani a vyjadfovani nejistot méreni byla pak povéfena Mezinarodni
organizace pro normalizaci (International Standardization Organization, dale jen ISO), pro-
toze ISO zastupuje zdjmy viech dulezitych zainteresovanych stran. Vyvoj dokumentu byl
svéfen Technické poradenské skupiné ISO pro metrologii (TAG 4) a tato pracovni skupina
a jeji stanovené pracovni podskupiny pfi vyvoji dokumentu uzce spolupracovaly s dal$imi vy-
znamnymi mezinarodnimi organizacemi (BIPM, IEC, IFCC, ISO, IUPAC, IUPAP a OIML). V roce
1993 pak vyslo prvni vydani GUM. Druhé vydani GUM je z roku 1995.

V roce 1997 byl ze sedmi mezinarodnich organizaci vytvoren Spolecny vybor pro pokyny
v metrologii (JCGM), fizeny feditelem BIPM, ktery pfipravil puvodni verze , Pokynu pro vy-
jadfovani nejistoty méreni” (GUM) a ,Mezindrodniho slovniku zdkladnich a vSeobecnych
termind v metrologii” (VIM). V roce 2008 pak vyslo revidované znéni GUM, coz je vlastné
pUvodni GUM z roku 1995 s drobnymi opravami.

Tento sbornik technické harmonizace je ¢eskou verzi dokumentu JCGM 100:2008, ktery byl
vytvoren Pracovni skupinou 1 Spolecného vyboru pro navody v metrologii (JCGM/WGH1).
Origindl elektronické verze dokumentu v anglickém a francouzském jazyce je zdarma ke
stazeni na strance BIPM (www.bipm.org). Autorska prava k dokumentu JCGM 100:2008 jsou
sdilena spolec¢né clenskymi organizacemi JCGM (BIPM, IEC, IFCC, ILAC, ISO, IUPAC, IUPAP
a OIML). Rozmnozovani a rozsifovani, stejné jako preklad JCGM 100:2008 a jeho ¢asti pod-
Iéha pisemnému souhlasu predsedy JCGM.

2. POKYN PRO VYJADROVANI NEJISTOTY MERENI

Zde uvedeny preklad GUM byl navrzen na zakladé povoleni obdrzeného od BIPM, které si
ponechdava plna mezindrodné chrdnéna autorské prava. BIPM neprebird Zddnou odpovéd-
nost za platnost, pfesnost, uplnost nebo kvalitu informaci a materialt nabizenych v jakém-
koli prekladu. Jediné oficialni verze jsou origindlni verze dokumentl publikovanych BIPM
(tzn. francouzska a anglicka verze JCGM).
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PREDMLUVA

V dusledku uznani nedostate¢né mezina-
rodni shody ve vyjadfeni nejistoty méreni
pridélil Mezinarodni vybor pro vahy a miry
(Comité International des Poids et Mesures;
CIPM), jako nejvyssi instance pro metrolo-
gii, Mezindrodnimu uradu pro vahy a miry
(Bureau International des Poids et Mesures;
BIPM) 1977 zakdazku aby spole¢né s narod-
nimi metrologickymi instituty vyresil tento
problém a vypracoval doporuceni.

BIPM sestavil podrobny dotaznik se souvi-
sicimi otazkami a rozeslal ho 32 narodnim
metrologickym institucim, o kterych bylo
znamo, ze se zajimaji o tento predmét
(a dal na védomi péti mezinarodnim organi-
zacim). Do zacatku roku 1979 odpovédélo
21 instituci [1]." Témér vsichni pokladali za
dulezité mit mezindrodné uznavany po-
stup pro vyjadreni nejistoty méreni a pro
sestaveni slozek jednotlivych nejistot do jed-
né uplné nejistoty. Nebyla vsak zfejma sho-
da v pfipadé metody, ktera se musi pouzit.
BIPM uskutecnil zaseddni za ucasti odbor-
nikd 11 narodnich metrologickych institu-
ci, aby se vytvoril jednotny a obecné pfija-
telny postup pro specifikaci nejistoty. Tato
pracovni skupina pro vyjadfeni nejistot vy-
tvofrila doporuceni INC-1 (1980), , Vyjadreni
vybérovych nejistot” [2]. CIPM pfijal toto
doporuceni v roce 1981 [3] a schvalil v roce
1986 [4].

Ukolem vypracovani podrobného pokynu
(ktery predstavuje spiSe stru¢ny prehled,
nez podrobny navod), na zakladé do-
poruceni pracovni skupiny, CIPM povéfil
Mezinarodni organizaci pro normalizaci
(1SO), jelikoz ISO mUze lépe zastupovat po-
tfeby vyplyvajici z Sirokych zajmd prdmyslu
a obchodu.

! Viz bibliografie str. 227.
See the bibliography on page 227 et seq.
Siehe die Literaturhinweise ab Seite 227.
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FOREWORD

In 1977, recognizing the lack of interna-
tional consensus on the expression of un-
certainty in measurements, the world’s
highest authority in metrology, the Comité
International des Poids et Mesures (CIPM),
requested the Bureau International des
Poids et Mesures (BIPM) to address the
problem in conjuction with the national
standards laboratories and to make a reco-
mmendation.

The BIPM prepared a detailed questi-
onnaire covering the issues involved and
distributed in to 32 national metrology
laboratories known to have an interest in
the subject (and, for information, to five
international organizations). By early 1979
responses were received from 21 labora-
tories [1]." Almost all believed that it was
important to arrive at an internationally
accepted procedure for expressing mea-
surements uncertainty and for combining
individual uncertainty components into
a single total uncertainty. However, a con-
sensus was not apparent on the method to
be used. The BIPM then convened a mee-
ting for the purpose of arriving at a uni-
form and generally acceptable procedure for
the specification of the uncertainty; it was
attended by experts from 11 national stan-
dards laboratories. This Working Group on
the Statement of Uncertainties developed
Recommendation INC-1 (1980), Expression
of Experimental Uncertainties [2]. The CIPM
approved the Recommendation in 1981 [3]
and reafirmed it in 1986 [4].

The task of developing a detailed
quide based on the Working Group Re-
commendation (which is a brief outline
rather than a detailed prescription) was
referred by the CIPM to the International
Organization for Standardization (ISO),
since ISO could better reflect the needs ari-
sing from the broad interests of industry
and commerce.




Odpovédnost byla svéfena technické po-
radenské skupiné metrologie ISO/TAG 4
(Technical Advisory Group 4), protoze jed-
nim z jejich ukoll je koordinace vyvoje na-
vodU spojend s naméty v oblasti méreni,
které jsou predmétem spole¢ného zajmu
ISO a Sesti organizaci, které spolupracuji
s ISO na praci v TAG 4. Tyto organizace jsou:
Mezinarodni elektrotechnickd komise (IEC),
partner I1SO v celosvétové normalizaci; dvé
celosvétové metrologické organizace CIPM
a Mezinarodni organizace pro legalni me-
trologie (OIML); dvé organizace, které za-
stupuji odborné oblasti chemie a fyziky
a to Mezinarodni unie pro cistou a apliko-
vanou chemii (IUPAC) a Mezinarodni unie
pro Cistou a aplikovanou fyziku (IUPAP);
a Mezinarodni federace pro klinickou che-
mii (IFCC).

TAG 4 vytvorila pracovni skupinu 3 (ISO/TAG
4/\WG 3), jmenovanou predsedou TAG 4,
kterd je slozena z odbornikd jmenovanych
BIPM, IEC, ISO a OIML. Zadanym ukolem
této pracovni skupiny bylo:

Vyvoj ndvodu na zakladé doporuceni BIPM -
pracovni skupiny pro vyjadreni nejistot,
kterd stanovila pravidla pro vyjadreni nejis-
toty méreni v oblastech mezinarodni norma-
lizace, kalibrace, akreditace laboratofi a me-
trologickych sluzeb;

Ucelem tohoto navodu je

- komplexné informovat, jak se udaje o ne-
jistoté zjisti;

- poskytnout zdklad pro mezinarodni porov-
nani vysledk méreni.

NARODNIi POZNAMKA

V celém JCGM 100:2008 je pouzivana terminologie
Mezinarodniho slovniku zékladnich a obecnych termi-
nl v metrologii (VIM2), 1993[6].
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Responsibility was assigned to the ISO
Technical Advisory Group on Metrology
(TAG 4) because one of its tasks is to coor-
dinate the development of quidelines on
measurement topics that are of common
interest to I1ISO and the six organizations
that participate with I1SO in the work of
TAG 4: the International Electrotechnical
Commission (IEC), the partner of the ISO
in worldwide standardization; the CIPM
and the International Organization of le-
gal Metrology (OIML), the two worldwide
metrology organizations; the International
Union of Pure and Applied Chemistry
(IUPAC) and the International Union of
Pure and Applied Physics (IUPAP), the two
international unions that represent che-
mistry and physics; and the International
Federation of Clinical Chemistry (IFCC).

TAG 4 in the turn established Working
Group 3 (ISO/TAG 4/WG 3) composed of ex-
perts nominated by the BIPM, IEC, ISO and
OIML and appointed by the Charman of
TAG 4. It was assigned the following terms
of reference:

To develop a guidance document based
upom the recommendation of the BIPM
Working Group on the Statement of
Uncertainties which provides rules on the
expression of measurement uncertainty for
use within standardization, calibration, labo-
ratory accreditation, and metrology services;

The purpose of such guidance is

- to promote full information on how un-
certainty statements are arrived at;

- to provide a basis for the international
comparison of measurement results.




0 UvoD

0.1 Prfizaznamu vysledku méreni fyzikalni
veli¢iny je nutné uvést také urcity kvantita-
tivni udaj o jeho kvalité, aby uzivatel mohl
posoudit jeho spolehlivost. Bez takového
udaje nelze porovnavat vysledky méreni
at jiz navzdjem nebo s referenénimi hod-
notami uvedenymi ve specifikaci etalonu.
Proto musi nutné existovat snadno realizo-
vatelny, srozumitelny a obecné uznavany
postup pro charakterizaci kvality vysledku
méreni, tedy pro hodnoceni a vyjadreni
jeho nejistoty.

0.2 V historii méfeni je pojem nejistota
jako kvantifikovatelnd vlastnost pomérné
novy. V metrologii se viak jiz dlouho pou-
Zivaji pojmy chyba a analyza chyb. Nyni se
bézné pripousti, Ze i po vyhodnoceni viech
znamych i predpokladanych slozek chy-
by a zavedeni odpovidajicich korekci stale
pretrvavaji pochyby o korektnosti vysled-
ku, tedy do jaké miry vyjadfuje vysledek
méreni hodnotu mérené veliciny.

0.3 Tak jako pfineslo témér univerzalni
pouzivani Mezindrodniho systému jed-
notek (SI) jednotnost do viech védeckych
a technickych méreni, umozni celosvétova
shoda ve vyhodnocovani a vyjadfovani ne-
jistoty méreni snadno pochopit a spravné in-
terpretovat Siroké spektrum vysledk méreni
ve védé, technice, obchodu, prdmyslu a statni
spravé. V dobé globalniho trhu je nezbytné,
aby byly metody vyhodnocovani a vyjadro-
vani nejistoty na celém svété jednotné, aby
bylo mozné snadno porovndvat meéreni
provedena v ruznych zemich.

0.4 Idedlni metoda pro hodnoceni a vyjad-
feni nejistoty vysledku méreni ma byt:
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0 INTRODUCTION

0.1 When reporting the result of a mea-
surement of a physical quantity, it is oblig-
atory that some quantitative indication of
the quality of the result be given so that
those who use it can assess its reliability.
Without such an indication, measurement
results cannot be compared, either among
themselves or with reference values given
in a specification or standard. It is there-
fore necessary that there be a readily im-
plemented, easily understood, and gener-
ally accepted procedure for characterizing
the quality of a result of a measurement,
that is, for evaluating and expressing its
uncertainly.

0.2 The concept of uncertainly as a quanti-
fiable attribute is relatively new in the his-
tory of measurement, although error and
error analysis have long been a part of the
practice of measurement science or metrol-
ogy. It is now widely recognized that, when
all of the known or suspected components
of error have been evaluated and the ap-
propriate corrections have been applied,
there still remains an uncertainty about
the correctness of the stated result, that is,
a doubt about how well the result of the
measurement represents the value of the
quantity being measured.

0.3 Just as the nearly universal use of
the International System of Units (SI) has
brought coherence to all scientific and
technological measurements, a worldwide
consensus on the evaluation and expression
of uncertainty in measurement would per-
mit the significance of a vast spectrum of
measurement results in science, engineer-
ing, commerce, industry, and regulation to
be readily understood and properly inter-
preted. In this era of the global market-
place, it is imperative that the method for
evaluating and expressing uncertainty be
uniform throughout the world so that mea-
surements performed in different countries
can be easily compared.

0.4 The ideal method for evaluating and
expressing the uncertainty of the result of
a measurement should be:




univerzalni: metoda pouzivana pri mére-
ni se ma pouzit pro vdechny druhy méreni
a pro vsechny typy vstupnich dat.

Veli¢ina, jejiz nejistotu hodnotime, ma byt:

vnitrné konzistentni: ma byt pfimo odvodi-
telna ze slozek, které ji vytvareji, nezavisla na
jejich usporadani a na zpUsobu jejich rozkla-
du na podslozky.

prenosna: nejistotu, vyhodnocenou pro je-
den vysledek, ma byt mozné pfimo pouzit
jako slozku pfi vyhodnocovani nejistoty ji-
ného méreni, v némz se tento vysledek po-
uzije.

Dale je Casto v fadé pramyslovych a ob-
chodnich aplikaci i v oblastech zdravotnic-
tvi a bezpecnosti prace nutné uvést interval
vysledku méreni, o némz je dovoleno pred-
pokladat, Ze zahrnuje velkou ¢ast rozdéle-
ni hodnot, jez lze divodné pfifadit mére-
né veli¢iné. Idealni postup vyhodnocovani
a vyjadrovani nejistoty ma proto umoznit
snadno takovy interval poskytnout, zejmé-
na s pozadavky na pokryti pravdépodob-
nosti nebo konfiden¢ni Urovné, ktera od-
povida realisticky témto pozadavk{m.

SBORNIKY TECHNICKE HARMONIZACE 2012

universal: the method should be applica-
ble to all kinds of measurements and to all
types of input data used in measurements.

The actual quantity used to express uncer-
tainty should be:

internally consistent: it should be directly
derivable from the components that con-
tribute to it, as well as independent of how
these components are grouped and of the
decomposition of the components into sub-
components.

transferable: it should be possible to use
directly the uncertainty evaluated for one re-
sult as a component in evaluating the uncer-
tainty of another measurement in which the
first result is used.

Further, in many industrial and commer-
cial applications, as well as in the areas
of health and safety, it is often necessa-
ry to provide an interval about the me-
asurement result that may be expected
to encompass a large fraction of the dis-
tribution of values that could reasonably
be attributed to the quantity subject to
measurement. Thus the ideal method for
evaluating and expressing uncertainty in
measurement should be capable of readi-
ly providing such an interval, in particular,
one with a coverage probability or level of
confidence that corresponds in a realistic
way with that required.
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0.5 Tento dokument je zaloZen na zasadach
uvedenych v Doporuceni INC-1 (1980) [2]
pracovni skupiny pro vyjadfovani nejistot,
kterd byla svolana BIPM, jako reakce na
zadost CIPM (viz predmluvu). Tento pfristup,
jehoz oprdvnénost vysvétluje pfiloha E,
vyhovuje vSem pozadavkim uvedenym
vyse, coz neplati pro vétsinu souc¢asné pou-
Zivanych postupu. Doporuceni INC-1 (1980)
bylo schvaleno a opétovné potvrzeno CIPM
v jeho vlastnich doporucenich 1 (Cl-1981) [3]
a 1 (CI-1986) [4]; anglicky preklad téchto
doporuceni CIPM je pretistén v pfiloze A
(viz A.2 a A.3). ProtoZze doporuceni INC-1
(1980) tvori zaklad tohoto dokumentu, je
jeho anglicky preklad pretistén v 0.7 a fran-
couzsky text, ktery je oficidlni, je pretistén
v A1l

0.6 Stru¢ny souhrn postupu vyhodnoco-
vani a uvadéni nejistoty, popsany v tomto
dokumentu, je v kapitole 8 a cetné prikla-
dy uvadi podrobné pfiloha H. Dalsi pfilo-
hy obsahuji obecné pojmy v metrologii
(pfiloha B); zakladni statistické pojmy a kon-
cepty (pfiloha C); ,pravou” hodnotu, chybu
a nejistotu (priloha D); prakticka doporuceni
k vyhodnocovani sloZzek nejistoty (pfiloha F);
stupné volnosti a konfiden¢ni urovné (pfri-
loha G); zakladni matematické znacky pou-
Zivané v dokumentu (pfiloha J) a odkazy na
bibliografické citace (pfiloha K). Dokument
obsahuje abecedni rejstrik.

0.7 Doporuceni INC-1 (1980)

Vyjadfovani experimentdlnich nejistot

1. Nejistota vysledku méreni se obvykle skla-
da z nékolika slozek, které je mozno roz-

tridit do dvou kategorii podle zpusobu,
jimz se odhaduje jejich ¢iselnd hodnota:

A. vyhodnocena statistickymi metodami,
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0.5 The approach upon which this guid-
ance document is based is that outlined
in Recommendation INC-1 (1980) [2] of
the Working Group on the Statement of
Uncertainties, which was convened by the
BIPM in response to a request of the CIPM
(see Foreword). This approach, the justi-
fication of which is discussed in annex E,
meets all of the requirements outlined
above. This is not the case for most other
methods in current use. Recommendation
INC-1 (1980) was approved and reaffirmed
by the CIPM in its own Recommendations
1 (CI1-1981) [3] and 1 (CI-1986) [4]; the English
translations of these CIPM Recommendations
are reproduced in annex A (see A.2 and A.3,
respectively). Because = Recommendation
INC-1 (1980) is the foundation upon which
this document rests, the English translation
is reproduced in 0.7 and the French text,
which is authoritative, is reproduced in A. 1.

0.6 A succinct summary of the procedure
specified in this guidance document for eval-
uating and expressing uncertainty in mea-
surement is given in clause 8 and a num-
ber of examples are presented in detail in
annex H. Other annexes deal with general
terms in metrology (annex B); basic statisti-
cal terms and concepts (annex C); “true”
value, error, and uncertainty (annex D);
practical suggestions for evaluating un-
certainty components (annex F); de-
grees of freedom and levels of confidence
(annex @G); the principal mathematical
symbols used throughout the document
(annex J); and bibliographical references
(annex K). An alphabetical index concludes
the document.

0.7 Recommendation INC-1 (1980)
Expression of experimental uncertainties

1. The uncertainty in the result of a mea-
surement generally consists of several
components which may be grouped into
two categories according to the way in
which their numerical value is estimated:

A. those which are evaluated by statisti-
cal methods,

11



B. vyhodnocena jinymi postupy.

Mezi ¢lenénim do kategorii A nebo B a dfi-
ve pouzivaném tfidéni na ,nahodnou”
a ,systematickou” nejistotu neni vzdy pfi-
ma souvislost. Termin ,systematickd ne-
jistota” mlze byt zavadéjici a nema se
proto pouzivat.

Jakykoliv podrobny zdznam nejistoty ma
obsahovat uplny seznam slozek, u kazdé
s uvedenim metody, kterd byla pouzita
k ziskani jeji ¢iselné hodnoty.

. Slozky skupiny A jsou charakterizovany

odhady rozptylt s? (nebo odhadnutymi
smérodatnymi odchylkami s) a pocltem
stupnl volnosti v. Pokud je to vhodné,
ma se uvadét kovariance.

. Slozky skupiny B maji byt charakteri-

zovany velicinami %, které je mozno
povazovat za aproximace odpovidajicich
existujicich predpokladanych rozptylQ.

Veli¢iny «? je dovoleno upravovat jako
odpovidajici rozptyly a veliciny u; jako
smérodatné odchylky. V pfipadé potre-
by, maji byt kovariance upraveny stejnou
cestou.

. Kombinovana nejistota se ma vyjad-
fovat ciselnou hodnotou ziskanou ob-
vyklym postupem kombinace rozptyld.
Kombinovand nejistota a jeji slozky se
vyjadfuji jako ,smérodatné odchylky”.

. V pfipadé, Ze je tfeba pri nékterych po-
uzitich nasobit kombinovanou nejistotu
Cinitelem rozsifeni, abychom ziskali cel-
kovou nejistotu, musi byt tento nasobici
Cinitel vzdy uveden.

SBORNIKY TECHNICKE HARMONIZACE 2012

4,

B. those which are evaluated by other
means.

There is not always a simple correspon-
dence between the classification into
categories A or B and the previously
used classification into “random” and
“systematic” uncertainties. The term
“systematic uncertainty” can be mislead-
ing and should be avoided.

Any detailed report of the uncertainty
should consist of a complete list of the
components, specifying for each the
method used to obtain its numerical
value.

. The components in category A are char-

acterized by the estimated variances s’
(or the estimated “standard deviations”

s;) and the number of degrees of free-

dom v;,. Where appropriate, the covari-
ances should be given.

. The components in category B should

be characterized by quantities uf,
which may be considered as approxima-
tions to the corresponding variances,

the existence of which is assumed. The

quantities «7 may be treated like vari-
ances and the quantities u; like standard
deviations. Where appropriate, the co-
variances should be treated in a similar
way.

The combined uncertainty should be
characterized by the numerical value
obtained by applying the usual method
for the combination of variances. The
combined uncertainty and its compo-
nents should be expressed in the form of
“standard deviations”.

. If, for particular applications, it is nec-

essary to multiply the combined uncer-
tainty by a factor to obtain an overall
uncertainty, the multiplying factor used
must always be stated.

12



1 PREDMET POKYNU

1.1 Tento pokyn, ktery stanovuje zdkladni
pravidla pro vyhodnocovani a vyjadfovani
nejistoty pfi méreni, Ize pouzivat pro razné
Urovné presnosti a v mnoha oborech - od
obchodu a vyroby, az po zakladni vyzkum.
Postupy uvedené v tomto pokynu jsou ur-
¢eny pro Siroké spektrum méreni, zahrnuiji-
ci nasledujici pozadavky:

- podporu fizeni kvality a prokazovani
kvality ve vyrobé;

- dodrzovani a zavddéni zakonu a pred-
pisy;
- vyzkumné prace v oblastech zakladniho

vyzkumu, aplikovaného vyzkumu a roz-
voje ve védé a technice;

- kalibraci etalonl a méficich pfistrojul
a provadéni zkousek v ramci statniho
metrologického systému s cilem zajistit
navaznost na statni etalony;

- rozvoj, uchovavani a porovnani mezi-
narodnich a narodnich fyzikalnich refe-
rencnich standardd vcéetné referencnich
materiald.

1.2 Tento pokyn se primarné tyka vyja-

drfovani nejistoty pfi méreni dobre defi-

nované fyzikalni veliciny — mérené velici-
ny — kterou lze charakterizovat jedinecnou

a jednozna¢nou hodnotou. Pokud sledo-

vany jev lze vyjadrit pouze jako rozdéleni

hodnot, nebo je zavisly na jednom nebo
vice parametrech, napriklad casu, pak tvo-

i mérené veli¢iny potfebné k jeho popisu

mnozinu veli¢in popisujicich toto rozdéleni

nebo tuto zavislost.

1.3 Tento pokyn lze téz pouzit k vyhod-
nocovani a vyjadrovani nejistoty pfi kon-
cep¢nim navrhovani a teoretickych analy-
zach experimentd, méricich metod a kom-
plexnich komponent a systému. Jelikoz je
dovoleno, aby vysledek méreni a jeho nejis-
tota byly abstraktni a zalozené vyhradné na
hypotetickych udajich, ma byt pojem ,vysle-
dek méreni”, tak jak jej pouziva tento po-
kyn, chapan v Sirich souvislostech.
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1 SCOPE

1.1 This Guide establishes general rules
for evaluating and expressing uncertain-
ty in measurement that can be followed
at various levels of accuracy and in many
fields — from the shop floor to fundamen-
tal research. Therefore, the principles of
this Guide are intended to be applicable
to a broad spectrum of measurements, in-
cluding those required for:

- maintaining quality control and quality
assurance in production;

- complying with and enforcing laws and
regulations;

- conducting basic research, and applied
research and development, in science
and engineering;

— calibrating standards and instruments and
performing tests throughout a national
measurement system in order to achieve
traceability to national standards;

- developing, maintaining, and comparing
international and national physical refe-
rence standards, including reference ma-
terials.

1.2 This Guide is primarily concerned with
the expression of uncertainty in the mea-
surement of a well-defined physical quan-
tity — the measurand - that can be charac-
terized by an essentially unique value. If the
phenomenon of interest can be represented
only as a distribution of values or is depen-
dent on one or more parameters, such as
time, then the measurands required for its
description are the set of quantities describ-
ing, that distribution or that dependence.

1.3 This Guide is also applicable to eva-
luating and expressing the uncertainty asso-
ciated with the conceptual design and theo-
retical analysis of experiments, methods of
measurement, and complex components and
systems. Because a measurement result and
its uncertainty may be conceptual and ba-
sed entirely on hypothetical data, the term
“result of a measurement” as used in this
Guide should be interpreted in this broa-
der context.
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1.4 Tento pokyn poskytuje pouze zaklad-
ni pravidla vyhodnocovani a vyjadfovani
nejistoty méreni, nikoliv podrobné techno-
logické a specifikacni instrukce. Nezabyva
se ani zpusoby vyuzivani k riznym ucelim
jiz vyhodnocené nejistoty konkrétniho vy-
sledku méreni, napriklad k posouzeni miry
shody s jinymi podobnymi vysledky, k urce-
ni toleran¢nich mezi ve vyrobé, nebo k roz-
hodovani, zda urcity proces muze probéh-
nout bezpecné. Z toho dlvodu je dovoleno
jako uzite¢né vytvofit na zakladé tohoto
pokynu specidlni normy uréené pro spe-
cifické oblasti méreni nebo zamérené na
rizna vyuziti kvantitativnich vyjadreni ne-
jistoty. Je dovoleno, aby takové normy byly
zjednodusenymi verzemi tohoto pokynu
a maji obsahovat podrobnosti odpovidajici
mife presnosti a slozitosti popisovanych mé-
feni a jejich pouziti.

POZNAMKA

V ur¢itych situacich nemusi byt pojem nejistoty méreni
plné pouzitelny, napf. pfi stanovovani presnosti zku-
$ebni metody (viz napf. citace [5]).
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1.4 This Guide provides general rules
for evaluating and expressing uncertain-
ty in measurement rather than detailed,
technology-specific instructions. Further,
it does not discuss how the uncertainty of
a particular measurement result, once eval-
uated, may be used for different purposes,
for example, to draw conclusions about
the compatibility of that result with other
similar results, to establish tolerance limits
in a manufacturing process, or t decide if
a certain course of action may be safely un-
dertaken. It may therefore be necessary to
develop particular standards based on this
Guide that deal with the problems peculiar
to specific fields of measurement or with
the various uses of quantitative expres-
sions of uncertainty. These standards may
be simplified versions of this Guide but
should include the detail that is appropri-
ate to the level of accuracy and complexity
of the measurements and uses addressed.
NOTE

There may be situations in which the concept of un-
certainty of measurement is believed not to be fully

applicable, such as when the precision of a lest me-
thod is determined (see reference [5] for example).
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2 DEFINICE
2.1 Obecné metrologické terminy

Definici fady obecnych metrologickych
pojmu souvisejicich s timto pokynem, jako
jsou ,,méritelna veli¢ina”, ,,mérena veli¢ina”
a ,chyba méreni” obsahuje pfiloha B. Tyto
definice jsou prevzaty z Mezinarodniho
slovniku zdkladnich a obecnych termind
v metrologii (zkracené VIM) [6]. Priloha C
dale uvadi definice rfady zakladnich statistic-
kych pojmU prevzatych prevdzné z mezina-
rodni normy ISO 3534-1 [7]. Prvni pouziti
téchto nebo pribuznych metrologickych
nebo statistickych vyrazd je pocinajice
3. kapitolou vytisténo tuc¢né s cislem od-
stavce obsahujiciho definici v zavorkach.

Vzhledem k vyznamu tohoto pokynu je
uvedena definice obecného metrologického
pojmu ,nejistota méreni” v pfiloze B a od-
stavci 2.2.3. Definice nejdulezitéjsich pojmu
pouzitych v tomto pokynu uvadéji odstavce
2.3.1 az 2.3.6. Ve viech téchto odstavcich
a v prilohach B a C znamenaji uvozovky, ze
slova v nich je dovoleno vynechat, pokud
nemUze dojit k nedorozuméni.

2.2 Termin ,nejistota”

Pojem nejistoty je dale vysvétlenvkapitole 3
a v priloze D.

2.2.1 Vyraz ,nejistota” znamend pochy-
»nejistota méreni” pochybovani o platnosti
vysledku méreni. Jelikoz neni dostatek pou-
zitelnych vyrazu pro uvedeny obecny po-
jem nejistoty a pro specifické veli¢iny, které
uddvaji kvantitativni miru tohoto pojmu,
napfiklad smérodatnou odchylku, nezby-
va nez pouzivat vyraz ,nejistota” v obou
téchto odlisnych vyznamech.
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2 DEFINITIONS
2.1 General metrological terms

The definition of a number of general met-
rological terms relevant to this Guide, such
as “measurable quantity”, “measurand”,
and “error of measurement”, are given in
annex B. These definitions are taken from
the International vocabulary of basic and
general terms in metrology (abbreviated
VIM) [6]. In addition, annex C gives the defi-
nitions of a number of basic statistical terms
taken mainly from International Standard
ISO 3534-1 [7]. When one of these metro-
logical or statistical terms (or a closely re-
lated term) is first used in the text, starting
with clause 3, it is printed in boldface and
the number of the subclause in which it is
defined is given in parentheses.

Because of its importance to this Guide,
the definition of the general metrological
term “uncertainty of measurement” is giv-
en both in annex B and 2.2.3. The defini-
tions of the most important terms specific
to this Guide are given in 2.3.1 to 2.3.6.
In all of these subclauses and in annexes
B and C, the use of parentheses around cer-
tain words of some terms means that these
words may be omitted if this is unlikely to
cause confusion.

2.2 The term “uncertainty”

The concept of uncertainty is discussed fur-
ther in clause 3 and annex D.

2.2.1 The word "uncertainty” means
doubt, and thus in its broadest sense “un-
certainty of measurement” means doubt
about the validity of the result of a mea-
surement. Because of the lack of different
words for this general concept of uncer-
tainty and the specific quantities that pro-
vide quantitative measures of the concept,
for example, the standard deviation, it is
necessary to use the word “uncertainty” in
these two different senses.
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2.2.2 V tomto pokynu znamena vyraz
Jnejistota”, pouzity bez pfivlastka, jak
obecny pojem nejistoty, tak vSechny kvan-
titativni miry tohoto pojmu nebo jakoukoliv
z nich. Pokud se uvaZzuje urcitd mira, pouzi-
je se odpovidajici privlastek.

2.2.3 Formdlni definice pojmu ,nejisto-
ta méreni”, vytvofend pro pouziti v tom-
to pokynu a ve VIM [6] (VIM: 1993, 3.9) je
tato:

nejistota (méreni)

parametr spojeny s vysledkem méreni, kte-
ry charakterizuje rozptyleni hodnot, které
mohou byt dlvodné pfifazeny mérené ve-
liciné

POZNAMKY

1 Parametr smi byt napfiklad smérodatna odchylka
(nebo jeji ndsobek) nebo polovicni Sirka intervalu,
se stanovenou konfiden¢ni urovni.

2 Nejistota méreni je obecné souhrn mnoha slozek.
Nékteré z téchto sloZzek je dovoleno vyhodnoco-
vat ze statistického rozdéleni vysledkd série mé-
feni, které je charakterizovano vybérovymi sméro-
datnymi odchylkami. Ostatni slozky, které mohou
byt také charakterizovany smérodatnymi odchyl-
kami, jsou vyhodnoceny z predpokladanych roz-
déleni pravdépodobnosti zaloZzenych na zkuse-
nostech nebo na jinych informacich.

3 Predpoklada se, ze vysledek méreni je nejlepsi
odhad hodnoty mérené veliciny, a Ze vSechny
slozky nejistoty, véetné téch, které vznikaji sys-
tematickymi jevy, jako jsou slozky spojené s ko-
rekcemi referencnich etalond, prispivajici k roz-
ptyleni.

2.2.4 Definice nejistoty méreni uvedena
v 2.2.3 je provozni definice, kterd se sou-
stfreduje na vysledek méreni a hodnoceni
jeho nejistoty, coz neni v rozporu s dalSimi
koncepty nejistoty méreni jako je:

- méfeni mozné chyby odhadnuté hodno-
ty mérené veliciny ziskané jako vysledek
méreni;

- odhad charakterizujici rozsah hodnot,
ve kterych lezi prava hodnota mérené
veli¢iny (VIM:1984, definice 3.09).
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2.2.2 In this Guide, the word “uncertain-
ty” without adjectives refers both to the
general concept of uncertainty and to any
or all quantitative measures of that con-
cept. When a specific measure is intended,
appropriate adjectives are used.

2.2.3 The formal definition of the term
“uncertainty of measurement” developed
for use in this Guide and in the current VIM
[6] (VIM entry 3.9) is as follows:

uncertainty (of measurement)

parameter, associated with the result of
a measurement, that characterizes the
dispersion of the values that could reaso-
nably be attributed to the measurand.

NOTES

1 The parameter may be, for example, a standard
deviation (or a given multiple of it), or the half-
width of an interval having a stated level of con-
fidence.

2 Uncertainty of measurement comprises, in gen-
eral, many components. Some of these components
may be evaluated from the statistical distribution
of the results of series of measurements and can
be characterized by experimental standard devia-
tions. The other components, which also can be
characterized by standard deviations, are evaluated
from assumed probability distributions based on ex-
perience or other information.

3 It is understood that the result of the measure-
ment is the best estimate of the value of the
measurand, and that all components of uncer-
tainty, including those arising from systematic ef-
fects, such as components associated with correc-
tions and reference standards, contribute to the
dispersion.

2.2.4 Thedefinition of uncertainty of mea-
surement given in 2.2.3 is an operational
one that focuses on the measurement re-
sultand its evaluated uncertainty. However,
it is not inconsistent with other concepts of
uncertainty of measurement, such as

- ameasure of the possible error in the es-
timated value of the measurand as pro-
vided by the result of a measurement;

- an estimate characterizing the range of
values within which the true value of
a measurand lies (VIM:1984, definition
3.09).
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Pfestoze tyto dvé tradicni koncepce jsou
platné jako idealni, soustfeduji se na ne-
znamé velic¢iny: ,chybu” vysledku méreni
a prislusnou , pravou hodnotu” mérené veli-
¢iny (v porovnani s jeho odhadnutou hod-
notou). Bez ohledu na to, ktery pojem ne-
jistoty je pfijat, urcita slozka nejistoty bude
vzdy vyhodnocena pouzitim stejnych dat
a prislusnych informaci. (Viz také E.5.)

2.3 Terminy specifické pro tento pokyn

Obecné vzato, terminy, které jsou specific-
ké pro tento pokyn, jsou definovany v tex-
tu pfi prvnim pouziti. Pro jednodussi nale-
zeni jsou definice nejdllezitéjsich z téchto
termind uvedeny zde.

POZNAMKA

Dalsi vysvétleni k témto termindm jsou: pro 2.3.2
viz 3.3.3 2 4.2; pro 2.3.3viz 3.3.3 a 4.3; pro 2.3.4 viz

kapitola 5 a rovnice (10) a (13); a pro 2.3.5 a 2.3.6 viz
kapitola 6.

2.3.1

standardni nejistota

nejistota vysledku méreni vyjadrena jako
smérodatna odchylka

2.3.2

hodnoceni (nejistoty) zplisobem A
metoda hodnoceni nejistoty pomoci statis-
tické analyzy série pozorovani

2.3.3

hodnoceni (nejistoty) zplisobem B

metoda hodnoceni nejistoty pomoci jinych
zpUsobu nez je statisticka analyza fady po-
zorovani

234

kombinovana standardni nejistota
standardni nejistota vysledku méreni, po-
kud je vysledek ziskany z hodnot nékolika
dalsich veli¢in, rovnajici se kladné hodnoté
druhé odmocniny souctu vyrazu; kde vy-
razy jsou rozptyly nebo kovariance téchto
dalsich veli¢in vazenych podle toho, jak se
vysledek méreni méni se zménami téchto
velicin
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Although these two traditional concepts
are valid as ideals, they focus on unknowa-
ble quantities: the “error” of the result of
a measurement and the “true value” of
the measurand (in contrast to its estimated
value), respectively. Nevertheless, whiche-
ver concept of uncertainty is adopted, an
uncertainty component is always evalua-
ted using the same data and related infor-
mation. (See also E.5.)

2.3 Terms specific to this Guide

In general, terms that are specific to this
Guide are defined in the text when first in-
troduced. However, the definitions of the
most important of these terms are given
here for easy reference.

NOTE

Further discussion related to these terms may be
found as follows: for 2.3.2, see 3.3.3 and 4.2; for
2.3.3, see 3.3.3 and 4.3; for 2.3.4, see clause 5 and
equations (10) and (13); and for 2.3.5 and 2.3.6, see
clause 6.

2.3.1

standard uncertainty

uncertainty of the result of a measurement
expressed as a standard deviation

2.3.2

Type A evaluation (of uncertainty)
method of evaluation of uncertainty by the
statistical analysis of series of observations

2.3.3

Type B evaluation (of uncertainty)

method of evaluation of uncertainty by
means other than the statistical analysis of
series of observations

234

combined standard uncertainty

standard uncertainty of the result of a me-
asurement when that result is obtained
from the values of a number of other
quantities, equal to the positive square
root of a sum of terms, the terms being
the variances or covariances of these other
quantities weighted according to how the
measurement result varies with changes in
these quantities
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2.3.5

rozsirena nejistota

veli¢ina stanovujici interval okolo vysled-

ku méreni, ktery dovoluje ocekavat pokry-

ti velkého podilu rozdéleni hodnot, které

mohou byt divodné pfifazeny k mérené

veli¢iné

POZNAMKY

1 Podil je dovoleno povazovat za pokryti pravdé-
podobnosti nebo konfiden¢ni Uroven intervalu.

2 Spojeni urcité konfidencni Urovné s intervalem ur-
cenym rozsifrenou nejistotou vyzaduje explicitni
nebo implicitni predpoklady tykajici se rozdéleni
pravdépodobnosti charakterizované vysledkem
méreni a jeho kombinovanou standardni nejisto-
tou. Konfiden¢ni droven, kterd smi byt prifazena
k tomuto intervalu, mdze byt znama pouze do
rozsahu, ke kterému je dovoleno pfiradit tyto
predpoklady.

3 Roziifend nejistota je nazyvana celkovou nejisto-
tou v doporuceni INC-1 (1980), paragraf 5.

2.3.6

Cinitel rozsireni

¢iselnd hodnota Cinitele, uzivana jako na-
sobek kombinované standardni nejistoty
k ziskani rozsirené nejistoty

POZNAMKA

Cinitel rozsiFeni k je obvykle ¢&islo z rozsahu od 2 do 3.
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expanded uncertainty

quantity defining an interval about the re-
sult of a measurement that may be expec-
ted to encompass a large fraction of the
distribution of values that could reasona-
bly be attributed to the measurand

NOTES

1 The fraction may be viewed as the coverage
probability or level of confidence of the interval.

2 To associate a specific level of confidence with the
interval defined by the expanded uncertainty re-
quires explicit or implicit assumptions regarding
the probability distribution characterized by the
measurement result and its combined standard
uncertainty. The level of confidence that may be
attributed to this interval can be known only to
the extent to which such assumptions may be jus-
tified.

3 Expanded uncertainty is termed overall uncer-
tainty in paragraph 5 of Recommendation INC-1
(1980).

2.3.6

coverage factor

numerical factor used as a multiplier of the
combined standard uncertainty in order to
obtain an expanded uncertainty

NOTE
A coverage factor, k, is typically in the range 2 to 3.
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3 ZAKLADNI POJMY

Doplnujici vysvétleni zakladnich pojmu lze
nalézt v priloze D, ktera se soustfeduje na
pojmy ,prava” hodnota, chyba a nejisto-
ta vcetné grafického znazornéni téchto
pojmu, a v priloze E, ktera zkouma moti-
vaci a statistické zaklady pro doporuceni
INC-1 (1980), na kterém spociva tento po-
kyn. Priloha J je rejstfik zakladnich ma-
tematickych znacek, které jsou pouzité
v tomto pokynu.

3.1 Méreni

3.1.1 Predmétem méreni (B.2.5) je urcit
hodnotu (B.2.2) mérené veli¢iny (B.2.9),
tj. hodnotu blize urcené veli¢iny (B.2.1,
pozndmka 1), kterd se bude mérit. Méreni
proto zacind vhodnou specifikaci mérené
veliciny, metodou méreni (B.2.7) a postu-
pem méreni (B.2.8).

POZNAMKA

Pojem ,pravad hodnota” (viz pfiloha D) neni v tom-
to pokynu pouzit a to z davodu uvedenych v D.3.5;
pojem ,hodnota mérené veliciny” (nebo veli¢iny)
a ,pravd hodnota mérené veliciny” (nebo veliciny)
jsou chapany jako ekvivalenty.

3.1.2 Obecné, vysledek méfeni (B.2.11)
je jenom aproximace nebo odhad (C.2.26)
hodnoty mérené veliciny a je kompletni
pouze tehdy, pokud je doprovazen prohla-
senim o nejistoté (B.2.18) tohoto odhadu.

3.1.3 V praxi pozadovana specifikace
nebo definice mérené veliciny jsou diktova-
ny pozadovanou presnosti méreni (B.2.14).
Mérend veli¢cina ma byt definovana s do-
stateCnou uplnosti ve vztahu k pozadova-
né presnosti a to tak, aby jeji hodnota byla
jednoznacnd pro viechny praktické ucely
spojené s jejim méfenim. V tomto pokynu
je v tomto smylu pouzivan vyraz ,hodnota
mérené veliciny”.
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3 BASIC CONCEPTS

Additional discussion of basic concepts may
be found in annex D, which focuses on the
ideas of “true” value, error, and uncertain-
ty and includes graphical illustrations of
these concepts; and in annex E, which ex-
plores the motivation and statistical basis
for Recommendation INC-1 (1980) upon
which this Guide rests. Annex J is a glossa-
ry of the principal mathematical symbols
used throughout the Guide.

3.1 Measurement

3.1.1 The objective of a measurement
(B.2.5) is to determine the value (B.2.2) of
the measurand (B.2.9), that is, the value of
the particular quantity (B.2.1, note 1) to
be measured. A measurement therefore
begins with an appropriate specification
of the measurand, the method of measure-
ment (B.2.7), and the measurement proce-
dure (B.2.8).

NOTE

The term “true value” (see annex D) is not used in
this Guide for the reasons given in D.3.5; the terms
“value of a measurand” (or of a quantity) and “true
value of a measurand” (or of a quantity) are viewed
as equivalent.

3.1.2 In general, the result of a measure-
ment (B.2.11) is only an approximation or
estimate (C.2.26) of the value of the me-
asurand and thus is complete only when
accompanied by a statement of the uncer-
tainty (B.2.18) of that estimate.

3.1.3 In practice, the required specification
or definition of the measurand is dictated
by the required accuracy of measurement
(B.2.14). The measurand should be defi-
ned with sufficient completeness with re-
spect to the required accuracy so that for
all practical purposes associated with the
measurement its value is unique, is in this
sense that the expression “value of the me-
asurand” is used in this Guide
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PRIKLAD

Jestlize jmenovitéd délka ocelové tyce jeden metr
dlouhé musi byt uréena s mikrometrovou presnosti,
tak jeji specifikace ma také obsahovat teplotu a tlak,
pfi kterych je délka ur¢ena. Takze mérend veli¢ina ma
byt stanovena jako, napfiklad, délka tyce pfi teploté
25,00 °C a 101 325 Pa (a k tomu jakykoliv dalsi pa-
rametr povazovany za nutny, jako je napf. zpUsob
podepfeni tyce). Avsak, jestlize délka tyce je urcena
s milimetrovou presnosti, jeji specifikace nebude po-
tfebovat stanoveni teploty nebo tlaku nebo hodno-
tu pro jakéhokoliv dalsi uréeni parametru.

POZNAMKA

Neuplna definice mérené veliciny maze zpusobit do-
statecné velky narUst slozky nejistoty a musi byt tak
zahrnut do hodnoceni nejistoty vysledku méreni
(vizD.1.1,D.3.4aD.6.2).

3.1.4 V mnoha pfipadech je vysledek mé-
feni uréeny na zdkladé serie pozorovani
za podminek opakovatelnosti (B.2.15, po-
znamka 1).

3.1.5 Predpoklada se, Ze kolisani pfri
opakovanych pozorovanich vznikaji tak,
Ze ovlivnujici velic¢iny (B.2.10), které maji
vliv na vysledek méreni nejsou udrzitelné
v plné konstantnim stavu.

3.1.6 Matematicky model méreni, ktery
preménuje mnozinu hodnot z opakovanych
pozorovani ve vysledek méreni, ma rozho-
dujici vyznam, protoze k hodnotdm pozo-
rovani jesté obecné zahrnuje rizné ovliv-
nujici veli¢iny, které nejsou presné znamy.
Tento nedostatek znalosti pfispiva k nejis-
toté vysledku méreni, zrovna tak jako ko-
lisdni pfi opakovanych pozorovanich spojené
s vlastnim matematickym modelem.

3.1.7 Tento pokyn zachazis mérenou veli-
¢inou jako se skaldarem (jedinou velic¢inou).
Rozsifeni na skupinu souvisejicich mére-
nych veli¢in, uréenych soucasné pri stejném
méreni, vyZzaduje nahrazeni skalaru mére-
né veli¢iny a jejiho rozptylu (C.2.11, C.2.20,
C.3.2) vektorem mérené veliciny a kovarianc-
ni matici (C.3.5). Takové nahrazeni je v tom-
to pokynu uvazovano pouze v prikladech
(viz H.2, H.3 a H.4).
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EXAMPLE

If the length of a nominally one-metre long steel bar
is to be determined to micrometre accuracy, its spe-
cification should include the temperature and pre-
ssure at which the length is defined. Thus the meas-
urand should be specified as, for example, the length
of the bar at 25,00 °C and 101 325 Pa (plus any other
defining parameters deemed necessary, such as the
way the bar is to be supported). However, if the len-
gth is to be determined to only millimetre accuracy,
its specification would not require a defining tempe-
rature or pressure or a value for any other defining
parameter.

NOTE

Incomplete definition of the measurand can give rise
to a component of uncertainty sufficiently large that
it must be included in the evaluation of the uncer-
tainty of the measurement result (see D.1.1, D.3.4,
and D.6.2).

3.1.4 In many cases, the result of a mea-
surement is determined on the basis of se-
ries of observations obtained under repea-
tability conditions (B.2.15, note 1).

3.1.5 Variations in repealed observations
are assumed to arise because influence
quantities (B.2.10) that can affect the me-
asurement result are not held completely
constant.

3.1.6 The mathematical model of the me-
asurement that transforms the set of repe-
ated observations into the measurement re-
sult is of critical importance because, in addi-
tion to the observations, it generally inclu-
des various influence quantities that are
inexactly known. This lack, of knowledge
contributes to the uncertainty of the mea-
surement result, as do the variations of the
repeated observations and any uncertainty
associated with the mathematical model
itself.

3.1.7 This Guide treats the measurand as
a scalar (a single quantity). Extension to
a set of related measurands determined
simultaneously in the same measurement
requires replacing the scalar measurand
and its variance (C.2.11, C.2.20, C.3.2) by
a vector measurand and covariance matrix
(C.3.5). Such a replacement is considered in
this Guide only in the examples (see H.2,
H.3, and H.4).
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3.2 Chyby, vlivy a korekce

3.2.1 Obecné méreni obsahuje zdroje ne-
pfesnosti, které zpUsobuji vznik chyby
(B.2.19) vysledku méreni. Tradi¢ni pohled
na chybu je, Ze je sloZzena ze dvou slozek,
jmenovité ndhodné (B.2.21) slozky a syste-
matické (B.2.22) slozky.

POZNAMKA

Chyba je idealizovany pojem a chyby nemohou byt
presné znamy.

3.2.2 Nahodna chyba pravdépodobné vzni-
ka z nepfedvidatelnych nebo nahodné do-
Casnych a prostorovych kolisani ovliviu-
jicich veli¢in. Vliv takovych kolisani, dale
oznaclenych jako nahodné ucinky, zpuso-
buje vznik zmén v opakovanych pozorova-
nich mérené velic¢iny. Ackoliv neni mozné
kompenzovat nahodnou chybu vysledku
méreni, mlize byt obvykle snizena zvyse-
nim poctu pozorovani; jeji stfedni hodnota
(C.2.9, C.3.1) je nula.

POZNAMKY

1 Vybérovéd smérodatnd odchylka aritmetického
priméru nebo prlmér fady pozorovani (viz 4.2.3)
neni ndhodnd chyba stfedni hodnoty, i kdyz je tak
oznacovana v nékterych publikacich. Je to naopak
mira nejistoty praméru v dusledku ndhodnych vliva.
Presnd hodnota chyby priiméru vznikajici z téchto
vlivl nemuze byt znama.

2 Velkd péce byla v tomto pokynu, vénovana rozli-
$eni mezi terminy ,,chyba” a ,nejistota”. Nejsou to
synonyma, ale vyjadruji zcela odlisné pojmy, proto
mezi nimi nema nastat zdména, ani nemaji byt
chybné pouzity.

3.2.3 Systematicka chyba, jako nahod-

na chyba, nemize byt eliminovana, ale

mulze byt casto snizena. Jestlize systema-
ticka chyba vznika ze znamého vlivu jedné
ovlivaujici veli¢iny na vysledek méreni, dale
oznaceny jako systematicky vliv, pak tento

vliv mlze byt kvantifikovan a pokud je vy-

znamny, co do rozméru ve vztahu k poza-

dované presnosti méreni, muze byt apliko-
vana korekce (B.2.23) nebo korek¢ni ¢initel

(B.2.24) ke kompenzaci tohoto vlivu. Lze

ocekavat, ze po korekci bude predpoklada-

na hodnota chyby, vyvolana systematickym
vlivem, nula.
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3.2 Errors, effects, and corrections

3.2.1 In general, a measurement has im-
perfections that give rise to an error (B.2.19)
in the measurement result. Traditionally, an
error is viewed as having two components,
namely, a random (B.2.21) component and
a systematic (B.2.22) component.

NOTE

Error is an idealized concept and errors cannot be
known exactly.

3.2.2 Random error presumably arises
from unpredictable or stochastic temporal
and spatial variations of influence quan-
tities. The effects of such variations, he-
reafter termed random effects, give rise to
variations in repeated observations of the
measurand. Although it is not possible to
compensate for the random error of a me-
asurement result, it can usually be reduced
by increasing the number of observations;
its expectation or expected value (C.2.9,
C.3.1) is zero.

NOTES

1 The experimental standard deviation of the arith-
metic mean or average of a series of observations
(see 4.2.3) is not the random error of the mean,
although it is so designated in some publications.
It is instead a measure of the uncertainty of the
mean due to random effects. The exact value of
the error in the mean arising from these effects
cannot be known.

2 In this Guide, great care is taken to distinguish
between the terms “error” and “uncertainty”.
They are not synonyms, but represent completely
different concepts: they should not be confused
with one another or misused.

3.2.3 Systematic error, like random error,

cannot be eliminated but it too can of-

ten be reduced. If a systematic error arises
from a recognized effect of an influence
guantity on a measurement result, hereaf-
ter termed a systematic effect, the effect
can be quantified and, if it is significant
in size relative to the required accuracy of
the measurement, a correction (B.2.23) or
correction factor (B.2.24) can be applied
to compensate for the effect. It is assumed
that, after correction, the expectation or
expected value of the error arising from
a systematic effect is zero.
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POZNAMKA

Nejistota korekce, aplikovana na vysledek méreni ke
kompenzaci systematického vlivu neni systematickou
chybou, casto nazyvanou jednostrannosti vysledku
méreni zplsobenou vlivem, kterym je nékdy vyvola-
na. Je to naopak mira nejistoty vysledku zpisobena
neuplnymi znalostmi poZzadované hodnoty korekce.
Obecné, chyba vznikajici z nedokonalé kompenzace
systematického vlivu nemize byt exaktné znama.
Terminy ,chyba” a ,nejistota” maji byt vhodné pouzi-
ty a ma se dbat na rozliseni mezi nimi.

3.2.4 Predpokladem je, ze vysledek méreni
byl korigovan na vsechny pozorované vy-
znamné systematické vlivy a bylo podnik-
nuto vse pro zjisténi téchto vliva.

PRIKLAD

Korekce z diivodu konec¢né impedance voltmetru po-
uzitého k urceni elektrického napéti (mérena veli-
¢ina) vysokoimpedancniho rezistoru, je aplikovana
na snizeni systematického vlivu na vysledek méreni
zpUsobeny zatéZovacim vlivem voltmetru. Avsak, im-
pedancni hodnoty voltmetru a rezistoru, které jsou
pouzity k uréeni hodnoty korekce a které jsou ziska-
ny z jinych méreni, jsou samy o sobé nepresné. Tyto
nejistoty jsou pouzity k hodnoceni slozky nejistoty
elektrického napéti vznikajiciho z korekce a dale ze
systematického vlivu zplisobeného omezenou impe-
danci voltmetru.

POZNAMKY

1 MEéfici pfistroje a systémy jsou casto justovany
nebo kalibrovany pomoci etalonl a referencnich
materidld k odstranéni systematickych vlivQ;
avsak musi se stale brat v ivahu nejistoty spojené
s témito etalony a materialy.

2 Pripad, kde korekce znamého vyznamného syste-
matického vlivu neni pouzita, je vysvétlen v po-
znadmce k 6.3.1 av F.2.4.5.

3.3 Nejistota

3.3.1 Nejistota vysledku méreni je odrazem
nedostatku exaktnich znalosti hodnoty mé-
fené veliciny (viz 2.2). Vysledek méreni po
korekci zkoumaného systematického vlivu,
je stale pouhy odhad hodnoty mérené veli-
¢iny, protoze nejistota vznika z ndhodnych
vlivd a z nedokonalych korekci vysledku
systematickych vliva.
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NOTE

The uncertainty of a correction applied to a measu-
rement result to compensate for a systematic effect
is not the systematic error, often termed bias, in the
measurement result due to the effect as it is someti-
mes called. It is instead a measure of the uncertainty
of the result due to incomplete knowledge of the
required value of the correction, The error arising
from imperfect compensation of a systematic effect
cannot be exactly known. The terms “error” and
"uncertainty” should be used properly and care
taken to distinguish between them.

3.2.4 Itis assumed that the result of a me-
asurement has been corrected for all reco-
gnized significant systematic effects and
that every effort has been made to identify
such effects.

EXAMPLE

A correction due to the finite impedance of a volt-
meter used to determine the potential difference
(the measurand) across a high-impedance resistor is
applied to reduce the systematic effect on the result
of the measurement arising from the loading effect
of the voltmeter. However, the values of the impe-
dances of the voltmeter and resistor, which are used
to estimate the value of the correction and which are
obtained from other measurements, are themselves
uncertain. These uncertainties are used to evaluate
the component of the uncertainty of the potential
difference determination arising from the correction
and thus from the systematic effect due to the finite
impedance of the voltmeter.

NOTES

1 Often, measuring instruments and systems are
adjusted or calibrated using measurement stan-
dards and reference materials to eliminate sys-
tematic effects; however, the uncertainties asso-
ciated with these standards and materials must
still be taken into account.

2 The case where a correction for a known significant
systematic effect is not applied is discussed in the
note to 6.3.1 and in F.2.4.5.

3.3 Uncertainty

3.3.1 The uncertainty of the result of
a measurement reflects the lack of exact
knowledge of the value of the measurand
(see 2.2). The result of a measurement af-
ter correction for recognized systematic
effects is still only an estimate of the va-
lue of the measurand because of the un-
certainty arising from random effects and
from imperfect correction of the result for
systematic effects.
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POZNAMKA

Vysledek méreni (po korekci) mize nevédomé byt vel-
mi blizky hodnoté mérené velic¢iny (a tudiz ma za-
nedbatelnou chybu), prestoze je zarover dovoleno,
aby mél velkou nejistotu. Proto nejistota vysledku
méreni nema byt zamériovana se zbyvajici hodnotou
neznamé chyby.

3.3.2 V praxi, je mnoho moznych zdroju
nejistoty méreni zahrnujicich:

a) neuplné definovani mérené veliciny;
b) nedokonalé definovani mérené veliciny;

¢) nereprezentativni vzorkovani — méreny
vzorek nemusi reprezentovat definova-
nou mérenou veli¢inu;

d) nedostatetnou znalost vlivd podminek
okolniho prostfedi na méreni nebo nedoko-
nalé méreni podminek okolniho prostredi;

e) osobni jednostrannost sprdvnosti odeci-
tani na analogovych pfristrojich;

f) konecné rozliseni pristroje nebo prahova
citlivost;

g) nepfesné hodnoty etalond méreni nebo
referen¢nich materialg;

h) nepresné hodnoty konstant a dalSich
parametrd ziskané z vnéjsich zdroju a po-
uzité v algoritmu redukce dat;

i) aproximace a predpoklady zaclenéné
do metody a postupu méreni;

j) kolisani v opakovanych pozorovanich mé-
fené veli¢iny za zdanlivé identickych
podminek.

Tyto zdroje nejsou nutné vzajemné zavislé
a u nékterych zdroju a) az i) je dovoleno,
aby prispivaly ke zdroji j). Samozrejmé, Ze
nepozorovany systematicky vliv nemuze
byt bran v uvahu pfi hodnoceni nejistoty
vysledku méreni, ale pfispiva k hodnoté jeji
chyby.
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NOTE

The result of a measurement (after correction) can
unknowably be very close to the value of the me-
asurand (and hence have a negligible error) even
though it may have a large uncertainty. Thus the un-
certainty of the result of a measurement should not
be confused with the remaining unknown error.
3.3.2 In practice, there are many possible
sources of uncertainty in a measurement,

including:
a) incomplete definition of the measurand;

b) imperfect realization of the definition of
the measurand;

¢) nonrepresentative sampling — the sample
measured may not represent the de-
fined measurand;

d) inadequate knowledge of the effects of
environmental conditions on the mea-
surement or imperfect measurement of
environmental conditions;

e) personal bias in reading analogue inst-
ruments;

f) finite instrument resolution or discrimina-
tion threshold;

g) inexact values of measurement stan-
dards and reference materials;

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

i) approximations and assumptions incor-
porated in the measurement method
and procedure;

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

These sources are not necessarily indepen-
dent, and some of sources a) to i) may con-
tribute to source j). Of course, an unreco-
gnized systematic effect cannot be taken
into account in the evaluation of the un-
certainty of the result of a measurement
but contributes to its error.
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3.3.3 Doporuceni INC-1(1980), pracovni
skupiny pro pojem nejistota, rozdélilo sloz-
ky nejistoty do dvou kategorii, ,A" a ,B”,
a to s ohledem na metody jejich hodnoceni
(viz 0.7, 2.3.2 a 2.3.3). Tyto kategorie pla-
ti pro nejistotu a nenahrazuji slova ,na-
hodny” a ,systematicky”. Nejistotu korekce
zndmého systematického vlivu je dovoleno
v nékterych pfipadech ziskat hodnocenim
typu A a v jinych pfipadech hodnocenim
typu B, jak dovoluje nejistota charakterizu-
jici ndhodny vliv.

POZNAMKA

V nékterych publikacich jsou slozky nejistoty rozdé-
lené na ,ndahodné” a ,systematické” a jsou spojova-
ny s chybami vznikajicimi z ndhodnych vliv(i a znamych
systematickych vliva. Takova kategorizace slozek ne-
jistoty mUze mit pfi obecném pouziti vice vyznam.
Napfriklad ,nahodnd” slozka nejistoty pfi jednom
méfeni by mohla byt pfi dalsim méfeni ,systema-
tickou” slozkou nejistoty, jestlize vysledek prvniho
méfeni je pouzit jako vstupni Udaj. Kategorizaci
metod hodnoceni sloZzek nejistoty, spiSe nez samot-
nych sloZek, se mUZzeme vyvarovat takové dvojznacnosti.
Zaroven individualni slozky, které byly hodnoceny
dvéma odlisnymi metodami v ramci urcenych skupin,
nejsou vylouceny z pouziti pro urcité ucely (viz 3.4.3).

3.3.4 Ucelem klasifikace typu A a typu B
je indikace dvou odlisnych cest, jak vyhod-
notit slozky nejistoty, které slouzi pouze
pro ulehceni tohoto vykladu; tato klasifi-
kace neznamena, Ze existuje néjaky rozdil
v povaze slozek vznikajicich z téchto dvou
typu hodnoceni. Oba typy hodnoceni jsou
postavené na rozdéleni pravdépodobnosti
(C.2.3) a slozky nejistot vyplyvajici z obou
typU jsou klasifikovany rozptyly nebo smé-
rodatnymi odchylkami.
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3.3.3 Recommendation INC-1 (1980) of
the Working Group on the Statement of
Uncertainties groups uncertainty compo-
nents into two categories based on their
method of evaluation, “A” and “B” (see
0.7, 2.3.2, and 2.3.3). These categories
apply to uncertainty and are not substitu-
tes for the words “random” and “systematic”.
The uncertainty of a correction for a known
systematic effect may in some cases be ob-
tained by a Type A evaluation while in other
cases by a Type B evaluation, as may the un-
certainty characterizing a random effect.
NOTE

In some publications uncertainty components are
categorized as “random” and “systematic” and are
associated with errors arising from random effects
and known systematic effects, respectively. Such ca-
tegorization of components of uncertainty can be
ambiguous when generally applied. For example,
a “random” component of uncertainty in one measu-
rement may become a “systematic” component of un-
certainty in another measurement in which the result
of the first measurement is used as an input datum.
Categorizing the methods of evaluating uncertainty
components rather than the components themselves
avoids such ambiguity. At the same time, it does not
preclude collecting individual components that have
been evaluated by the two different methods into
designated groups to be used for a particular pur-
pose (see 3.4.3).

3.3.4 Thepurpose ofthe Type Aand Type B
classification is to indicate the two diffe-
rent ways of evaluating uncertainty com-
ponents and is for convenience of discu-
ssion only; the classification is not meant
to indicate that there is any difference in
the nature of the components resulting
from the two types of evaluation. Both
types of evaluation are based on probabili-
ty distributions (C.2.3), and the uncertainty
components resulting from either type are
quantified by variances or standard devia-
tions.
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3.3.5 Odhadnuty rozptyl u? charakterizu-
jici slozky nejistoty ziskané z hodnoceni zpU-
sobem A, je vypocitdn z fady opakovanych
pozorovani a to je zndmy statisticky odhad
rozptylu s? (viz 4.2). Odhadnuta sméro-
datna odchylka (C.2.12, C.2.21, C.3.3) u,
kladna hodnota druhé odmocniny u? je
tak u = s a pro uplnost je nékdy nazyvana
standardni nejistotou typu A. Pro slozky ne-
jistoty ziskané z hodnoceni zpusobem B, je
odhadnuty rozptyl u? vyhodnocen pomoci
dostupnych znalosti (viz 4.3) a odhadnuta
smérodatna odchylka u je nékdy nazyvana
standardni nejistotou typu B.

Tedy standardni nejistota typu A je ziskana
z hustoty pravdépodobnosti (C.2.5), ziskané
z pozorovaného rozdéleni cetnosti (C.2.18),
zatimco standardni nejistota typu B je ziska-
na z pfedpokladané hustoty pravdépodob-
nosti, ur¢ené na zakladé stupné presvédce-
ni, Zze jev se bude vyskytovat [Casto se na-
zyva subjektivni pravdépodobnost (C.2.1)].
Oba postupy se pouzivaji pfi uznavanych
interpretacich pravdépodobnosti.
POZNAMKA

Hodnoceni sloZzek nejistoty typem B je obvykle zaloze-
no na oblasti porovnatelnych spolehlivych informaci
(viz 4.3.1).

3.3.6 Standardni nejistota vysledku mére-
ni, pokud je vysledek ziskan z hodnot fady
dalSich veli¢in, je nazyvana kombinovana
standardni nejistota a oznalena u_. Je to
odhadnuta smérodatna odchylka spoje-
na s vysledkem a je rovna kladné hodnoté
druhé odmocniny kombinovaného rozpty-
lu, ziskaného ze viech sloZek rozptylu a ko-
variance (C.3.4), za predpokladu, Zze vyhod-
noceni je na zakladé pozadavkl zakona
o Sifeni nejistoty, ktery je uveden v tomto
pokynu (viz kapitola 5).
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3.3.5 The estimated variance u? charac-
terizing an uncertainty component obtained
from a Type A evaluation is calculated from
series of repeated observations and is the
familiar statistically estimated variance s?
(see 4.2). The estimated standard deviation
(C.2.12, C.2.21, C.3.3) u, the positive square
root of u? is thus u = s and for convenience
is sometimes called a Type A standard un-
certainly. For an uncertainty component
obtained from a Type B evaluation, the
estimated variance u? is evaluated using
available knowledge (see 4.3), and the es-
timated standard deviation u is sometimes
called a Type B standard uncertainty.

Thus a Type A standard uncertainty is ob-
tained from a probability density func-
tion (C.2.5) derived from an observed fre-
quency distribution (C.2.18), while a Type
B standard uncertainty is obtained from an
assumed probability density function ba-
sed on the degree of belief that an event
will occur [often called subjective probabi-
lity (C.2.1)]. Both approaches employ reco-
gnized interpretations of probability.

NOTE

A Type B evaluation of an uncertainty component is
usually based on a pool of comparatively reliable infor-
mation (see 4.3.1).

3.3.6 The standard uncertainty of the re-
sult of a measurement, when that result is
obtained from the values of a number of
other quantities, is termed combined stan-
dard uncertainly and denoted by u_. It is
the estimated standard deviation associa-
ted with the result and is equal to the po-
sitive square root of the combined variance
obtained from all variance and covariance
(C.3.4) components, however evaluated,
using what is termed in this Guide the law
of propagation of uncertainly (see clause 5).
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Vv

3.3.7 Rozsifena nejistota U ziskand naso-
benim kombinované standardni nejistoty u_
Cinitelem rozsireni k, je ur¢ena pro splnéni
potfeb nékterych primyslovych a obchod-
nich aplikaci, stejné jako pozadavku v oblas-
ti zdravotnictvi a bezpec¢nosti. Zamyslenym
Uucelem rozsifené nejistoty U je poskyt-
nout interval vysledku méreni, ve kterém
je ocekdvany predpoklad, Ze bude obsa-
hovat velky podil hodnot, které by mohly
byt pfimérené prifazeny k mérené veliciné.
Vybér Cinitele k, ktery je obvykle v rozsahu
2 az 3, je zaloZen na pravdépodobnosti po-
kryti nebo pozadované konfiden¢ni drovni
intervalu (viz kapitola 6).

POZNAMKA

Cinitel roziifeni k je vzdy stanoveny tak, aby stan-
dardni nejistota méfené veliciny mohla byt obnovena
pro pouziti ve vypoctu kombinované standardni ne-
jistoty jinych vysledkd méreni, které smi zaviset na
této veliciné.

3.4 Praktické pokyny

3.4.1 Jestlize se zméni viechny veliciny, na
kterych zavisi vysledek méreni, potom jeho
nejistota mUze byt hodnocena statistickymi
prostfedky. Avsak z dlvodu toho, Ze je to
v praxi zfidka mozné s ohledem na ome-
zenost Casu a zdrojl, je nejistota obvykle
hodnocena pouzitim matematického modelu
méreni a zakona o Sifeni nejistoty. Proto je
v tomto pokynu, implicitni pfedpoklad, Ze
méreni mlze byt matematicky modelo-
vano v zavislosti na pozadovaném stupni
presnosti méreni.
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3.3.7 To meet the needs of some indus-
trial and commercial applications, as well.
as requirements in the areas of health and
safety, an expanded uncertainty U is ob-
tained by multiplying the combined stan-
dard uncertainty u_by a coverage factor k.
The intended purpose of U is to provide
an interval about the result of a measure-
ment that may be expected to encompass
a large fraction of the distribution of
values that could reasonably be attributed
to the measurand. The choice of the factor
k, which is usually in the range 2 to 3, is
based on the coverage probability or level
of confidence required of the interval (see
clause 6).

NOTE

The coverage factor k is always to be stated, so that
the standard uncertainty of the measured quantity
can be recovered for use in calculating the combined

standard uncertainty of other measurement results
that may depend on that quantity.

3.4 Practical considerations

3.4.1 |If all of the quantities on which the
result of a measurement depends are va-
ried, its uncertainty can be evaluated by
statistical means. However, because this is
rarely possible in practice due to limited
time and resources, the uncertainty of a me-
asurement result is usually evaluated using
a mathematical model of the measurement
and the law of propagation of uncertainty.
Thus implicit in this Guide is the assumpti-
on that a measurement can be modeled
mathematically to the degree imposed by
the required accuracy of the measurement.
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3.4.2 Protoze matematicky model muze
byt nedplny, maji se viechny relevantni ve-
liciny ménit v nejvice mozném rozsahu tak,
Ze hodnoceni nejistoty mUze byt zaloZzeno
co nejvice na pozorovanych datech. Pouziti
empirickych modelt méreni, postavenych
na zakladé dlouhodobych kvantitativnich
dat a pouziti etalonl, uréenych k ovéro-
vani a pouziti kontrolnich diagram, které
mohou ukazat, jestli méreni je ve statistic-
ky zvlddnutelném stavu, to vie, pokud je to
mozné, ma byt soucasti usili ziskat spoleh-
livé hodnoceni nejistoty. Matematicky mo-
del ma byt podroben revizi vzdy, kdyz sle-
dovana data, véetné nezavislého stanoveni
vysledku stejné mérené velic¢iny, vykazuiji,
Zze model je nekompletni. Dobfe navrzeny
experiment mize znacné usnadnit spolehliva
hodnoceni nejistoty a je dulezitou soucasti
naro¢ného méreni.

3.4.3 K rozhodnuti, zda je systém mé-
feni funk¢né vhodny, se experimentdlné
pozorovana smérodatnd odchylka, ziskana
prostfednictvim rozptylu namérenych vy-
stupnich hodnot, ¢asto porovnava s oceka-
vanou smérodatnou odchylkou ziskanou
kombinaci rdznych slozek nejistoty, které
charakterizuji méreni. V takovych pripadech
mohou byt brany v ivahu pouze ty slozky
(bez ohledu na to, jsou-li ziskané z hodno-
ceni zplsobem A nebo zplsobem B), které
maji pfispivat k experimentalné pozorova-
nému rozptylu téchto vystupnich hodnot.
POZNAMKA

Takovou analyzu je dovoleno zjednodusit na rozdé-
leni sloZek na takové, které prispivaji k rozptylu a tako-
vé, které nejsou ve dvou oddélenych a vhodné ozna-
cenych skupinéch.

3.4.4 V nékterych pripadech nemusi byt
nejistota korekce systematického vlivu zahr-
nuta do hodnoceni nejistoty vysledku mére-
ni. Nejistota, prestoze byla vyhodnocena,
mulze byt ignorovana v pfipadé, ze neni
vyznamny jeji prispévek ke kombinované
standardni nejistoté vysledku méreni. Jestli
hodnota korekce sama o sobé je nevyznam-
na ve vztahu ke kombinované standardni
nejistoté, je ji dovoleno také ignorovat.
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3.4.2 Because the mathematical model
may be incomplete, all relevant quantities
should be varied to the fullest practicable
extent so that the evaluation of uncer-
tainty can be based as much as possible on
observed data. Whenever feasible, the use
of empirical models of the measurement
founded on long-term quantitative data,
and the use of check standards and con-
trol charts that can indicate if a measure-
ment is under statistical control, should be
part of the effort to obtain reliable evalu-
ations of uncertainty. The mathematical
model should always be revised when the
observed data, including the result of in-
dependent determinations of the same
measurand, demonstrate that the model is
incomplete. A well-designed experiment
can greatly facilitate reliable evaluations
of uncertainty and is an important part of
the art of measurement.

3.4.3 In order to decide if a measurement
system is functioning properly, the experi-
mentally observed variability of its output
values, as measured by their observed stan-
dard deviation, is often compared with the
predicted standard deviation obtained by
combining the various uncertainty ‘compo-
nents that characterize the measurement.
In such cases, only those components (whe-
ther obtained from Type A or Type B eva-
luations) that could contribute to the ex-
perimentally observed variability of these
output values should be considered.

NOTE

Such an analysis may be facilitated by gathering tho-
se components that contribute to the variability and
those that do not into two separate and appropria-
tely labeled groups.

3.44 In some cases, the uncertainty of
a correction for a systematic effect need
not be included in the evaluation of the
uncertainty of a measurement result.
Although the uncertainty has been evalua-
ted, it may be ignored if its contribution to
the combined standard uncertainty of the
measurement result is insignificant. If the
value of the correction itself is insignificant
relative to the combined standard uncer-
tainty, it too may be ignored.
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3.4.5 V praxi se ¢asto prihodi, zvlasté v obo-
rulegdlni metrologie, Ze pfistroje jsou zkou-
seny porovnanim s etalonem, a Ze nejistoty
spojené s etalonem a postupem porovnani,
jsou zanedbatelné ve vztahu k pozadova-
né presnosti zkousky. Pfikladem je pouziva-
ni sady dobre kalibrovanych etalont hmot-
nosti ke zkouseni obchodni vahy. V tako-
vych pripadech, kdy slozky nejistoty jsou
dosti malé, aby mohly byt ignorovany, je
dovoleno na méreni pohlizet, jako na sta-
noveni chyby pfistroje na zakladé zkousky.
(Viz také F.2.4.2).

3.4.6 Odhad hodnoty mérené veliciny po-
skytnuty vysledkem méreni, je nékdy vyjad-
fovdn pomoci pfijaté hodnoty etalonu spi-
$e nez jednotkami mezinarodniho systému
jednotek (SI). V takovych pripadech dule-
Zitost nejistoty pripsatelna k vysledku mé-
feni maze byt vyznamné mensi nez kdyz
tento vysledek je vyjaddren v odpovidajici SI
jednotce. (Méfena hodnota je zde vlastné
nové stanovena jako podil hodnoty mére-
né veliciny k prevzaté hodnoté etalonu).

PRIKLAD

Vysoce kvalitni ZenerQv etalon napéti je kalibro-
van porovnanim s Josephsonovym napétovym je-
vem na zakladé konven¢ni hodnoty Josephsonovy
konstanty doporuc¢ené CIPM pro mezinarodni
pouZiti. Relativni kombinovana standardni nejistota
u (VJIV (viz 5.1.6) kalibrovaného elektrického napé-
ti V, Zenerova etalonu je 2 x 108, pokud je V, uda-
no jako mnohonasobek dohodnutych hodnot, ale
u(VJIV je 4 x 107, pokud je V; udéno jako nasobek
S| jednotky pro elektrické napéti, ve Voltech (V),
protoZe pfidana nejistota je spojena s SI hodnotou
Josephsonovy konstanty.

3.4.7 Chyby v zaznamenavani nebo ana-
lyzovani dat mohou predstavovat vyznam-
nou neznamou chybu ve vysledku méfeni.
Velké chyby mohou byt obvykle identifiko-
vany vhodnym prezkoumdanim dat; malé
mohou byt maskovany nebo se dokonce
mohou objevit jako nahodna kolisani. Mira
nejistoty neni urlena k vypoctu takovychto
chyb.
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3.4.5 It often occurs in practice, espe-
cially in the domain of legal metrology, that
a device is tested through a comparison
with a measurement standard and the
uncertainties associated with the standard
and the comparison procedure are
negligible relative to the required accuracy
of the test. An example is the use of a set
of well-calibrated standards of mass to
test the accuracy of a commercial scale.
In such cases, because the components
of uncertainty are small enough to be
ignored, the measurement may be viewed
as determining the error of the device
under test. (See also F.2.4.2).

3.4.6 The estimate of the value of a meas-
urand provided by the result of a measure-
ment is sometimes expressed in terms of the
adopted value of a measurement standard
rather than in terms of the relevant unit
of the International System of Units (SI). In
such cases the magnitude of the uncertain-
ty ascribable to the measurement result
may be significantly smaller than when
that result is expressed in the relevant SI
unit. (In effect, the measurand has been re-
defined to be the ratio of the value of the
quantity to be measured to the adopted
value of the standard.)

EXAMPLE

A high-quality Zener voltage standard is calibrated by
comparison with a Josephson effect voltage ref-
erence based on the conventional value of the
Josephson constant recommended for international
use by the CIPM. The relative combined standard un-
certainty u (V,)/V, (see 5.1.6) of the calibrated poten-
tial difference V; of the Zener standard is 2 x 10 when
V is reported in terms of the conventional value, but
u (V)/V, is 4 x 107 when V, is reported in terms of the
Sl unit of potential difference, the volt (V), because
of the additional uncertainty associated with the SI
value of the Josephson constant.

3.4.7 Blunders in recording or analysing
data can introduce a significant unknown
error in the result of a measurement Large
blunders can usually be identified by a pr-
oper review of the data; small ones could
be masked by, or even appear as, random
variations. Measures of uncertainty are not
intended to account for such mistakes.
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3.4.8 Ackoliv tento pokyn poskytuje rdmec
pro stanoveni nejistoty, nemUze nahradit
kritické mysleni, intelektualni upfimnost,
poctivost a profesni dovednost. Hodnoceni
nejistoty neni ani rutinni ani ¢isté matema-
tickou otazkou; zavisi na podrobné znalos-
ti povahy mérené veliciny a méreni. Kvalita
a uzitek nejistoty pro vysledek méreni pro-
to podstatné zavisi na porozuméni, kritické
analyze a integrité téch, kdo pfispivaji
ke stanoveni jeji hodnoty.
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3.4.8 Although this Guide provides a fra-
mework for assessing uncertainty, it cannot
substitute for critical thinking, intellectual
honesty, and professional skill. The evalua-
tion of uncertainty is neither a routine task
nor a purely mathematical one; it depends
on detailed knowledge of the nature of the
measurand and of the measurement. The
quality and utility of the uncertainty quoted
for the result of a measurement therefo-
re ultimately depend on the understanding,
critical analysis and integrity of those who
contribute to the assignment of its value.
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4 HODNOCENI STANDARDNI NEJISTOTY

Dodatecné pokyny k hodnoceni slozek ne-
jistoty, predevsim z praktického hlediska,
jsou v priloze F.

4.1 Modelovani méreni

4.1.1 Vevétdiné pripadi mérendveli¢inaY
neni prfimo meéfitelna, ale zavisi na N dal-
Sich mé&fitelnych veli¢inach X, X, ..., X, ato
prostfednictvim funkéniho vztahu f:

Y =f(X,, X,,

POZNAMKY

1 Pro ucely hospodareni s pozndmkami, je v tomto
pokynu pouzita stejnd znacka pro fyzikalni veli-
¢inu (mérfend veli¢ina) a pro ndhodnou veli¢inu
(viz 4.2.1), kterd vyjadfuje mozny vystup pozorova-
ni této veliciny. Pokud je stanoveno, ze X;ma urcité
rozdéleni pravdépodobnosti, znacka bude pou-
Zita pro druhy vyznam; predpoklada se, Ze fyzi-
kalni velicina se sama mGze charakterizovat pfi
nezbytné jednoznacné hodnoté (viz 1.2 a 3.1.3).

2 Pri serii pozorovani k-td pozorovana hodnota
proménné X, je znacend X, ,; tudiz jestlize R znaci
odpor rezistoru, k-td pozorovana hodnota odpo-
ru bude znacena R,.

3 Odhad X, (pfesné feceno, jeho ocekdvana hodno-
ta) je znacen x,.

PRIKLAD

Jestlize napéti V je pripojeno k rezistoru zavislém na
teploté, ktery ma odpor R, pfi stanovené teploté t;
a linedrnim teplotnim koeficientu odporu a, vykon P
(mérena velic¢ina) rozptyleny rezistorem pfi teploté t
zavisina V, R, a a t podle nasledujiciho vztahu:

SBORNIKY TECHNICKE HARMONIZACE 2012

4 EVALUATING STANDARD
UNCERTAINTY

Additional guidance on evaluating uncertain-
ty components, mainly of a practical nature,
may be found in annex F.

4.1 Modeling the measurement

4.1.1 In most cases a measurand Y is not
measured directly, butis determined from N
other quantities X,, X,, ..., X, through
a functional relationship f:

LX)
(1)

NOTES

1 For economy of notation, in this Guide the same
symbol is used for the physical quantity (the mea-
surand) and for the random variable (see 4.2.1)
that represents the possible outcome of an ob-
servation of that quantity. When it is stated that
X, has a particular probability distribution, the
symbol is used in the latter sense; it is assumed
that the physical quantity itself can be character-
ized by an essentially unique value (see 1.2 and
3.1.3).

2 In a series of observations, the kth observed val-
ue of X; is denoted by X,, ; hence if R denotes the
resistance of a resistor, the k th observed value of
the resistance is denoted by R,

3 The estimate of X, (strictly speaking, of its expec-
tation) is denoted by x..

EXAMPLE

If a potential difference V is applied to the terminals
of a temperature-dependent resistor that has a resi-
stance R, at the defined temperature t, and a linear
temperature coefficient of resistance «, the power P
(the measurand) dissipated by the resistor at the
temperature t depends on V, R, a, and t according
to

P=f(V, R, o, t) = VZ/{R 1 + a(t - t )]}

POZNAMKA
Ostatni metody méfeni P mohou byt modelovany pomo-
ci odlisnych matematickych vyrazl.

NOTE
Other methods of measuring P would be modelled
by different mathematical expressions.
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4.1.2 Vstupni veliciny X,, X,, ... X,, na
kterych vystupni veli¢ina Y zavisi, smi samy
byt povazovany za mérené veli¢iny a mo-
hou byt zavislé na jinych veli¢inach, v¢etné
korekci a korekénich ¢initell pro systema-
tické vlivy, coz vede ke komplikovanému
funkénimu vztahu f, ktery nikdy nemuze
byt popsan explicitné. Navic f by mohla
byt ur¢ena experimentalné (viz 5.1.4) nebo
existovat jenom jako algoritmus, ktery
musi byt ciselné vyhodnocen. Funkce f jak
je zndzornéna v tomto pokynu, ma byt in-
terpretovana v tomto SirSim vyznamu, spe-
cielné jako funkce, ktera obsahuje vsechny
veli¢iny, véetné korekci a korekénich fak-
torl, které mohou pfispivat vyznamnymi
komponenty k nejistoté vysledku méreni.

Jestlize data indikuji, Ze f nemodeluje
méreni do té miry, jak je uloZzeno pozado-
vanou presnosti vysledku méreni, dodatec-
né vstupni veli¢iny musi byt zahrnuty do f
k vylouceni nedostatecnosti (viz 3.4.2). To
vyzaduje zavedeni vstupni veliciny tak, aby
zobrazila neuplné znalosti jevu, ktery ovliv-
nuje mérené veliciny. V prikladu 4.1.1, do-
datecna vstupni veli¢ina by mohla byt po-
tfrebnd k vypoctu znamého nelinearniho
rozdéleni teploty pres rezistor, mozného
nelinedrniho teplotniho soucinitele odporu
nebo mozné zavislosti odporu na atmosfé-
rickém tlaku.

POZNAMKA

Nicméné, rovnice (1) smi byt tak elementédrni jako
Y = X, - X, Tento vyraz modeluje napfiklad po-
rovnani dvou méfeni stejné veli¢iny X.

4.1.3 Mnozinu vstupnich veli¢cin X,
X, ... X, je mozné ¢lenit na:
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4.1.2 The input quantities X,, X, ..., X,
upon which the output quantity Y depends
may themselves be viewed as measurands
and may themselves depend on. other
quantities, including corrections and correc-
tion factors for systematic effects, thereby
leading to a complicated functional rela-
tionship f that may never be written down
explicitly. Further, f may be determined ex-
perimentally (see 5.1.4) or exist only as an
algorithm that must be evaluated numeri-
cally. The function f as it appears in this
Guide is to be interpreted in this broader
context, in particular as that function
which contains every quantity, including
all corrections and correction factors, that
can contribute a significant component of
uncertainty to the measurement result.

Thus, if data indicate that f does not mo-
del the measurement to the degree im-
posed by the required accuracy of the me-
asurement result, additional input quanti-
ties must be included in f to eliminate the
inadequacy (see 3.4.2). This may require
introducing an input quantity to reflect
incomplete knowledge of a phenomenon
that affects the measurand. In the example
of 4.1.1, additional input quantities might
be needed to account for a known nonuni-
form temperature distribution across the
resistor, a possible nonlinear temperature
coefficient of resistance, or a possible de-
pendence of resistance on barometric pre-
ssure.

NOTE

Nonetheless, equation (1) may be as elementary as
Y = X, - X,. This expression models, for example,
the comparison of two determinations of the same
quantity X.

4.1.3 The set of input quantities X
X, .... X,, may be categorized as:

1”
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- veliciny, jejichz hodnoty a nejistoty jsou
pfimo urené béhem aktualniho mére-
ni. Tyto hodnoty a nejistoty mohou byt
ziskany napriklad z jednoho pozorovani,
z opakovanych pozorovani nebo usud-
kem zaloZzenym na zkuSenosti a mohou
obsahovat urceni korekce ¢teni pfristro-
je a korekce ovliviiujicich velicin, jako je
teplota okoli, atmosféricky tlak a vlh-
kost;

- veli¢iny, jejichz hodnoty a nejistoty jsou
prenesené do postupu méreni z vnéjsich
zdroju, jako jsou veli¢iny spojené s kali-
bracnim mérenim etalond, certifikova-
nymi referen¢nimi materidly a referenc-
nimi daty ziskanymi z pFirucek.

4.1.4 Odhad mérené veliCiny Y, znacené y,
je ziskany z rovnice (1) pouzivajici odhady
vstupl x,, X,, ..., X,, pro hodnoty N veli¢in
X, X, ... X,. Tedy odhad vystupu y, ktery je
vysledkem méreni, je dan rovnici
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— quantities whose values and uncertain-
ties are directly determined in the cur-
rent measurement. These values and
uncertainties may be obtained from, for
example, a single observation, repeated
observations, or judgement based on ex-
perience, and may involve the determina-
tion of corrections to instrument readings
and corrections for influence quantities,
such as ambient temperature, baromet-
ric pressure, and humidity;

— quantities whose values and uncertain-
ties are brought into the measurement
from external sources, such as quantities
associated with calibrated measurement
standards, certified reference materials,
and reference data obtained from hand-
books

4.1.4 An estimate of the measurand Y, de-
noted by y, is obtained from equation (1)
using input estimates x,, X, ..., X, for the
values of the N quantities X, X, ..., X,.
Thus the output estimate y, which is the re-
sult of the measurement, is given by

y=1(X;, X5, .0 Xy)

POZNAMKA
V nékterych pfipadech, maze byt odhad y, ziskany z:

(2)

NOTE
In some cases the estimate y may be obtained from:

_ 1 n 1 n
y= YZZZY" :;Zf()(tk’XZkl“"XN,k)
k=1 k=1

Coz znamen4, Ze y je vypocten jako aritmeticky pri-
mér nebo prameér (average) (viz 4.2.1) n nezavislych
hodnot Y, proménné Y, kde kazda hodnota obsahu-
je stejné nejistoty a kazda je zalozena na komplet-
ni mnoziné zjisténych hodnot N vstupnich velicin
X, ziskanych soucasné. Takovy zpusob primérovani

y=AX,X,,.., Xy), kde

- 1

X; = _ZZ:1X”( (prok =1, 2,..., n) je aritmeticky
n .

primeér jednotlivych pozorovani X, ,, mize byt prefe-

rovany, kdyz f je nelinearni funkce vstupnich velicin

X, X, ... X,, ale oba pfistupy jsou identické, jestlize f

je linearni funkci X (viz H.2 a H.4).

That is, y is taken as the arithmetic mean or average
(see 4.2.1) of n independent determinations Y, of
Y, each determination having the same uncertain-
ty and each being based on a complete set of ob-
served values of the N input quantities X; obtained
at the same time. This way of averaging, rather than

y=1fX;,X,,.., Xy) where

- 1<, . . .
Xi = —ZHX,.,( is the arithmetic mean of the
n ,

individual observations X, , may be preferable when
f is a nonlinear function of the input quantities X,
X, ... X,, but the two approaches are identical if f is
a linear function of the X, (see H.2 and H.4).
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4.1.5 Odhadnutd smérodatna odchylka
spojena s odhadem hodnoty vystupu nebo
vysledku méreni y, nazyvana kombinovana
standardni nejistota a oznalovana u (y),
je uréena z odhadu smérodatné odchyl-
ky kazdého odhadu vstupu x, nazyvaného
standardni nejistota a oznaCovaného u(x)
(viz 3.3.5 a 3.3.6).

4.1.6 Kazdy odhad vstupu x; a k nému pfi-
pojena standardni nejistota u(x) jsou zis-
kané z rozdéleni moznych hodnot vstupni
veli¢iny X. Toto rozdéleni pravdépodob-
nosti mize byt zaloZeno na cetnosti, tj. na
sérii pozorovani X,, proménné X;; nebo to
mulze byt apr/orn/ rozdéleni. Hodnoceni
slozek standardni nejistoty zpusobem A
jsou zaloZzena na rozdéleni cetnosti, ale
hodnoceni zpUsobem B jsou zalozena na
apriornich rozdélenich. Je tfeba pripustit,
Ze v obou pripadech rozdéleni jsou modely
pouzity pro vyjadreni stavu nasich znalosti.

4.2 Hodnoceni standardni nejistoty
zplisobem A

4.2.1 V mnoha pfipadech nejlepsi do-
stupny odhad pravdépodobné nebo oce-
kavané hodnoty u veli¢iny g, ktera se na-
hodné meéni [nahodna velicina (C.2.2)]
a pro kterou n nezavislych pozorovani q,
bylo ziskano za stejnych podminek méreni
(viz B.2.15), je aritmeticky pramér nebo

primérnda hodnota g (average) (C.2.19)
vSech n pozorovani:

Takze, pro vstupni veli¢inu X; odhadnutou
z n nezavislych opakovanych pozorovani

X, je pouZit aritmeticky prameér Xi ziskany
z funkce (3) jako odhad vstupni hodnoty
X.v rovnici (2) pro urleni vysledku méfeni

y; tj x. = Xi. Odhady vstupd, které nejsou
vyhodnoceny z opakovanych pozorovani,
musi byt ziskdny jinymi metodami, jako tou
kterd je uvedena ve druhé kategorii 4.1.3.
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4.1.5 The estimated standard deviation
associated with the output estimate or mea-
surement result y, termed combined stan-
dard uncertainty and denoted by u (y), is
determined from the estimated standard
deviation associated with each input esti-
mate x, termed standard uncertainty and
denoted by u(x) (see 3.3.5 and 3.3.6).

4.1.6 Each input estimate x; and its associ-
ated standard uncertainty u(x) are obtained
from a distribution of possible values of
the input quantity X. This probability dis-
tribution may be frequency based, that is,
based on a series of observations X, of X,

or it may be an a priori dlstrlbutlon Type
A evaluations of standard uncertainty
components are founded on frequency
distributions while Type B evaluations are
founded on a priori distributions. It must be
recognized that in both cases the distribu-
tions are models that are used to represent
the state of our knowlege.

4.2 Type A evaluation of standard
uncertainty

4.2.1 In most cases, the best available
estimate of the expectation or expected
value u, of a quantity q that varies
randomly [a random variable (C.2.2)], and
for which n independent observations q,
have been obtained under the same con-
ditions of measurement (see B.2.15), is the

arithmetic mean or average g (C.2.19) of
the n observations:

_qu

nis

3)
Thus, for an input quantity X, estimated
from n ndependent repeated observations

X, the arithmetic mean X, obtained from
Equatlon (3) is used as the input estimate x,
in equation (2) to determine the measure-

ment result y; that is, x, = Xi. Those input
estimates not evaluated from repeated
observations must be obtained by other
methods, such as those indicated in the
second category of 4.1.3
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4.2.2 Jednotliva pozorovani q, se lidi
v hodnotach z divodu ndhodného kolisa-
ni ovliviujicich veli¢in nebo z dlvodu na-
hodnych vliv (viz 3.2.2). Experimentdlni
rozptyl pozorovani, ktery je odhadem roz-

ptylu o* rozdéleni pravdépodobnosti g, je
V rovnici:

sz(qk)=LZn:(q, -q)’
n-14

Tento odhad rozptylu a jeho kladna dru-
ha odmocnina s(q,), nazyvana vybérova
smérodatnad odchylka (B.2.17), charakte-
rizuji proménlivost hodnot pozorovani q,
nebo presnéji, jejich rozptyl kolem jejich

priméru q .

4.2.3 Nejlepsi odhad ¢%(q) = o’ /n roz-
ptylu priméru je dan nasledujici funkci:

s’(q) =

Experimentalni rozptyl priaméru s°(q)
a vybérova smérodatna odchylka stred-
ni hodnotys(g) (B.2.17, poznamka 2), rov-
najici se kladné hodnoté druhé odmocniny
s?(q), kvantifikuji jaka je g uroven odhadu
ocekavané hodnoty u, proménné g, pfi-
¢emz kterykoliv z obou je dovoleno pouzit
jako miru nejistoty q .

Pro vstupni veli¢inu X, uréenou z n ne-

zavislych  opakovanych pozorovani X,

je standardni nejistota u(x) jejiho odha-
du x, =X, ulx) = s(X;) s varianc $¥(X;)
vypoctenou podle rovnice (5). Pro uplnost,
UHXi) = s¥(Xi) a ulx) = s(X;) jsou nékdy
nazyvany rozptylem typu A a tedy stan-
dardni nejistotou typu A.

SBORNIKY TECHNICKE HARMONIZACE 2012

4.2.2 Theindividual observations q, differ
in value because of random variations in the
influence quantities, or random effects (see
3.2.2). The experimental variance of the
observations, which estimates the variance

o’ of the probability distribution of g, is
given by:

(4)
This estimate of variance and its positive
square root s(q,), termed the experimental
standard deviation (B.2.17), characterize
the variability of the observed values q,,
or more specifically, their dispersion about

their mean g.

4.2.3 The best estimate of o(q) = o’ /n,
the variance of the mean, is given by

Sz(qk)

n (5)
The experimental variance of the mean
s’(g) and the experimental standard de-
viation of the mean s(g) (B.2.17, note 2),
equal to the positive square root of s°(q),

quantify how well g estimates the expec-
tation u  of g, and either may be used as

a measure of the uncertainty of q.

Thus, for an input, quantity X, determined
from n independent repeated observations
X. .. the standard uncertainty u(x) of its esti-

mate x; =X is ulx) = s(X;) with §¥(X;) cal-
culated according to equation (5). For con-
venience, y¥(Xi) = s¥X;) and u(x) = s(X;)
are sometimes called a Type A variance and
a Type A standard uncertainly, respectively.
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POZNAMKY
1 Pocet pozorovani n musi byt dostatecné velky, aby

q poskytla spolehlivy odhad oc¢ekavané hodnoty
4, ndhodné veliciny g, a aby s2(q) poskytla spo-
lehlivy odhad rozptylu ¢2(q)=0c2/n (viz 4.3.2,

poznamka). Rozdil mezi s?(q) a o2(q) musi byt
bran v Gvahu pfi vytvareni konfidencnich intervalt
(viz 6.2.2). V pfipadé, Ze rozdéleni pravdépodob-
nosti proménné q je normdlni rozdéleni (viz
4.3.4), rozdil musi byt brdn na zfetel pouzitim
t-rozdéleni (viz G.3.2).

2 Prestoze rozptyl s2(q) je podstatnéjsi veli¢ina, smé-

rodatna odchylka s(q) je v praxi vyhodnéjsi, pro-
toZze ma stejné rozméry jako q a hodnotu jedno-
dussi na pochopeni, nez rozptyl.

4.2.4 Pro dobre popsané méreni pod sta-
tistickou kontrolou, je dovolen jako uzitec-

ny pouzit sdruzeny odhad rozptylu ss (nebo
sdruzenou vybérovou smérodatnou odchyl-
ku sp), které charakterizuji méreni. V téchto
pripadech, pokud je hodnota mérené velici-
ny q uréena z n nezavislych pozorovani, vy-

bérovy rozptyl aritmetického priiméru q je

odhadnut lIépe pomoci ss I'n nez s*(q)/n.
Pro standardni nejistotu plati potom

u=s, /</n . (Viz také poznamka H.3.6).

4.2.5 Casto je odhad x,vstupni veli¢iny X.
ziskan z krivky, ktera je prizplsobena expe-
rimentalnim datiim a to pouzitim metody
nejmensich ¢tverca. Odhadnuté rozptyly
a z nich vytvorené standardni nejistoty vhod-
nych parametrd charakterizujicich kfivku
a jakékoli odhadnuté body mohou byt ob-
vykle vypocteny pouzitim dobfe znamych
statistickych postupt (viz H.3 a citace [8]).

4.2.6 Pocet stupfit volnostiv, (C.2.31) u(x)
(viz G.3) je roven n— 1 a to v jednoduchém

pfipadé, kde x. = X; a u(x) = s(X;) je vypo-
¢ten z n nezavislych pozorovani jako v 4.2.1
a 4.2.3 a ma byt vzdy uveden v dokumenta-
ci pfi hodnoceni slozek nejistoty zpuso-
bem A .
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NOTES
1 The number of observations n should be large

enough to ensure that g provides a reliable estimate
of the expectation x, of the random variable g and

that s2(q ) provides a reliable estimate of the vari-
ance 02(q)=02/n (see 4.3.2, note). The differ-

ence between s?(g) and ¢2(q ) must be considered
when one constructs confidence intervals (see
6.2.2). In this case, if the probability distribution of
g is a normal distribution (see 4.3.4), the difference
is taken into account through the t-distribution
(see G.3.2).

2 Although the variance s2(q) is the more fun-
damental quantity, the standard deviation

s(?y) is more convenient in practice because it

has the same dimension as g and a more easily

comprehended value than that of the variance.
4.2.4 For a well-characterized measure-
ment under statistical control, a com-

bined or pooled estimate of variance s;
(or a pooled experimental standard devia-
tion sp) that characterizes the measurement
may be available. In such cases, when the
value of a measurand q is determined
from n independent observations, the
experimental variance of the arithmetic

mean g of the observations is estimated
better by s> /n than by s*(g)/n and the

standard uncertainty is u= S, /Jn. (See
also the note to H.3.6.)

4.2.5 Often an estimate x, of an input
quantity X.. is obtained from a curve that has
been fitted to experimental data by the me-
thod of least squares. The estimated vari-
ances and resulting standard uncertainties
of the fitted parameters characterizing the
curve and of any predicted points can usu-
ally be calculated by well-known statistical
procedures (see H.3 and reference [8]).

4.2.6 The degrees of freedom (C.2.31)
v, of u(x) (see G.3), equal to n - 1 in the

simple case where x, =X; and u(x) = s(X;)
are calculated from n independent observa-
tions asin 4.2.1 and 4.2.3, should always be
given when Type A evaluations of uncertainty
components are documented.

35



4.2.7 Jestli nahodnd kolisani mezi pozo-
rovanimi vstupni veli¢iny jsou korelovdna
napfiklad v case, je dovoleno pouzit stfed-
ni hodnotu a vybérovou smérodatnou od-
chylku stfedni hodnoty, jak jsou uvedeny
v4.2.1a4.2.3, jsou viak nevhodnymi odha-
dy (C.2.25) pro zadané statistiky (C.2.23).
V takovych pripadech, maji byt pozorova-
ni analyzovana pomoci statistickych me-
tod specidlné navrzenych pro zpracovani
rady korelovanych, nahodné proménnych
méreni.

POZNAMKA

Takové specializované metody jsou pouzity pro zpra-
covani méreni frekvencnich etalontd. Avsak, kdyz se
prechazi z kratkodobych méreni k dlouhodobym
mérenim ostatnich metrologickych velic¢in je mozné,
Ze predpoklad nahodnych nekorelovanych rozptyld
kolisani nebude naddle validovdn a ke zpracovani
téchto méreni by mohly byt také pouzity specializo-
vané metody. (Viz napriklad citace [9], podrobnéjsi
vyklad ohledné Allanova rozptylu.)

4.2.8 Vyklad hodnoceni standardni nejistoty
zplUsobem A v 4.2.1 az 4.2.7 neni vylerpa-
vajici; existuje nékolik mnohem slozitéjsich
situaci, které mohou byt zpracovany statistic-
kymi metodami. Dllezitym prikladem je pou-
Ziti postupu kalibrace, ¢asto zalozenych na
metodé nejmensich ¢tvercd, pro hodnoce-
ni nejistot vznikajicich jak z kratkodobych,
tak z dlouhodobych nahodnych kolisani, ve
vysledcich porovndvani materialnich artefaktu
neznamych hodnot, jako jsou koncové mér-
ky a etalony hmotnosti, s referen¢nimi eta-
lony, které maji znamou hodnotu. Pfi tako-
vych porovnatelné jednoduchych situacich
méreni mohou byt slozky nejistoty casto
hodnoceny statistickymi analyzami dat zis-
kanych z projektu skladajicich se z vlozené
sekvence méreni mérené veliCiny pro razny
pocet hodnot veli¢in, na kterych je zavisla
takzvana analyza rozptylu (viz H.5).
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4.2.7 If the random variations in the ob-
servations of an input quantity are corre-
lated, for example, in time, the mean and
experimental standard deviation of the
mean as given in 4.2.1. and 4.2.3 may be
inappropriate estimators (C.2.25) of the
desired statistics (C.2.23). In such cases, the
observations should be analysed by stati-
stical methods specially designed to treat
a series of correlated, randomly-varying
measurements.

NOTE

Such specialized methods are used to treat measure-
ments of frequency standards. However, it is possi-
ble that as one goes from short-term measurements
to long-term measurements of other metrological
quantities, the assumption of uncorrelated random
variations may no longer be valid and the speciali-
zed methods could be used to treat these measure-
ments as well. (See reference [9], for example, for
a detailed discussion of the Allan variance.)

4.2.8 The discussion of Type A evaluation of
standard uncertainty in 4.2.1 to 4.2.7 is not
meant to be exhaustive; there are many
situations, some rather complex, that can
be treated by statistical methods. An im-
portant example is the use of calibration
designs, often based on the method of
least squares, to evaluate the uncertain-
ties arising from both short- and long-term
random variations in the results of com-
parisons of material artefacts of unknown
values, such as gauge blocks and standards
of mass, with reference standards of known
values. In such comparatively simple measure-
ment situations, components of uncertainty
can frequently be evaluated by the statisti-
cal analysis of data obtained from designs
consisting of nested sequences of measu-
rements of the measurand for a number
of different values of the quantities upon
which it depends — a so-called analysis of
variance (see H.5).
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POZNAMKA

U nizkych drovni fetézce kalibrace, kde referencni
etalony jsou ¢asto povazovany za exaktné zndmé, pro-
toze byly kalibrovany narodni nebo primdrni stan-
dardni laboratofi, nejistota vysledku kalibrace smi
byt jednoduchd standardni nejistota typu A vyhod-
nocena ze sdruzené vybérové smérodatné odchylky,
kterd charakterizuje méreni.

4.3 Hodnoceni standardni nejistoty
zpuisobem B

4.3.1 Pro odhad x, vstupni veli¢iny X, kte-

ry nebyl ziskany z opakovanych pozorova-

ni, je odhad rozptylu u*(x) nebo standardni

nejistoty u(x) hodnoceny odbornym usud-

kem, zalozeném na vSech dosazitelnych

informacich tykajicich se mozné proménli-

vosti X.. Je dovoleno, Ze sdruzeni informaci

zahrnuje

- drivéjsi mérena data;

— zkusenosti nebo obecnou znalost cho-
vani a vlastnosti relevantnich materiald
a pristroju;

- specifikace vyrobce;

- poskytnutd data pfi kalibraci a ostatni
certifikaci;

- nejistoty pfipisované referencnim datiim
prevzatym z technickych pfirucek.

Pro uplnost u?(x) a u(x) vyhodnocené tou-

to cestou jsou nékdy nazyvany jako rozptyl

typu B a standardni nejistota typu B.

POZNAMKA

Kdyz x, je ziskano z apriorniho rozdéleni, jeho roz-
ptyl je spravné zapsan jako u*(X), ale pro zjednodu-
$eni jsou v tomto pokynu pouzity u*(x) a u(x).

4.3.2 Spravné pouziti sdruzeni dostupnych
informaci o hodnoceni standardni nejisto-
ty zplsobem B se zaklada na zkusenostech
a obecnych znalostech, aviak je to také
schopnost, ktera mlze byt naucena praxi.
Ma se uznavat, ze hodnoceni standardni ne-
jistoty zplsobem B muze byt stejné spoleh-
livé jako hodnoceni zptusobem A a to zvlasté
v situaci méreni, kde hodnoceni zpusobem A
je zalozeno na pomérné malém poctu statis-
ticky nezavislych pozorovani.
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NOTE

At lower levels of the calibration chain, where re-
ference standards are often assumed to be exactly
known because they have been calibrated by a na-
tional or primary standards laboratory, the uncer-
tainty of a calibration result may be a single Type
A standard uncertainty evaluated from the pooled
experimental standard deviation that characterizes
the measurement.

4.3 Type B evaluation of standard
uncertainty

4.3.1 For an estimate x; of an input quan-
tity X, that has not been obtained from
repeated observations, the associated es-
timated variance u?(x) or the standard
uncertainty u(x) is evaluated by scientific
judgement based on all of the available in-
formation on the possible varia-bility of X..
The pool of information may include

— previous measurement data;

- experience with or general knowledge
of the behaviour and properties of rele-
vant materials and instruments;

— manufacturer’s specifications;

— data provided in calibration and other
certificates;

- uncertainties assigned to reference data
taken from handbooks.

For convenience, u?*(x) and u(x) evaluated
in this way are sometimes called a Type
B variance and a Type B standard uncer-
tainty, respectively.

NOTE

When x, is obtained from an a priori distribution, the
associated variance is appropriately written as u*(X),
but for simplicity, u*(x) and u(x) are used throu-
ghout this Guide.

4.3.2 The proper use of the pool of available
information for a Type B evaluation of stan-
dard uncertainty calls for insight based on
experience and general knowledge, and is
a skill that can be learned with practice. It
should be recognized that a Type B evalu-
ation of standard uncertainty can be as re-
liable as a Type A evaluation, especially in
a measurement situation where a Type A
evaluation is based on a comparatively
small number of statistically independent
observations.
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POZNAMKA
JestliZze rozdéleni pravdépodobnosti g v pozndmce 1

k 4.2.3 je normalni rozdéleni, potom ols(q)/o(q).
smérodatna odchylka s(q) v poméru k c2(q), je
piiblizné [2(n — ). Tedy je-li brana o]s(q)] jako
nejistota s(q), pro n = 10 pozorovani, pak relativni
nejistota obsazena v s(q) je 24 %, avsak pro n =50
pozorovani je 10 %. (Dal$i hodnoty jsou uvedeny
v tabulce E.1 v pfiloze E.)

4.3.3 Jestlize odhad x, prevzaty z dat
vyrobce, certifikdtu kalibrace, technické pri-
ruc¢ky nebo jiného zdroje a jeho uvedena ne-
jistota jsou stanoveny jako dany nasobek smé-
rodatné odchylky, standardni nejistota u(x)
je uvedend hodnota délena nasobitelem
a odhad rozptylu u*(x) je druhd mocnina
tohoto podilu.

PRIKLAD

V kalibra¢nim certifikatu se stanovi, Ze hmotnost etalo-
nu z korozivzdorné oceli m_se jmenovitou hodnotou je-
den kilogram, je 1 000,000 325 g a nejistota této hodno-
ty je 240 pg pfi urovni trojndsobku smérodatné odchylky.
Smérodatnd odchylka pro etalon hmotnosti je potom
u(my) = (240 pg)/3 = 80 pg. To odpovida relativni stan-
dardni nejistoté u(my)/m, ve vy3i 80 x 10~ (viz 5.1.6).
Odhad rozptylu je
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NOTE
If the probability distribution of g in note 1 to 4.2.3

is normal, then o[s(q))o(q), the standard devi-
ation of s(q) relative to o2(q), is approximately

[2(n = 1)] Thus, taking G[S(C_])] as the uncertainty
of s(q), for n = 10 observations the relative uncer-

tainty in s(q) is 24 percent, while for n = 50 observa-
tions it is 10 percent. (Additional values are given in
table E.1 in annex E.)

4.3.3 If the estimate x. is taken from a ma-
nufacturer’s specification, calibration cer-
tificate, handbook, or other source and its
quoted uncertainty is stated to be a parti-
cular multiple of a standard deviation, the
standard uncertainty u(x) is simply the
quoted value divided by the multiplier, and
the estimated variance u*(x) is the square
of that quotient.

EXAMPLE

A calibration certificate states that the mass of
a stainless steel mass standard m, of nominal value
one kilogram is 1 000,000 325 g and that the uncer-
tainty of this value is 240 ug at the three standard de-
viation level.” The standard uncertainty of the mass
standard is then simply u(m,) = (240 pg)/3 = 80 pg.
This corresponds to a relative standard uncertainty
u(my)/m, of 80 x 10~ (see 5.1.6). The estimated vari-
ance is

u*(m,) = (80 nug)* = 6,4 x 10° g*

POZNAMKA

V mnoha pripadech jsou malé nebo zadné informace
o jednotlivych slozkach, ze kterych je ziskana uvede-
na nejistota. Obecné to neni dulezité pro vyjadre-
ni nejistoty, pokud postupujeme v souladu s timto
pokynem, protoze vsechny standardni nejistoty jsou
zpracovany stejnym zpUsobem pouzitym pro vypocet
kombinované standardni nejistoty vysledku méreni
(viz kapitola 5).

NOTE

In many cases little or no information is provided
about the individual components from which the
quoted uncertainty has been obtained. This is gene-
rally unimportant for expressing uncertainty accor-
ding to the practices of this Guide since all standard
uncertainties are treated in the same way when the
combined standard uncertainty of a measurement
result is calculated (see clause 5).
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4.3.4 Uvedena nejistota x, neni nezbytné
dana jako nasobek smérodatné odchyl-
ky podle 4.3.3. Spise je mozné, Ze uvede-
na nejistota se urCuje v intervalu, ktery
ma 90, 95 nebo 99 % konfidencni Uroven
(viz6.2.2). Predpoklada se, pokud neni jinak
uvedeno, Ze bylo pouzito normalni rozdé-
leni (C.2.14) pro vypocet uvedené nejistoty
a k ziskani standardni nejistoty x. délenim
uvedené nejistoty vhodnym ¢initelem nor-
malniho rozdéleni. Cinitele odpovidajici
vyse uvedenym konfiden¢nim drovnim jsou
1,64; 1,96 a 2,58 (viz také tabulka G.1 v pfi-
loze G).

POZNAMKA

Takovy predpoklad neni nutny, jestlize nejistota bude
uvedena v souladu s doporucenim tohoto pokynu
ohledné zaznamu, ktery zdlraznuje, Ze pouzity cini-
tel rozsifeni je vzdy uveden (viz 7.2.3).

PRIKLAD

Kalibra¢ni  certifikdt uvadi, ze odpor etalono-
vého rezistoru R, jmenovité hodnoty 10 Q je
10,000 742 Q + 129 pQ pfi 23 °C, a ze "uvedena nej-
istota 129 pQ urcuje interval, ktery ma konfidenc¢ni
uroven 99 %". Standardni nejistotu rezistoru je do-
voleno brat jako u(R) = (129 pQ)/2,58 = 50 pQ, coz
odpovida relativni standardni nejistoté u(R.)/R,
ve vysi 5,0 x 107 (viz 5.1.6). Odhad rozptylu je

u*(R) = (50 pQ)*=2,5x 10° Q2

4.3.5 Je mozné uvazit pripad, kdy na zakladé
dostupnych informaci je mozno stanovit, ze
~€xistuje 50 % Sance, ze hodnota vstupni
veliCiny X leZi uvnitf intervalu od a_do a_ "
(jinymi slovy, pravdépodobnost, Zze X. leZi
uvnitf tohoto intervalu je 0,5 nebo 50 %).
Pokud se mUze predpokladat, Ze rozdéleni
moznych hodnot X je pfiblizZné normalni,
potom nejlepsi odhad x, pro X je moZno
brat jako stfedni bod intervalu. Déle, po-
kud je polovina Sirky intervalu oznace-
nad a = (a, - a)/2, je moZno predpokladat
u(x) = 1,48a, protoze pro normalni rozdéleni
s otekavanou hodnotou u a smérodatnou
odchylkou g intervalu je u +5/1,48 a zahrnu-
je priblizné 50 % rozdéleni.
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4.3.4 The quoted uncertainty of x; is not
necessarily given as a multiple of a stan-
dard deviation as in 4.3.3. Instead, one
may find it stated that the quoted uncertain-
ty defines an interval having a 90, 95, or
99 percent level of confidence (see 6.2.2).
Unless otherwise indicated, one may assu-
me that a normal distribution (C.2.14) was
used to calculate the quoted uncertainty,
and recover the standard uncertainty of x,
by dividing the quoted uncertainty by the
appropriate factor for the normal distribu-
tion. The factors corresponding to the abo-
ve three levels of confidence are 1,64; 1,96;
and 2,58 (see also table G. 1 in annex Q).
NOTE

There would be no need for such an assumption if
the uncertainty had been given in accordance with
the recommendations of this Guide regarding the

reporting of uncertainty, which stress that the co-
verage factor used is always to be given (see 7.2.3).

EXAMPLE

A calibration certificate states that the resistance of
a standard resistor R, of nominal value ten ohms is
10,000 742 Q + 129 pQ at 23 °C and that , the quot-
ed uncertainty of 129 uQ defines an interval having
a level of confidence of 99 percent.” The standard
uncertainty of the resistor may be taken as u(R)
= (129 uQ)/2,58 = 50 pQ, which corresponds to a rela-
tive standard uncertainty u(R,)/R; of 5,0 x 107 (see
5.1.6). The estimated variance is

UZ(RS) = (50 uQ)?=2,5x 10° Q2

4.3.5 Consider the case where, based on
the available information, one can state
that “there is a fifty-fifty chance that the
value of the input quantity X lies in the in-
terval a_to a " (in other words, the prob-
ability that X; lies within this interval is 0,5 or
50 percent). If it can be assumed that the
distribution of possible values of X. is ap-
proximately normal, then the best estimate
x, of X. can be taken to be the midpoint of
the interval. Further, if the half-width of
the interval is denoted by a = (a, —a)/2, one
can take u(x) = 1,48a, because for a nor-
mal distribution with expectation x and
standard deviation ¢ the interval u + s /1,48
encompasses approximately 50 percent of
the distribution.
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PRIKLAD

Mechanik urcujici rozméry jedné ¢asti predpoklada,
Ze jeji délka je s pravdépodobnosti 0,5 v intervalu
10,07 mm az 10,15 mm a uvadi, ze [ = (10,11 = 0,04)
mm, coz znamend, Ze 0,04 mm urcuje interval, kte-
ry ma konfidencni urovert 50 %. Potom a = 0,04mm
a za predpokladu normdlniho rozdéleni moz-
nych hodnot /, standardni nejistota délky je

u(l) = 1,48 x 0,04 mm = 0,06 mm a odhad rozptylu
u?() = (1,48 x 0,04 mm)? = 3,5 x 10 mm?2.

4.3.6 Je mozné uvazit pripad, uvedeny
v 4.3.5, kde na zakladé dostupnych infor-
maci je mozno stanovit, Ze ,existuje Sance
2 ze 3, ze hodnota X, lezi uvnitf intervalu
od a_do a " (jinymi slovy, pravdépodob-
nost, Ze X. lezi uvniti tohoto intervalu je zhru-
ba 0,67). Je mozné brat u(x) = a, protoze
pro normalni rozdéleni s o¢ekavanou hod-
notou u a smérodatnou odchylku g, inter-
val i + o pokryje 68,3 % rozdéleni.

POZNAMKA

Hodnoté u(x) by mohlo byt dano podstatné vice vy-
znamd, nez ji ziejmé prislusi, pokud se pouzije aktualni
normalni odchylka 0,967 42 odpovidajici pravdépo-
dobnosti p = 2/3, tj. pokud u(x) = a/0,967 42 = 1,033 a.

4.3.7 V dalsich prfipadech je dovoleno od-
hadnout pouze hranice (horni a dolni mez-
ni rozmér) pro X, zvlaité pfi konstatovani:
«pravdépodobnost, Ze hodnota X leZi v in-
tervalu od a_do a, pro viechny praktické
ucely je rovna 1 a pravdépodobnost, Ze X
lezi mimo tento interval je v podstaté 0”.
Jestlize neexistuji specidlni znalosti ohled-
né moznych hodnot X uvnitf intervalu, pak
se mUze pouze predpokladat, Ze je stejné
pravdépodobné pro X, aby leZela kdekoliv
uvnitr intervalu (rovhomérné nebo pravo-
uhlé rozdéleni moznych hodnot - viz 4.4.5
a diagram 2a). Potom x, oCekavana hodno-
ta X, je stfedni bod intervalu x. = (a_+ a )/2,
s prislusnym rozptylem

ui(x) =

JestliZze rozdil mezi hranicemi a, - a_je ozna-
¢eny 2a, pak rovnice (6) prejde do tvaru:
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EXAMPLE
A machinist determining the dimensions of a part
estimates that its length lies with probability 0,5,
in the interval 10,07 mm to 10,15 mm, and reports
that / = (10.11 £ 0,04) mm, meaning that 0,04 mm
defines an interval having a level of confidence
of 50 percent. Then a = 0,04 mm, and if one as-
sumes a normal distribution for the possible values
of /, the standard uncertainty of the length is
u() = 1,48 x 0,04 mm = 0,06 mm and the estimated
variance is u*(/) = (1,48 x 0,04 mm)? = 3,5 x 10 mm?.
4.3.6 Consider a case similar to that of
4.3.5 but where, based on the available
information, one can state that. “there
is about a two out of three chance that
the value of X, lies in the interval a_to a,
" (in other words, the probability that X,
lies within this interval is about 0,67). One
can then reasonably take u(x) = a, because
for a normal distribution with expectation u
and standard deviation ¢ the interval
1 £ o encompasses about 68,3 percent of
the distribution.
NOTE
It. would give the value of u(x) considerably more
significance than is obviously warranted if one were
to use the actual normal deviate 0,96742 correspond-
ing to probability p = 2/3, that is, if one were to write
u(x.) = a/0,967 42 = 1,033 a.
4.3.7 In other cases it may be possible to
estimate only bounds (upper and lower
limits) for X, in particular, to state that “the
probability that the value of X. lies within
theinterval a_to a_for all practical purposes
is equal to one and the probability that X;
lies outside this interval is essentially zero.”
If there is no specific knowledge about the
possible values of X within the interval,
one can only assume that it is equally prob-
able for X to lie anywhere within it (a uni-
form or rectangular distribution of possible
values - see 4.4.5 and figure 2a). Then x,
the expectation or expected value of X, is
the midpoint of the interval, x, = (a_+ a )/2,
with associated variance
(a,—a)¥12

(6)
If the difference between the bounds,
a,—a, is denoted by 2a, then equation (6)
becomes
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u*(x) =a*/3

POZNAMKA

Pokud slozka nejistoty uréend timto zpUsobem pfispiva
vyznamné k nejistoté vysledku méreni, je obezfetné
ziskat dodatecnd data pro jeho dalsi hodnoceni.

PRIKLADY

1

V technické pfiru¢ce se uvadi hodnota soucini-
tele teplotni délkové roztaznosti cCisté médi pfi
20 °C, a,(Cu), jako 16,52 x 10° °C' a jedno-
duse vyjadfuje, Ze ,chyba této hodnoty nema
prekrocit 0,40 x 10° °C'. Na zakladé této
omezujici informace neni nerozumné predpo-
kladat, Ze hodnota a,,(Cu) lezi se stejnou prav-
dépodobnosti v intervalu od 16,12 x 10° °C" do
16,92 x 10 °C' a je velmi nepravdépodobné,
Zze a,(Cu) lezi mimo tento interval. Rozptyl
tohoto symetrického pravouhlého rozdéle-
ni moznych hodnot a,(Cu) s polovi¢ni 3itkou
a=0,40 x 10 °C"'je potom podle rovnice (7):
u*(a,,) = (0,40 x 10°® °C")$/3 = 53,3 x 107" °C? a stan-
dardni nejistota je

7)

NOTE

When a component of uncertainty determined in
this manner contributes significantly to the uncer-
tainty of a measurement result, it is prudent to ob-
tain additional data for its further evaluation

EXAMPLES

1 A handbook gives the value of the coefficient
of linear thermal expansion of pure copper at
20°C, a,,(Cu), as 16,52 x 10 °C" and simply states
that “the error in this value should not exceed
0,40 x10%°C-".” Based on this limited information,
it is not unreasonable to assume that the value of
a.,,(Cu) lies with equal probability in the interval
16,12 x 106 °C' to 16,92 x 10¢ °C' and that it is
very unlikely that a,,(Cu) lies outside this interval.
The variance of this symmetric rectangular distri-
bution of possible values of o, (Cu) of half-widht
a=0,40 x 10 °C" is then, from equation (7),
u*(a.,,) = (0,40 x 10° °C")?/3 = 53,3 x 10" °C, and
the standard uncertainty is

u(a,,) = (0,40 x 10° °C")/\/§ =0,23 x 105 °C"'

Specifikace vyrobce digitélniho voltmetru vyja-
dfuje, Ze ,v dobé od jednoho roku do dvou let
po kalibraci pfistroje, jeho presnost v rozsahu
1V je 14 x 10° nasobku odectitané hodnoty plus
2 x 10°nasobek rozsahu”. Prepoklada se, Ze pfri-
stroj byl pouzivan po dobu 20 mésicl po kalibraci
k méfeni napéti Vv jeho rozsahu 1 V. Aritmeticky
prmér nékolika nezavislych opakovanych pozo-

rovani veli¢iny V je V =0928 571 V pfi standardni

nejistotétypu Au( V) =12 pV. Jemozno ziskatstan-
dardni nejistotu vychazejici ze specifikace vyrob-
ce hodnocenim standardni nejistoty zplsobem B

za predpokladu, Ze udand presnost poskytuje k %

symetrické meze pridavné korekce AV s o¢ekavanou
hodnotou rovnou nule a se stejnou pravdépo-
dobnosti, Zze jeji hodnota lezi kdekoliv uvnitf
téchto mezi. Polovic¢ni Sitka symetrického pra-
vouhlého rozdéleni moznych hodnot AV je tedy
a = (14 x 10° x (0,928 571 V) + (2 x 10)
x (1 V) = 15 pV. Podle rovnice (7) se vypocitd
wAV) = 75 pW2au(AV) = 87 pV. Odhad hod-
noty mérené veliciny V, je dan vztahem
V=V + AV =0,928 571 V. Kombinovana stan-

dardni nejistota tohoto odhadu se ziska kombi-
naci 12 uV standardni nejistoty hodnocené zpU-

sobem A pro Vas 87 uV standardni nejistoty

hodnocné zpusobem B pro AV. Obecnd meto-
da pro kombinaci slozek standardni nejistoty je
uvedena v kapitole 5, pficemzZ tento priklad je
predmétem 5.1.5.

2 A manufacturer’s specifications for a digital volt-
meter state that “between one and two years
after the instrument is calibrated, its accuracy on
the 1 V range is 14 x 10 times the reading plus
2 x 10° times the range.” Consider that the in-
strument is used 20 months after calibration to
measure on its 1 V range a potential difference
V, and the arithmetic mean of a number ‘of inde-
pendent repeated observations of Vis found to be

V' = 0,928 571 V with a Type A standard uncer-

tainty u( Vy=12 uV. One can obtain the standard
uncertainty associated with the manufacturer’s
specifications from a Type B evaluation by assum-
ing that the stated accuracy provides symmetric

bounds to an additive correction to V, AV, of ex-
pectation equal to zero and with equal probability
of lying anywhere within the bounds. The half-
width a of the symmetric rectangular distribu-

tion of possible values of AV is then a=(14x 10%)
x (0,928 571 V) + 2 x 10°) x (1 V) = 15 pV, and from

equation (7), uZ(AV) =75uV2and u(AV)=8,7 pv.
The estimate of the value of the measurand V,
for simplicity denoted by the same symbol V, is

given by V= V+ AV =0,928 571 V. One can obtain
the combined standard uncertainty of this esti-
mate by combining the 12 uV Type A standard

uncertainty of ¥ with the 8,7 uV Type B standard

uncertainty of AV, The general method for com-
bining standard uncertainty components is given
in clause 5, with this particular example treated
in 5.1.5.
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43.8 V 4.3.7 horni a dolni meze a, a a_
pro vstupni veli¢inu X:nemusi byt symetric-
ké s ohledem na nejlepsi odhad x.. Pfesnéji,
jestlize dolni mez je stanovena jako
a_=x.—b_ahornimezjea, =x +b_, potom
b_#b,. ProtoZe v tomto pfipadé x, (pfedpo-
kladana jako nejlepsi odhad X) neni upro-
stfed intervalu mezi a,_ a a, rozdéleni prav-
dépodobnosti X nemlze byt rovnomérné
pres cely interval. Pokud neni dostupny
dostatek informaci pro vybér vhodného
rozdéleni, rozdilné modely povedou k roz-
dilnému vyjadreni rozptylu. Pfi nedostatku
takovych informaci nejjednodussim pfribli-
Zenim je
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4.3.8 In4.3.7 the upper and lower bounds
a, and a_ for the input quantity X, may
not be symmetric with respect to its best
estimate x; more specifically, if the lower
bound is written as a_= x, — b_and the up-
per boundasa,=x,+ b, thenb_#b_. Since
in this case x; (assumed to be the expecta-
tion of X) is not at the centre of the inter-
val a_to a,, the probability distribution of
X, cannot be uniform throughout the inter-
val. However, there may not be enough in-
formation available to choose an appropri-
ate distribution; different models will lead
to different expressions for the variance. In
the absence of such information the sim-
plest approximation is

u(x,) =

jez je rozptylem pravouhlého rozdéleni
scelousifkoub_+b_.(Asymetrické rozdéleni
je také vysvétleno v F.2.4.4 a G.5.3).

PRIKLAD

V prikladu 1 v 4.3.7, je v technické pfiru¢ce hodnota sou-
Cinitele a,(Cu) = 16,52 x 10 °C" a je uvedeno, Ze
»~nejmensi moznd hodnota je 16,40 x 10°°C" a nej-
vétsi mozna hodnota je 16,92 x 10 °C"". Potom plati
b =0,12x10°°C", b, =0,40 x 10° °C", a z rovnice (8)
u(a,,) = 0,15 x 1076 °C",

POZNAMKY

1V mnoha situacich praktického méreni, kde jsou
nesymetrické meze, je vhodné aplikovat ko-
rekce pro odhad x; velikosti (b- b )/2 tak, aby

novy odhad x; veliciny X byl uprostfed mezi

Xx; = (a, — a)/2. To redukuje situaci tak, aby byla
podobnd pfipadu z 4.3.7 s novymi hodnotami

b =b =(b,-b)2=(a,-a)2=a.

2 Na zdkladé principu maximalni entropie mulze
platit pro funkci hustoty pravdépodobnosti
v pfipadé asymetrie: p(X) = A exp[- A(X, - x)],
kde A = [bexp(lb)] + bexp(-=ib)l"
a . = {exp[i(b_ + b,))] - 1}/ {b_exp[i(b +b)] + b }.
Toto vede k rozptylu u?(x) = b b_— (b, - b)/4; pro
b,>b,.>0aprob <b,i<0.

(b, +b ) (a, +a)
12 12 ®)

which is the variance of a rectangular distri-
bution with full width b, + b_. (Asymmetric
distributions are also discussed in F.2.4.4
and G.5.3))

EXAMPLE

If in example 1 of 4.3.7 the value of the coefficient
is given in the handbook as a,,(Cu) = 16,52 x 107 °C
and it is stated that “the smallest possible value
is 16,40 x 10° °C'and the largest possible val-
ue is 16,92 x 10° °C", thenb = 0,12 x 10 °C",
b = 0,40 x 10° °C', and, from equation (8),

+

u(a,y) = 0,15 x 106 °C-".
NOTES

1 In many practical measurement situations
where the bounds are asymmetric, it may be
appropriate to apply a correction to the esti-
mate x, of magnitude (b, = b) /2 so that the

new estimate x;of X.is at the midpoint of the

bounds: x; = (a, — @) /2 This reduces the situa-

tion to the case of 4.3.7, with new values
b o=b =(b,-b)l2=(a,-a)/2=a.

2 Based on the principle of maximum entropy, the
probability density function in the asymmetric
case may be shown to be p(X) = A exp [- A(X,-x)],
with A = [bexp(ib)] + b.exp(-ib)]" and 1 =
{explAb_ + b,)] - 1} {bexplilb+b)] + b}
leads to the variance u?(x) = b.b_ - (b, - b)/4;
forb,>b,A>0andforb,<b,1<0.
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4.3.9 Protoze v 4.3.7 nebyly zadné speci-
fické znalosti ohledné moznych hodnot X,
mezi jejich odhadnutymi mezemi od a do
a,, mohlo byt pouze pfedpokladano, Ze se
stejnou pravdépodobnosti X. miZe naby-
vat jakychkoliv hodnot uvnitf téchto mezi
a s nulovou pravdépodobnosti, Ze budou
mimo néj. Takové stupné funkce nespoji-
tosti v rozdéleni pravdépodobnosti jsou
Casto nefyzikalni. V mnoha pfipadech, je
mnohem realnéjsi ocekdvat, Zze hodnoty
blize k mezim jsou méné pravdépodobné
nez ty, které jsou blize ke stfednimu bodu.
Je potom rozumné, aby symetrické pravo-
uhlé rozdéleni bylo nahrazeno symetrickym
lichobéZznikovym rozdélenim, které ma
stejné Sikmé strany (lichobéznik se stejnymi
stranami) a $itku zdkladny a, — a_ = 2a
a vySku 2ap, kde 0 < g < 1. Pokud f — 1,
tak toto lichobézZnikové rozdéleni se blizi
k pravouhlému rozdéleni ze 4.3.7, a kdyz
S = 0 je toto rozdéleni trojuhelnikové (viz
4.4.6 a obrazek 2b). Za predpokladu licho-
bé&Znikového rozdéleni pro X, plati, Ze oce-
kavana hodnota veli¢iny X je x. = (a_+ a )/2
a k nému pfirazeny rozptyl je:

SBORNIKY TECHNICKE HARMONIZACE 2012

4.3.9 In 4.3.7, because there was no spe-
cific knowledge about the possible values
of X, within its estimated bounds a_to a,,
one could only assume that it was equally
probable for X to take any value within
those bounds, with zero probability of be-
ing outside them. Such step function dis-
continuities in a probability distribution
are often unphysical. In many cases it is
more realistic to expect that values near
the bounds are less likely than those near
the midpoint. It is then reasonable to re-
place the symmetric rectangular distribu-
tion with a symmetric trapezoidal distribu-
tion having equal sloping sides (an isosceles
trapezoid), a base of width a, —a_=2a, and
atop of width 2a, where 0< f< 1. Asff —> 1
this trapezoidal distribution approaches
the rectangular distribution of 4.3.7, while
for f = 0 it is a triangular distribution
(see 4.4.6 and figure 2b). Assuming such
a trapezoidal distribution for X, one finds
that the expectation of X is x. = (a_+ a,)/2
and its associated variance is:

u*(x) = a*(1 + p)le

kde v pfipadé trojuhelnikového rozdéleni
jef=0,

POZNAMKY

1 Pro normdlini rozdéleni s oc¢ekdvanou hodnotou
1 a smérodatnou odchylkou g, interval u + 3¢ obsa-
huje zhruba 99,73 % rozdéleni. Pokud tedy horni
a dolni meze a_a a_urcuji 99,73 procentni meze
spise nez 100procentni meze a muze byt pred-
pokladano, Zze X, bude aproximovano normal-
nim rozdélenim spise nez, Ze zde nejsou specific-
ké znalosti o X;mezi hranicemi jako v 4.3.7, potom
u,(x) = a’/9. Podle porovnani, rozptyl symetrického
pravouhlého rozdéleni s polovi¢ni Sitkou a je a%/3
[rovnice (7)] a rozptyl symetrického trojuhelnikové-
ho rozdéleni s polovi¢ni Sitkou a je a?/6 [rovnice
(9b)]. Hodnoty rozptylt tfi rozdéleni jsou prekvapivé
podobné z pohledu velkych rozdild v mnoZstvi
informaci pozadovanych k jejich opravnénosti.

(9a)
which becomes for triangular distribution

p=0,

u*(x) = a’6

(9b)
NOTES
1 For a normal distribution with expectation ¢ and
standard deviation ¢, the interval u + 3¢ encom-
passes approximately 99,73 percent of the dis-
tribution. Thus, if the upper and lower bounds
a, and a_define 99,73 percent limits rather than
100 percent limits, and X. can be assumed to be ap-
proximately normally distributed rather than
there being no specific knowledge about X; be-
tween the bounds’ as in 4.3.7, then u,(x) = a%/9. By
comparison, the variance of a symmetric rectangu-
lar distribution of half-width a is a?/3 [equation (7)]
and that of a symmetric triangular distribution
of half width a is a?/6 [equation (9b)]. The magni-
tudes of the variances of the three distributions
are surprisingly similar in view of the large differ-
ences in the amount of information required to
justify them.
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2 Lichobéznikové rozdéleni je ekvivalent-
ni konvoluci dvou pravouhlych rozdéleni
[10], kde jedno s polovi¢ni 3ditkou a, se rov-
na praméré polovi¢ni Sifce lichobézniku,
a, = a(1 + f)/2, a druhé s polovi¢ni Sitkou a, se
rovnd primérné Sifce jedné trojuhelnikové casti
lichobéZniku a, = a(1 - §)/2. Rozptyl rozdéleni je
u, = a;/3 + a3/ 3. Slozené rozdéleni mize byt
vysvétleno jako pravouhlé rozdéleni, jehoz Sitka
2a, ma sama nejistotu znazornénou pravouhlym
rozdélenim se Sifkou 2a, a modeluje skutecnost,
kdy meze pro néjaké vstupni veli¢iny nejsou
pfesné znamé. Ale i kdyby a, byla tak velka jako
30 % a,, u bude vétii nez a, /43 s pravdépodob-
nosti mensi nez 5 %.

4.3.10 Je dulezité, aby slozky nejistoty ne-
byly ,zapocitany dvakrat”. Jestlize slozka ne-
jistoty, kterd roste nasledkem znamého vlivu
je ziskana z hodnoceni zplsobem B ma byt
zahrnuta jako nezavisla slozka nejistoty ve
vypoctu kombinované standardni nejisto-
ty vysledku méreni pouze k prokazani, ze
vliv nepfispiva ke sledované proménlivosti
pozorovani. To je proto, Ze nejistota
zpusobena casti vlivu, ktery pfispiva k po-
zorovanému rozptylu je vzdy obsazena ve
slozce nejistoty ziskané ze statistiké analyzy
pozorovani.

4.3.11 Vyklad hodnoceni standardni nejis-
toty zpusobem B v 4.3.3 az 4.3.9 je minén
pouze jako ukazka. Navic hodnoceni ne-
jistoty ma byt zaloZzeno v nejvétsi mozné
mife na kvantitativnich datech, jak je uve-
denov3.4.1a34.2.

4.4 Grafické znazornéni hodnoceni
standardni nejistoty

4.4.1 Obrazek 1 znazoriuje odhad hod-
noty vstupni veliCiny X. a hodnoceni nejisto-
ty tohoto odhadu z neznamého rozdéleni
moznych méfenych hodnot X, nebo z roz-
déleni X, , nebo rozdéleni pravdépodob-
nosti X, které je vzorkovano na zakladé
opakovanych pozorovani.
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2 The trapezoidal distribution is equivalent to the con-
volution of two rectangular distributions [10], one
with a half-width a, equal to the mean half-width of
the trapezoid, a, = a(1 + f)/2, the other with a half-
width a, equal to the mean width of one of the trian-
gular portions of the trapezoid, a, = a(1 - §)/2. The
variance of the distribution u, = af/3 + a3/3.
The convolved distribution can be interpreted as
a rectangular distribution whose width 2a, has
itself an uncertainty represented by a rectangu-
lar distribution of width 2a, and models the fact
that the bounds on an input quantity are not exactly
known. But even if a, is as large as 30 percent of a,,

u exceeds g, /\/§ by less than 5 percent.

4.3.10 Itisimportant not to “double-count”
uncertainty components. If a component of
uncertainty arising from a particular effect is
obtained from a Type B evaluation, it should
be included as an independent component
of uncertainty in the calculation of the
combined standard uncertainty of the me-
asurement result only to the extent that
the effect does not contribute to the ob-
served variability of the observations. This is
because the uncertainty due to that porti-
on of the effect that contributes to the ob-
served variability is already included in the
component of uncertainty obtained from
the statistical analysis of the observations.

4.3.11 The discussion of Type B evaluation
of standard uncertainty in 4.3.3 to 4.3.9 is
meant only to be indicative. Further, eva-
luations of uncertainty should be based on
quantitative data to the maximum extent
possible, as emphasized in 3.4.1 and 3.4.2.

4.4 Graphical illustration of evaluating
standard uncertainty

4.4.1 Figure 1 represents the estimation
of the value of an input quantity X; and
the evaluation of the uncertainty of that es-
timate from the unknown distribution of po-
ssible measured values of X, or probability
distribution of X, that is sampled by means
of repeated observations.

44



4.4.2 Na obrdzku 1a je predpoklad, ze
vstupni veli¢ina X, je teplota t a jeji ne-
znamé rozdéleni je normalni rozdéleni
s oCekavanou hodnotou x = 100 °C a smé-
rodatnou odchylkou ¢ = 1,5 °C. Jeji hustota
pravdépodobnosti (viz C.2.14) je tedy

p(t) =

POZNAMKA
Definice hustoty pravdépodobnosti p(z) vyzaduje, aby

vyhovéla vztahu Ip(z) dz =1.

4.4.3 Obrazek 1b znazorfiuje histogram
n = 20 opakovanych pozorovani t, teploty
t, za predpokladu, Ze jsou prfevzata ndhod-
né z rozdéleni na obrazku 1a. K sestaveni
histogramu je 20 pozorovani nebo vzor-
kd, jejichz hodnoty jsou uvedeny v tabul-
ce 1, seskupeno do intervalu Sirokych 1 °C.
(Pfiprava histogramu samozrejmé neni po-
Zadovana pro statistickou analyzu dat).

Aritmeticky pramér nebo stfedni hodnota
t pro n = 20 pozorovani vypotitany podle

rovnice (3) je t =100,145°C=100,14°Caje
predpoklad, Ze je to nejlepsi odhad oceka-
vané hodnoty u, pro t sestaveny na zakladé
dostupnych dat. Vybérova smérodatna od-
chylka s(t,) vypocitana podle rovnice (4) je
s(t) = 1,489 °C= 1,49 °C a vybérova sméro-

datna odchylka stfedni hodnoty s(t ) vypocita-
nd podle rovnice (5),

ktera je standardni nejistota u(t) praméru

tjeu(t)=s(t)=s(t)/+20 =0,333°C~0,33°C.
(Pro dalsi vypocty je vhodné, aby vsechny
Cislice byly zachovany.)

POZNAMKA

Ackoliv data v tabulce 1 nejsou pravdépodobnad vzhle-
dem k rozsifenému uzivani vysoce rozlisovacich digi-
talnich elektronickych teplomérd, jsou pro ilustra-
tivni ucely a nemaji byt proto nutné interpretovana
jako popis skute¢ného méreni.
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4.4.2 In figure 1a it is assumed that the
input quantity X is a temperature t and
that its unknown distributioriis a normal
distribution with expectation « = 100 °C
and standard deviation o = 1,5 °C. Its prob-
ability density function (see C.2. 14) is then

2
L exp —l(t_'ufj
oN2r7 2\ o

NOTE
The definition of a probability density function p(z)

requires that the relation Ip(z) dz =1is satisfied.

4.4.3 Figure 1b shows a histogram of
n = 20 repeated observations t, of the tem-
perature t that are assumed to have been
taken randomly from the distribution of
figure la. To obtain the histogram, the 20
observations or samples, whose values are
given in table 1, are grouped into intervals
1 °C wide. (Preparation of a histogram is, of
course, not required for the statistical ana-
lysis of the data.)

The arithmetic mean or average t of the
n = 20 observations calculated according to

equation (3) ist = 100,145 °C = 100,14 °C
and is assumed to be the best estimate of
the expectation u,. of t based on the avail-
able data. The experimental standard de-
viation s(t,) calculated from equation (4) is
s(t) = 1,489 °C= 1,49 °C, and the experimen-

tal standard deviation of the mean s(t)
calculated from equation (5), which is the
standard

uncertainty u(t) of the mean t, is

u(t) =s(t)=s(t)/v20 = 0,333 °C=~ 0,33 °C.
(For further calculations, it is likely that all
of the digits would be retained.)

NOTE

Although the data in table 1 are not implausible
considering the widespread use of high-resolution
digital electronic thermometers, they are for illustra-
tive purposes and should not necessarily be interpre-
ted as describing a real measurement.
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Tabulka 1 - Dvacet opakovanych pozorovani teploty t seskupenych v intervalech 1 °C

Table 1 - Twenty repeated observations of the temperature t grouped in 1 °C intervals

Teplota
Interval
Temperature
t,<t<t,
t/°C
t/°C t/°C
94,5 95,5 -
95,5 96,5 -
96,5 97,5 96,90
97,5 98,5 98,18; 98,25
98,5 99,5 98,61; 99,03; 99,49
99,5 100,5 99,56; 99,74; 99,89; 100,07; 100,33; 100,42
100,5 101,5 100,68; 100,95; 101,11; 101,20
101,5 102,5 101,57; 101,84; 102,36
102,5 103,5 102,72
103,5 104,5 -
104,5 105,5 -
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Obrazek 1 - Grafické znazornéni vypoctu standardni nejistoty vstupni veli¢iny
z opakovanych pozorovani

Figure 1 - Graphical illustration of evaluating the standard uncertainty of an input
quantity from repeated observation
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Obrazek 2 - Grafické znazornéni vypoctu standardni nejistoty vstupni velic¢iny
z apriorniho rozdéleni

Figure 2 — Graphical illustration of evaluating the standard uncertainty of an input
quantity from an a priori distribution
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4.4.4 Obrazek 2 znazornuje odhad hod-
noty vstupni veli¢iny X; a hodnoceni nejis-
toty tohoto odhadu z apriorniho rozdéleni
moznych hodnot X nebo rozdéleni pravdé-
podobnosti X. zaloZzeném na viech dostup-
nych informacich. Pfi znazornéni obou pfi-
padl se predpoklada, ze vstupni veli¢ina je
opét teplota t.

4.4.5 V pripadé zndzornéném na obrazku
2a se predpoklada, ze je velmi malo infor-
maci dostupnych ohledné vstupni veliciny t.
Vse, co Ize udélat, je to, Ze se predpoklada,
Ze t ma symetrické pravouhlé apriorni roz-
déleni pravdépodobnosti majici dolni mez
a_96 °Ca horni mez a, = 104 °C a tedy po-
lovicni Sitka a = (a, —a )/2 = 4 °C (viz 4.3.7).
Hustota pravdépodobnosti t je tedy
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4.4.4 Figure 2 represents the estimation
of the value of an input quantity X. and
the evaluation of the uncertainty of that
estimate from an a priori distribution of
possible values of X, or probability distri-
bution of X, based on all of the available
information. For both cases shown, the in-
put quantity is again assumed to be a tem-
perature t.

4.4.5 For the case illustrated in figure 2a,
it is assumed that little information is avai-
lable about the input quantity t and that
all one can do is suppose that t is described
by a symmetric, rectangular a priori proba-
bility distribution of lower bound a_= 96 °C,
upper bound a, = 104 °C, and thus half-width
a=(a,—a)2=4°C(see 4.3.7). The probability
density function of t is then

p(t)=12aproa <t<a,

p(t) = 0 ve viech ostatnich pripadech.

Jak je uvedeno v 4.3.7, nejlepsi odhad
proménné t je jeji oCekavand hodnota
U, =(a,+a)2=100°C. Toto vyplyvd z C.3.1.
Standardni nejistota tohoto odhadu je

u(u) = a3 = 2,3 °C, coz vyplyva ze C.3.2
[viz rovnice (7)].

4.4.6 V pfipadé znazornéném na obrazku
2b, se predpoklada, ze dostupné informace
ohledné proménné t jsou méné limitovany
a ze t muze byt popsano symetrickym troj-
uhelnikovym apriorinim rozdélnim, maji-
cim stejnou dolni mez a_= 96 °C, stejnou horni
mez a_= 104 °C, a tedy stejnou polovi¢ni if-
kua=(a,—a)l2 =4°Cjako je v 4.4.5 (viz
4.3.9). Hustota pravdépodobnosti t je tedy

p(t) = 0, otherwise.

As indicated in 4.3.7, the best estimate of
tis its expectation u, = (a, + a)/2 = 100 °C,
which follows from C.3.1. The stan-
dard uncertainty of this estimate is

u(u) =a /3 = 2,3 °C, which follows from
C.3.2 [see equation (7)].

4.4.6 For the caseillustrated in figure 2b, it
is assumed that the available information
concerning t is less limited and that t can
be described by a symmetric, triangular
a priori probability distribution of the same
lower bound a_ = 96.°C, the same upper
bound a, = 104 °C, and thus the same half-
width a = (a, —a)/2 =4 °Cas in 4.4.5 (see
4.3.9). The probability density function of
tis then

p(t)=(t-a)/a*a <t<(a,+a)/2
p(t)=(a,-t)/a% (a,+a)/2<t<a,
p(t) = 0, ve vSech ostatnich pripadech.

otherwise.

Jak je uvedeno v 4.3.9, o¢ekdvand hodnota
proménné tje u,=(a, +a)/ 2 =100 °C, ktera
vyplyva z C.3.1.

Standardni nejistota tohoto odhadu je
u(u) =a/ 6 = 1,6 °C, coz vyplyva z C.3.2
[viz rovnice (9b)].

As indicated in 4.3.9, the expectation of tis
u,=(a, +a)l2=100 °C, which follows from
C.3.1.

The standard uncertainty of this estimate is
u(u) = a/ 6 = 1,6 °C, which follows from
C.3.2 [see equation (9b)].
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Tuto vy3e uvedenou hodnotu u(u,) = 1,6 °C
je dovoleno porovnavat s u(u) = 2,3 °C
ziskanou v 4.4.5 z pravouhlého rozdéleni se
stejnou 8 °C Sitkou; s o = 1,5 °C normalniho
rozdéleni na obrazku 1a, jehoz Sirka od
-2,58 0 do +2,58 ¢ obsahne 99 % rozdéle-

ni, je skoro 8 °C; a's u(t) = 0,33 °C ziskanou
v 4.4.3 z 20 nahodnych pozorovani z téhoz
normalniho rozdéleni.
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The above value, u(u,) = 1,6 °C, may be
compared with u(u) = 2,3 °C obtained in
4.4.5 from a rectangular distribution of the
same 8 °C width; with ¢ = 1,5 °C of the nor-
mal distribution of figure la whose —-2,58 o
to +2,58 o width, which encompasses
99 percent of the distribution, is nearly

8 °C; and with u(¢) = 0,33 °C obtained in
4,43 from 20 observations assumed to
have been taken randomly from the same
normal distribution.

50



5 URCENIi KOMBINOVANE STANDARDNI
NEJISTOTY

5.1 Nekorelované vstupni velic¢iny

Tato cast se zabyva vstupnimi veli¢ina-
mi, které jsou navzajem nezavislé (C.3.7).
Pfipad, kde dvé nebo vice vstupnich veli-
¢in jsou pfibuzné, tj. jsou navzajem zavislé
nebo korelované (C.2.8), je vysvétlen v 5.2.
5.1.1 Standardni nejistota y, kde y je od-
had mérené veliciny Y a tedy vysledek mére-
ni, je ziskana vhodnou kombinaci standard-
nich nejistot odhadu vstupt x,, x,, ..., x, (viz
4.1). Tato kombinova standardni nejistota
odhadu y je oznacena u (y).

POZNAMKA
Z podobnych davodd, jaké jsou uvedeny v poznamce

k 4.3.1, jsou znatky ufy) a ui(y) pouzity ve viech
pripadech.

5.1.2 Kombinovand standardni nejistota
u(y) je kladna hodnota druhé odmocniny

kombinovaného rozptylu u?(y), ktery je
ziskan z

u(y) = Z[%} u*(x;)

kde f je funkce dana rovnici (1). Kazda u(x)
je standardni nejistota vyhodnocend jak
je popsdno v 4.2 (hodnoceni zplsobem A)
nebo v 4.3 (hodnoceni zpusobem B).
Kombinovana standardni nejistota u(y) je
odhad smérodatné odchylky a charakterizu-
je rozptyleni hodnot, které by mohly odu-
vodnéné byt prifazeny mérené veli¢iné Y
(viz 2.2.3).

Rovnice (10) a jeji protéjsek pro korelované
vstupni veliciny, rovnice (13), jsou obé zalo-
Zeny na aproximaci linearni Taylorovy rfady
pro Y = f(X,, X,, ..., X,), vyjadtujici to, co je
v tomto pokynu zakon o Sifeni nejistoty (viz
E.3.1aE.3.2).
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5 DETERMINING COMBINED STANDARD
UNCERTAINTY

5.1 Uncorrelated input quantities

This subclause treats the case where all in-
put quantities are independent (C.3.7). The
case where two or more input quantities
are related, that is, are interdependent or
correlated (C.2.8), is discussed in 5.2.

5.1.1 The standard uncertainty of y, where
y is the estimate of the measurand Y and thus
the result of the measurement, is obtained
by appropriately combining the standard un-

certainties of the input estimates x,, x, ..., X,

(see 4.1). This combined standard uncer-
tainly of the estimate y is denoted by u (y).

NOTE
For reasons similar to those given in the note to 4.3.1,

the symbols u (y) and uﬁ(y) are used in all cases.

5.1.2 The combined standard uncertainty
u (y) is the positive square root of the com-

bined variance, u?(y) which is given by

i

(10)
where f is the function given in equation
(1). Each u(x) is a standard uncertainty
evaluated as described in 4.2 (Type A.
evaluation) or as in 4.3 (Type B evaluation).
The combined standard uncertainty u (y)
an estimated standard deviation and char-
acterizes the dispersion of the values that

could reasonably be attributed to the inea-
surand Y (see 2.2.3).

Equation (10) and its counterpart for
correlated input quantities, equation
(13), both of which are based on a first-
order Taylor series approximation of
Y= f(X, X, ... X,), express what is’ termed
in this Guide the law of propagation of un-
certainly (see E.3.1 and E.3.2).
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POZNAMKA
Pokud je nelinearita f vyznamna, ¢leny vy3siho rfadu
rozsifené Taylorovy fady musi byt zahrnuty do vyrazu

pro u2(y), rovnice (10). KdyZ rozdéleni kazdé X, je sy-
metrické kolem své stfedni hodnoty, pak nejdulezitéj-
simi ¢leny vyssiho radu, které jsou pridany k ¢lendm
rovnice (10), jsou

of
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NOTE
When the nonlinearity of f is significant, higher-
order terms in the Taylor series expansion must be

included in the expression for u2(y), equation (10).
When the distribution of each X, is symmetric about
its mean, the most important terms of next highest
order to be added to the terms of equation (10) are

o3 f

2
ZN:ZN: 1[ o°f }
— +
=G 2| ox,0x;
Priklad situace, kde prispévek clent vyssiho radu

k 2(y)je nutné brat v Gvahu, viz H.1.

5.1.3 Parcialni derivace 0f/ox. jsou rovny
0floX. vyhodnocené z X, = x. (viz niZze uve-
dend poznamka 1). Tyto derivace, casto
znacCené jako koeficienty citlivosti, vysvét-
luji, jak se odhad vystupu y méni v zavislosti
na zménach hodnot vstupnich odhadi x,,

X, .o Xy ZVI&5t€ zména y vytvofena maly-

mi zménami Ax, odhadu vstupu x, je dana
vztahem (Ay) = (0f/ox)(Ax). Jestlize tato
zména je vytvarena standardni nejistotou od-
hadu x, pak odpovidajici rozptyl y je (0f/ox)

u(x). Kombinovany rozptyl u?(y) muze
byt zndzornén jako soucet ¢lend, z nichz
kazdy vyjadfuje rozptyl pfislusny odhadu
vystupu y, vytvoreny odhadem rozptylu pfi-
slusného odhadu vstupu x.. To vede k zapisu
rovnice (10)

ui(y)= i[C,-U(X,-)]Z = iu,-z ()

OX; Ox,0x

]UZ(X/)UZ(X,-)

See H.1 for an example of a situation where the con-

tribution of higher-order terms to 2(y) needs to be
considered.

5.1.3 The partial derivatives 0Of/ox, are
equal to 0f/0X; evaluated at X = x; (see note 1
below). These derivatives, often called sen-
sitivity coefficients, describe how the out-
put estimate y varies with changes in the
values of the input estimates x,, x,, ..., x,.
In particular, the change in y produced by
a small change Ax, in input estimate x, is
given by (Ay), = (6f/0x)(Ax). If this change
is generated by the standard uncertain-
ty of the estimate x, the corresponding
variation in y is (0f/ox)u(x). The combined

variance u?(y)can therefore be viewed as
a sum of terms, each of which represents
the estimated variance associated with
the output estimate y generated by the es-
timated variance associated with each input
estimate x.. This suggests writing equation
(10) as

(11a)
kde where
¢, = oflox, uly) = Icl u(x)
(11b)
POZNAMKY NOTES

1 Presné feceno, parcialni derivace of/ox, = df/oX,
jsou hodnoceny z predpokladanych hodnot X.
Avsak v praxi jsou parcialni derivace odhadnuty
nasledné:

1 Strictly speaking, the partial derivatives are
oflox, = 0f/oX; evaluated at the expectations of
the X. However, in practice, the partial deriva-
tives are estimated by
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of _of
0X; 5)(,- XX . XN
2 Kombinovanou standardni nejistotu u (y) je do- 2 The combined standard uncertainty u(y) may
voleno ¢iselné vypocitat nahrazenim cu(x) v rov- be calculated numerically by replacing cu(x) in
nici (11a) equation (11a) with

2= o o) At = ) )

Tedy u/(y) je Ciselné ur¢ena vypoctem zmén y z divo- That is, u(y) is evaluated numerically by calculating
du zmény x, a to jak kladné zmeény +u(x), tak zapor- the change in y due to a change in x; of + u(x) and
né zmény -u(x). Hodnota u(y) mGze byt bréna jako of —u(x). The value of u(y) may then be taken as IZ|
IZ| a hodnota odpovidajiciho koeficientu citlivosti c, and the value of the corresponding sensitivity coef-
jako Z/u(x). ficient ¢, as Z/u(x).

PRIKLAD EXAMPLE

Pro pfiklad v 4.1.1 jsou pouzity stejné znacky pro ve- For the example of 4.1.1, using the same symbol for
licinu a jeji odhad a to z duvodu zjednoduseni oznaco- both the quantity and its estimate for simplicity of
vani, notation,

¢, = 0PIOV = 2VAR[1 + alt - t)]} = 2PIV
¢, = 0PIoR,= V2 L R [1 + alt - t)]} = ~PIR,
¢, = 0Ploo = =V (t - t)AR[1 + o (t - t.)]%}
= —P(t—t)/ [1 + alt - t)]
¢, = 0P/ ot = ~V2al{R [1 + aft — t )]}

=—Pal[1 + ot - t,)]

a and
2 _ 22 2 iz 2 EZ 2 @2 2
u(P) = {av} u (V){aRJ u (R"){aa} u (a){at} ui(t)

= [c, u)? + [, u(RYI? + [c, u(@)]? + [c, u(D)]?

= U7 (P)+ 3 (P)+ U5 (P)+ U (P)
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5.1.4 Misto vypoctu z funkce f, jsou koefi-
cienty citlivosti of/ox, nékdy urcovéany experi-
mentalné mirou zmény Y vyvolané zménami
jednotlivych X, zatimco zbyvajici vstupni
velic¢iny se udrzuji konstantni. V tomto pfi-
padé, znalost funkce f (nebo jeji ¢asti, kdyz
jsou takto urcovany pouze nékteré Cinitele
citlivosti) je odpovidajicim zpUsobem re-
dukovana na empirickém rozvoji linearni
Taylorovy fady postaveném na zakladé mé-
reni koeficientu citlivosti.

5.1.5 Jestlize rovnice (1) pro mérené ve-
liciny Y je rozdifena o jmenovité hodnoty
X., vstupnich veli¢in X, potom v pfipadé
prvniho priblizeni (které je obvykle pova-
Zovano za adekvatni aproximaci) Y=Y, +
C,0,+C,0,+..4+C,0, je Y = f(X1 o X o XN,O)’
= (0f/ox) vyhodnocené pfi hodnotach
X.=X,,a0,=X - X, Proto pro ucely analy-
zy nejistoty je mérena veli¢ina obvykle vyjad-
fena pomoci linedrni funkce svych promén-
nych a to transformaci vstupnich veli¢in z X
do g, (viz E.3.1).
PRIKLAD
Podle prikladu 2 v 4.3.7 je odhad hodnoty mé-
fené velicing V= V + AV, kde V = 0,928 571V,
u(T/) =12V, pfidana korekceA V =0a u(A T/) =8,7 uV.

Jelikoz oVIO V =1 a 8V/6(AT/) = 1, pak kombinovany
rozptyl pfislusny k V je dan

c
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5.1.4 Instead of being calculated from
the function f, sensitivity coefficients 0f/ox,
are sometimes determined experimentally:
one measures the change in Y produced by
a change in a particular X, while holding the
remaining input quantities constant. In
this case, the knowledge of the function f
(or a portion of it when only several sen-
sitivity coefficients are so determined) is ac-
cordingly reduced to an empirical first-order
Taylor series expansion based on the mea-
sured, sensitivity coefficients.

5.1.5 If equation (1) for the measurand
Y is expanded about nominal values X, of
the input quantities X, then, to first order
(which is usually an adequate approxima-
tion), Y=Y, +c 6,+¢0,+... +C, I, where
Y,= f(X1 o X g XMO), ¢,=(0f/ox) evaluated at
X =X, and J, = X, =X Thus, for the pur-
poses of an analysis of uncertainty, a mea-
surand is usually approximated by a linear
function of its variables by transforming
its: input quantities from X, to J, (see E.3.1).

EXAMPLE
From example 2 of 4.3.7, the estimate of the value of the

measurand Vis V= V + A T/ where V = 0,928 571V,
u(T/) = 12 pV, the additive correction A V= 0, and

uA V) =87 pV. Since oVI0 V = 1 and aV/o(A V) = 1
the combined associated with Vis given by

(V) =P(V)+ U (AV) = (12 uV)* +(8,7 uv)?

=219x 1072 V2

a kombinovana standardni nejistota je u (V) = 15 pV,
ktera odpovida relativni kombinované standard-
ni nejistoté u (V)/V rovnajici se 16 x 107 (viz 5.1.6).
To je pfipad, kde mérend veli¢ina je jiz linear-
ni funkci veli¢in, na kterych je zavisld a to s ko-
eficientem ¢, = +1. Z rovnice (10) vyplyva, jetlize
Y=c¢X +cX, + ..+ X, akonstanty ¢, + 1 nebo

Z/1U(X)

5.1.6 Pokud ma Y tvar Y =cXP X, .. XE
a jsou znamy exponenty p. jako kladna nebo
zaporna cisla, kerd maji zanedbatelné nejis-
toty, pak kombinovany rozptyl, rovnice (10),
muze byt vyjadien ndsledovné:

-1, potom u

the combined standard uncertainty is u (V) = 15 pV,
which corresponds to a relative combined standard
uncertainty u(V)/V of 16 x 10° (see 5.1.6). This is
an example of the case where the measurand is al-
ready a linear function of the quantities on which it
depends, with coefficients ¢, = + 1. It follows from
equation(10) thatif Y=c X, + ¢, X, + ... + ¢ X and if

2,1U

5.1.6 IfYisoftheform Y =cXP X, .. XM
and the exponents p, are known positive or
negative numbers having negligible uncer-
tainties, the combined variance, equation
(10), can be expressed as

the constants ¢,= +1 or -1, then uﬁ(y)
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lu(y)/yF

Tato rovnice ma stejny tvar jako rovnice

(11a), ale s kombinovanym rozptylem 42(y)
vyjadfenym jako relativni kombinovany
rozptyl [u (y)/y]* a odhad rozptylu u*(x) spo-
jeny s kazdym odhadem vstupu vyjadienym
jako odhad relativniho rozptylu [u(x)/x]*.
[Relativni kombinovana standardni nejisto-
ta je u (y)/lyl a relativni standardni nejistota
kaZzdého odhadu vstupu je u(x)/Ix| s Iyl # 0
alx| = 0].
POZNAMKY
1 Pokud ma Y tento tvar, jeho tranformace na
linearni funkci veli¢in (viz 5.1.5) byla jiz dosaze-
na dosazenim X, = X, (1 + d), pak nasledujici apro-

ximadni vztah vznika: (Y - Y)Y, :ZfL po;. Na
druhé strané,

logaritmicka transformace Z=In Y'a W, = In X, vede
k presné linearizaci ve smyslu novych proménnych:

Z=Inc+ 2511 PV,

2 Jestlize kazda p,je rovna bud' +1 nebo -1, tak rov-

nice (12) se méni na [u (y)/y]? =Zﬁ1 [ulx)/x]?,

kterd ukazuje, Ze pro tento zvlastni pripad rela-
tivni kombinovany rozptyl spojeny s odhadem
y se jednoduse rovna souctu relativnich rozptyld
spojenych se vstupnimi odhady x..

5.2 Korelované vstupni veli¢iny

5.2.1 Rovnice (10) a ostatni, které jsou
z nich odvozovany jako napfiklad rovnice
(11) a (12) jsou platné pouze v pfipadég, ze
vstupni veli¢iny X jsou nezavislé nebo ne-
korelované (ndhodné velic¢iny a nefyzikalni
veli¢iny, o kterych se predpoklada, Ze jsou
neménné — viz 4.1.1, poznamka 1). Jestli
nékteré z X jsou vyznamné korelované, tak

korelace musi byt brana v tvahu.
5.2.2 Pokud jsou vstupni veli¢iny korelo-
vané, tak nejvhodnéjsi vyjadreni kombino-

vaného rozptylu u’(y) spojeného s vysled-
kem méreni je
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N
z[piu(xi)/xi]z
i=1
(12)
This is of the same form as equation (11a)

but with the combined variance /2(y) ex-
pressed as a relative combined variance
[u()/y]* and the estimated variance u*(x)
associated with each input estimate ex-
pressed as an estimated relative variance
[u(x)/x]>. [The relative combined standard
uncertainty is u (y)/lyl and the relative stan-
dard uncertainly of each input estimate is
u(x)/Ix], Iyl # 0 and Ix| = 0.
NOTES
1 When Y has this form, its transformation to a li-
near function of variables (see 5.1.5) is readily
achieved by setting X, = X, (1 + J), for then the
following approximate relation results: (Y - Y )/Y,

:ZI/.\:’1 p,5;- On the other hand, the logarithmic

transformation Z=1In Y and W, = InX; leads to an
exact linearization in terms of the new variables:

Z=Inc+ Zf;p/l/l/,.

2 If each p, is either +1 or -1, equation (12) be-

comes [u (y)ly]? :ZfL [ulx)/x]?, which shows

that for this special case the relative combined
variance associated with the estimate y is simply
equal to the sum of the estimated relative vari-
ances associated with the input estimates x..

5.2 Correlated input quantities

5.2.1 Equation (10) and those derived
from it such as equations (11) and (12) are
valid only if the input quantities X are in-
dependent or uncorrelated. (the random
variables, not the physical quantities that
are assumed to be invariants — see 4.1.1,
note 1). If some of the X, are significantly

correlated, the correlations must be taken
into account.

5.2.2 When the input quantities are cor-
related, the appropriate expression for the

combined variance u’(y) associated with
the result of a measurement is
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U<Y=ii

i=1 j=1

of
a——(,, x) =Y

i=1

kde x. a X; jsou odhady X: a XJ a ulx, xj.) =
u(xj, x) je odhad kovariance k x; and X;.
Stupen korelace mezi x; a x; je charakteri-

zovan odhadem korela¢niho koeficientu
(C.3.6)

r(x,.,xj):

kde r(x, xj) = r(xj, x), a -1 < rix, xj) < +1
Jestlize odhady x; a x; jsou nezavislé, tak
r(x, x) = 0 a zména jednoho nevyvolava
predpoklddanou zménu druhého (viz dalsi
vysvétleniv C.2.8, C.3.6 a C.3.7).

Pomoci korela¢nich koeficient(l, které jsou
snadnéji vysvétlitelné nez kovariance, je
¢len kovariance v rovnici (13) dovoleno psat
takto

of of

>

I1jl+1

Z rovnice (13) bude za pomoci rovnice (11b)

u2

C

=3

i=1

POZNAMKY

1 Ve zvlastnim pfipadé, kde viechny odhady vstu-
pG jsou korelované s korela¢nimi koeficienty
r(x, xj) = +1, rovnice (16) se redukuje na

()= {Zcu(x )}

+222c

i=1 j=i+1
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5]

where x; and x; are the estimates of X; and
X, and u(x, x) = u(x; x) is the estimated co-
variance associated x; and x.. The degree of
correlation between x, and x; is character-

ized by the estimated correlation coeffi-
cient (C.3.6)

N

u’(x,) + Zzz

l1jl+1

of af
LT uxx;)

u(x,.,x/.)
u(x;) u(x;)

(14)
where r(x, xj) = r(xj, x), and -1 <r(x, xj) <+1.
If the estimates x; and x; are independent,
r(x, xj) = 0, and a change in one does not

imply an expected change in the other.
(See C.2.8, C.3.6, and C.3.7 for further
discussion.)

In terms of correlation coefficients, which
are more readily interpreted than cova-
riances, the covariance term of equation
(13) may be written as

——u(x ) u(x ) r(x,,x )

(15)

Equation (13) then becomes, with the aid
of equation (11b),

u(x; )r(x,,x )

(16)

NOTES

1 For the very special case where all of the input esti-
mates are correlated with correlation coefficients
r(x, xj) =+ 1, equation (16) reduces to

[site]
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Kombinovana standardni nejistota u(y) je tedy
jednoduse linedrni soucet ¢lenl vyjadfujici rozptyl
vystupniho odhadu y, vytvorfeny standardni nejisto-
tou kazdého vstupniho odhadu x, (viz 5.1.3). [Tento
linedrni soucet se nema zamériovat s podobnyn vy-
razem zakona o rozsifeni chyb, i kdyz ma stejny tvar;
standardni nejistoty nejsou chyby (viz E.3.2).]

PRIKLAD

Deset rezistorll, kazdy s jmenovitym odporem
R, = 1 000 Q, bylo kalibrovano se zanedbatelnou
nejistotou v porovnani se stejnym etalonovym re-
zistorem R, 1 000 Q, charakterizovanym standardni
nejistotou u(R,) = 100 mQ, jak je uvedeno v jeho ka-
libracnim certifikatu. Rezistory jsou spojené do serie
dratem, ktery ma zanedbatelny odpor, aby se ziskal
referencni odpor R s jmenovitou hodnotou 10 kQ.

Tedy R, = f(R) = Z]ﬂ R. Dokud plati, ze r(x, x) =

rR, Rj.) =+1pro kazdy par rezistoru (viz F.1.2.3, priklad 2),
plati rovnice této poznamky. Pokud pro kazdy re-
zistor plati of/ox,= 0R _JOR, = 1 a u(x) = u(R) = u(R)
(viz F1.2.3, priklad 2), tak rovnice poskytuje
pro R_ kombinovanou standardni nejistotu u(R_)

=D B u(R) = 10 x (100 mO) = 1 Q. Vysledek uR,)
= [Z:S,Uz (RS)T/Z = 0,32 Q ziskany pomoci rovnice (10)

je nespravny, protoze nebere v Uvahu, Ze viechny ka-
librované hodnoty deseti rezistorU jsou korelované.

2 Odhadnuté rozptyly u*(x) a odhady kovarianci
u(x, x) mohou byt povazovany za &leny kovari-
ancni matice majici ¢leny u,. Diagonalni cleny
matice u, jsou rozptyly u*(x), zatimco ostatni
¢leny mimo diagonalu u; (i # j) jsou kovariance
u(x, xj.) = u(xj, x). Jestlize dva odhady vstupl jsou
nekorelované, pak jejich pfislusna kovariance a od-
povidajici ¢leny u; a u; kovarian¢ni matice jsou nu-
lové. Jestlize vstupni odhady jsou viechny nekore-
lované, pak vsechny ¢leny mimo diagondlu jsou
nulové a kovarian¢ni matice je diagonalni. (Viz
také C.3.5).

3 Pro ucely ¢iselného hodnoceni je dovoleno rovni-
ci (16) psat takto
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The combined standard uncertainty u (y) is thus sim-
ply a linear sum of terms representing the variation
of the output estimate y generated by the standard
uncertainty of each input estimate x, (see 5.1.3). [This
linear sum should not be confused with the general
law of error propagation although it has a similar
form; standard uncertainties are not errors (see
E.3.2).]

EXAMPLE

Ten resistors, each of nominal resistance
R, =1 000 Q, are calibrated with a negligible uncer-
tainty of comparison in terms of the same 1 000 Q
standard resistor R, characterized by a standard un-
certainty u(R;) = 100 mQ as given in its calibration
certificate. The resistors are connected in series with
wires having negligible resistance in order to obtain
a reference resistance R . of nominal value 10 kQ.

Thus R, =f(R) =) 1% R, Since r(x, x) = r(R, R)

= +1 for each resistor pair (see F.1.2.3, example 2), the
equation of this note applies. Since for each resistor
Oflox,=0R _JoR.=1,and u(x) = u(R) = u(R,) (see F.1.2.3,
example 2), that equation yields for the combined

standard uncertainty of R, u(R_) :Z}ﬂ u(R) =

i=1

10x(100mQ) = 1Q. The resultu (R ) =[ 3 v* (R) |

=0,32 Q obtained from equation (10) is incorrect be-
cause it does not take into account that all of the
calibrated values of the ten resistors are correlated.

2 The estimated variances u*(x) and estimated covari-
ances u(x, x) may be considered as the elements of
a covariance matrix with elements u,. The diago-
nal elements u, of the matrix are the variances
u?(x), while the off-diagonal elements u; (i #j)
are the covariances u(x, x/.) = u(x/., x). If two input
estimates are uncorrelated, their associated cova-
riance and the corresponding elements u; and u;
of the covariance matrix are 0. If the input esti-
mates are all uncorrelated, all of the off-diagonal
elements are zero and the covariance matrix is
diagonal. (See also C.3.5.)

3 For the purposes of numerical evaluation, equa-
tion (16) may be written as

N N
=D 2Zr(x.x))

=1 j=1

kde Z je uvedeno v 5.1.3, poznédmka 2.

4 Jestlize X specialniho tvaru uvazovaného v 5.1.6
jsou korelované, pak nasledujici ¢leny

where Z is given in 5.1.3, note 2.

4 If the X, of the special form considered in 5.1.6
are correlated, then the terms
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N-1 N
2> D [pulx) 1 x1pulx))] X1 rix, %))

=1 j=i+1
musi byt pficteny k pravé strané rovnice (12):

5.2.3 Uvazuji se dva aritmetické prlméry
qg a r, které odhaduji otekdvané hodno-
ty u, a u, dvou nahodile proménnych veli-
¢in g ar adovoluji g a r vypocitat z n ne-
zavislych part soucasnych pozorovani q a r
provedenych za stejnych podminek méreni

(viz B.2.15). Potom kovariance (vizC.3.4) z q
a r je odhanuta podle

s(q.r) =

must be added to the right-hand side of equa-
tion (12).

5.2.3 Consider two arithmetic means g and
r that estimate the expectations u_and u, of
two randomly varying quantities g and r, and

let g and r be calculated from n indepen-
dent pairs of simultaneous observations of g
and r made under the same conditions of
measurement (see B.2.15). Then the covari-

ance (see C.3.4) of g and r is estimated by

S (g, - )r, —F)

nn-1)%

kde g, a r, _jsou jednotliva pozorovani veli-
¢ingar, g ar jsouvypocitany z pozorovani
podle rovnice (3). Jestlize pozorovani jsou
ve skutecnosti nekorelovand, pak se o¢eka-
va, ze vypocitana hodnota kovariance bude
blizka nule.

Tedy odhad kovariance dvou korelovanych
vstupnich veli¢in X, a Xj které jsou odhad-

nuty z pramért X; a X, uréeno z parti neza-
vislych opakovanych soucasnych pozorovani,
je dan rovnici u(x, x/.) = 5(7,-, Y,—), SS(Y;, Y,-)
vypocitanou podle rovnice (17). Pouziti

rovnice (17) je hodnoceni kovariance zpu-
sobem A. Odhad koeficientu korelace

pro Xi a X; je ziskan z rovnice (14):
rix, x) = r(Xi, X;) =s(Xi, X;)/Is(X:)s(X)].

POZNAMKA

Priklady, kde je nutno pouzit kovariance, jak jsou
vypocitany z rovnice (17) jsou uvedeny v pfiloze H.2
aH.4.

(17)
Where q, and r, are the individual observa-

tions of the quantities g and r, and g and
r are calculated from the observations ac-
cording to equation (3). If in fact the ob-
servations are uncorrelated, the calculated
covariance is expected to be near 0.

Thus the estimated covariance of two cor-
related input quantities X and X that are

estimated by the means X; and X; deter-
mined from independent pairs of repeated si-
multaneous observations is given by ulx, x) =
s(Xi, X;), with s(Xi, X,) calculated accord-
ing to equation (17). Thisapplication of equa-
tion (17) is a Type A evaluation of covariance.
The estimated correlation coefficient of X;
and X; is obtained from equation (14):
rix, x) = r(Xi, X;)=s(Xi, X;)Ms(X:)s(X))].
NOTE

Examples where it is necessary to use covariances as

calculated from equation (17) are given in H.2 and
H.4.
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5.2.4 Vyznamna korelace je dovolena
mezi dvéma vstupnimi veli¢inami, jestlize
bude pouzit pfi jejim urceni stejny méfici
pristroj, shodné fyzikalni méreni etalonu
nebo shodné referenéni hodnoty, které maji
vyznamnou standardni nejistotu. Napfriklad,
jestlize urcity teplomér je pouzit pro uréeni
teplotni korekce potrebné pri odhadu hod-
noty vstupni veli¢iny X a stejny teplomér je
pouzit pro uréeni podobné teplotni korek-
ce potrebné pfi odhadu hodnoty vstupni
veli¢iny X, pak obé vstupni veli¢iny mohou
byt vyznamné korelované. Korelace mezi
X; a X, je odstranéna, jestlize X; a X, jsou
v tomto prikladu znovu stanovené, aby byly
nekorigovanymi veli¢inami a veli¢iny, které
jsou urceny pomoci kalibrac¢ni krivky teplo-
méru, jsou zahrnuty jako dodatecné vstup-
ni veli¢iny s nezavislymi standardnimi nejis-
totami. (Viz dalsi vyklad v F.1.2.3 a F.1.2.4).

5.2.5 Korelace mezi vstupnimi veli¢ina-
mi nemohou byt ignorovany, jestlize existuji
a jsou vyznamné. Prislusna kovariance ma byt
vyhodnocend experimentalné, pokud moz-
no zménami korelovanych vstupnich velic¢in
(viz C.3.6, poznamka 3) nebo pomoci do-
stupnych informaci ohledné korelacni pro-
ménlivosti predmétnych veli¢in (vyhodnoceni
kovariance zplsobem B). Prehled postaveny
na zkusenosti a obecné znalosti (viz 4.3.1
a 4.3.2) je zvlasté potrebny, kdyz se provadi
odhad urovné korelace mezi vstupnimi ve-
li¢cinami, vznikajici vlivem spole¢ného ovliv-
néni veli¢in jako je teplota okoli, atmosfé-
ricky tlak a vlhkost. V. mnoha pripadech mayji
efekty takovych vlivi zanedbatelnou vza-
jemnou zavislost. Proto ovlivnéné vstupni
veli¢iny mohou byt pokladané za nekorelova-
né. Jestlize se vSak nemuze predpokladat,
Ze jsou nekorelované, korelace samy sebe
mohou zbavit ucinnosti, pokud spole¢né
vlivy jsou zavedeny jako pfidané nezavislé
vstupni veliciny, jak je uvedeno v 5.2.4.
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5.2.4 There may be significant correlation
between two input quantities if the same
measuring instrument, physical measure-
ment standard, or reference datum having
a significant standard uncertainty is used in
their determination. For example, if a certain
thermometer is used to determine a tempe-
rature correction required in the estimation
of the value of input quantity X, and the
same thermometer is used to determine
a similar temperature correction required
in the estimation of input quantity X, the
two input quantities could be significant-
ly correlated. However, if X, and Xj in this
example are redefined to be the uncorrected
quantities and the quantities that define
the calibration curve for the thermometer
are included as additional input quantities
with independent standard uncertainties,
the correlation between X and X is re-
moved. (See F. 1.2.3 and F. 1. 2.4 for {‘urther
discussion.)

5.2.5 Correlations between input quanti-
ties cannot be ignored if present and sig-
nificant. The associated covariances should
be evaluated experimentally if feasible by
varying the correlated input quantities
(see C.3.6, note 3), or by using the pooi
of available information on the correlated
variability of the quantities in question (Type
B evaluation of covariance). Insight based on
experience and general knowledge (see
4.3.1 and 4.3.2) is especially required when
estimating the degree of correlation be-
tween input quantities arising from the ef-
fects of common influences, such as ambient
temperature, barometric pressure, and humid-
ity. Fortunately, in many cases, the effects
of such influences have negligible inter-
dependence and the affected input quan-
tities can be assumed to be uncorrelated.
However, if they cannot be assumed to be
uncorrelated, the correlations themselves
can be avoided if the common influences
are introduced as additional independent
input quantities as indicated in 5.2.4.
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6 Urceni rozsifené nejistoty
6.1 Uvod

6.1.1 Doporuceni INC-1 (1980) pracovni
skupiny pro vyjadreni nejistoty na jejichz
zadkladé byl vypracovan tento pokyn (viz
uvod) a doporuceni 1 (CI-1981) a 1 (CI-1986)
vypracované CIPM, ktera odsouhlasila
a znovu potvrdila zavéry INC-1 (1980) (viz
A.2 a A.3), obhajuji pouziti kombinované
standardni nejistoty u(y) jako parametru
pro kvantitativni vyjaddreni nejistoty vysled-
ku méreni. Ovsem ve svém druhém dopo-
ru¢eni CIPM pozadoval, aby to, co je nyni
pojmenovano kombinovana standardni
nejistota u (y) bylo uZivano ,v3emi zucast-
nénymi v pfipadé podavani vysledktd mezi-
narodnich porovnani nebo jakychkoliv dal-
Sich praci provedenych ve spolupraci s CIPM
a konzulta¢nimi komisemi”.

6.1.2 PrestoZe u(y) maGzZe byt univerzalné
pouzita pro vyjadieni nejistoty vysledku
méreni, v nékterych obchodnich, prdmys-
lovych a provadécich aplikacich a pokud se
to tyka zdravotnictvi a bezpecnosti, je Cas-
to dllezité uvadét méreni nejistoty, které
urcuje interval okolo vysledku méreni, ve
kterém se mUze predpokladat, Ze obsahu-
je velky podil rozdéleni hodnot, které by
mohly oddvodnitelné byt pfifazeny mére-
né veli¢iné. Existence takového poZzadav-
ku byla uznana pracovni skupinou a vedla
k vytvoreni paragrafu 5 doporuceni INC-1
(1980). To se také promitlo do doporuceni
1 (CI-1986) CIPM.

6.2 Rozsifena nejistota

6.2.1 Dalsi mira nejistoty, kterd splnuje
pozadavek na poskytovani intervalu typu
uvedeného v 6.1.2, je pojmenovana rozsire-
na nejistota a je oznacena U. Rozsifend ne-
jistota je ziskdna nasobenim kombinované
standardni nejistoty u (y) koeficientem roz-
sifeni k:

U =ku(y)
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6 Determining expanded uncertainty
6.1 Introduction

6.1.1 Recommendation INC-1 (1980) of
the Working Group on the Statement
of Uncertainties on which this Guide is
based (see the Introduction), and Recom-
mendations 1 (CI-1981) and 1 (CI-1986)
of the CIPM approving and reaffirming
INC-1 (1980) (see A.2 and A.3), advocate
the use of the combined standard uncer-
tainty u (y) as the parameter for expressing
guantitatively the uncertainty of the result of
a measurement. Indeed, in the second of its
recommendations, the CIPM has requested
that what is now termed combined stan-
dard uncertainty u (y) be used by all par-
ticipants in giving the results of all interna-
tional comparisons or other work done un-
der the auspices of the CIPM and Comités
Consultatifs.”

6.1.2 Although u(y) can be universally
used to express the uncertainty of a mea-
surement result, in some commercial, in-
dustrial, and regulatory applications, and
when health and safety are concerned, it
is often necessary to give a measure of un-
certainty that defines an interval about the
measurement result that may be expected
to encompass a large fraction of the dis-
tribution of values that could reasonably be
attributed to the measurand. The existence
of this requirement was recognized by the
Working Group and led to paragraph 5 of
Recommendation INC-l (1980). It is also re-
flected in Recommendation 1 (Cl-1986) of
the CIPM.

6.2 Expanded uncertainty

6.2.1 The additional measure of uncer-
tainty that meets the requirement of pro-
viding an interval of the kind indicated in
6.1.2 is termed expanded uncertainly and
is denoted by U. The expanded uncertainty
U is obtained by multiplying the combined

standard uncertainty u(y) by a coverage
factor k:

(18)
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Vysledek méreni je pak vhodnym zpusobem
vyjadren jako Y = y = U, ktery je inter-
pretovdn ve vyznamu, Zze nejlepsi odhad
hodnoty odpovidajici mérené veliciné Y,
jey,azey-Udoy+ U je interval, ve kte-
rém je dovoleno predpokladat, Ze obsa-
huje velky podil rozdéleni hodnot, kte-
ré by mohly odlvodnitelné odpovidat
Y. Takovy interval je také vyjadren jako
y-U<Ly<y+U.

6.2.2 Terminy konfidencni interval (C.2.27,
C.2.28) a konfidencni uroven (C.2.29) maji
ve statistice presné definice a jsou apliko-
vatelné pouze v intervalu uréeném podle
U pouze za urcitych podminek, vcetné
vsech sloZzek nejistoty, které prispivaji k zis-
kani u (y) ohodnoceného zplsobem A. TakZe
v tomto pokynu se slovo ,konfidencni”
nepouzivd k modifikaci slova ,interval”,
kdyz se uvazuje interval ureny pomoci U.
Termin ,konfiden¢ni Uroven” se nepouzi-
va ve spojeni s timto intervalem, ale spise
s pojmem ,uroven konfidence”. Presnéji
bude U interpretovdno jako urcené v inter-
valu okolo vysledku méreni, ktery obsahuje
velky podil rozdéleni pravdépodobnosti p,
které je charakterizovano timto vysledkem
a jeho kombinovanou standardni nejisto-
tou a p je pravdépodobnosti pokryti nebo
konfidencni uroveri intervalu.

6.2.3 Kdykoliv je to mozné, konfidencni
uroven p spojena s intervalem ur¢enym po-
moci U musi byt odhadnuta a stanovena. Ma
se uznat, Ze nasobeni u (y) konstantou nepo-
skytuje nové informace, ale pouze ukazuje
predchozi dostupné informace v jiném tva-
ru. Avsak, ma se také uznat, ze konfiden¢ni
uroven p (zvlasté pro hodnoty p blizko 1) je
lepsi ponechat neurcitou a to nejenom kvu-
li nedostatecné znalosti rozdéleni pravdépo-
dobnosti charakterizovaného y a u (y) (zvlas-
té v extrémnich ¢astech), ale také z ddvodu

samotné nejistoty u (y) (viz poznamka 2 k
2.3.5, 6.3.2 a priloha G, zvlasté G.6.6).
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The result of a measurement is then con-
veniently expressed as Y = y = U, which is
interpreted to mean that the best estimate
of the value attributable to the measurand
Y is y, and that y — U to y + U is an inter-
val that may be expected to encompass
a large fraction of the distribution of val-
ues that could reasonably be attributed
to Y. Such an interval is also expressed as
y-U<Ly<y+U.

6.2.2 The terms confidence interval
(C.2.27, C.2.28) and confidence level
(C.2.29) have specific definitions in statis-
tics and are only applicable to the inter-
val defined by U when certain conditions
are met, including that all components of
uncertainty that contribute to u(y) be ob-
tained from Type A evaluations. Thus, in this
Guide, the word “confidence” is not used
to modify the word “interval” when refer-
ring to the interval defined by U; and the
term “confidence level” is not used in con-
nection with that interval but rather the term
“level of confidence.” More specifically, U is
interpreted as defining an interval about
the measurement result that encompasses
a large fraction p of the probability distri-
bution characterized by that result and its
combined standard uncertainty, and p is
the coverage probability or level of confi-
dence of the interval.

6.2.3 Whenever practicable, the level of
confidence p associated with the interval
defined by U should be estimated and stat-
ed. It should be recognized that multiplying
u(y) by a constant provides no new infor-
mation but presents the previously available
information in a different form. However, it
should also be recognized that in most cases
the level of confidence p (especially for val-
ues of p near 1) is rather uncertain, not only
because of limited knowledge of the prob-
ability distribution, characterized by y and
u(y) (particularly in the extreme portions),
but also because of the uncertainty of u (y)
itself (see note 2 to 2.3.5, 6.3.2, and annex
G, especially G.6.6).
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POZNAMKA
Preferovany zpUsob urceni vysledku méreni, kdyz
u (y) je mirou nejistoty a kdyz jeto U, viz7.2.2a7.2.4

6.3 Vybér koeficientu rozsifeni

6.3.1 Hodnota koeficientu rozsifeni k je
vybrana na zakladé konfidenc¢ni urovné
pozadované v intervalu od y—U do y + U.
Obecné bude k v rozsahu od 2 do 3. V pri-
padé specidlni aplikace vsak smi byt hodno-
ty kK mimo tento rozsah. Rozsahla zkusSenost
s Ucely pouziti vysledkd méreni a jejich upl-
na znalost muze zjednodusit vybér vhodné
hodnoty k.

POZNAMKA

Obcas se mUze zjistit, Ze znama korekce systematické-
ho vlivu b nebyla pouzita v uvadéném vysledku méreni,
ale naopak pokus o zahrnuti tohoto vlivu byl proveden
rozsifenim , nejistoty” pripisované vysledku. Toho se
ma vyvarovat; pouze za velmi zvlastnich okolnosti
nema byt korekce pro zndmé vyznamné systémové
vlivy uplatnéna na vysledek méreni (zvlastni pripad
a jak s nim zachazet viz F2.4.5). Hodnoceni nejistoty
vysledku méreni se nema zaménovat s prifazenim
spravnych limitd k jedné veliciné.

6.3.2 Idealni pozadavek je vybrat urcitou
hodnotu koeficientu rozsifeni k, ktery po-
skytuje interval Y =y = U = y * ku (y) od-
povidajici ur¢ené urovné konfidence p, v
rozsahu 95 % nebo 99 %. Ekvivalentné,
pro urcité hodnoty k, je pozadavek urcit
nespornou konfidenc¢ni urovern spojenou
s timto intervalem. Toto neni jednoduché
provést v praxi, k tomu je potfebna obsah-
la znalost rozdéleni pravdépodobnosti, ktera
charakterizuje vysledek méreni y a jeho kom-
binovanou standardni nejistotu u (y). Ackoliv
tyto parametry jsou velmi dllezité, nejsou
dostatecné pro ucely stanoveni intervalu
s pfesné znamou konfidencni Urovni.
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NOTE

For preferred ways of stating the result of a mea-
surement when the measure of uncertainty is u (y)
and when it is U, see 7.2.2 and 7.2.4, respectively.

6.3 Choosing a coverage factor

6.3.1 The value of the coverage factor k is
chosen on the basis of the level of confi-
dence required of the interval y—Uto y + U.
In general, k will be in the range 2 to 3.
However, for special applications k may
be outside this range. Extensive experi-
ence with and full knowledge of the uses
to which a measurement result will be put
can facilitate the selection of a proper val-
ue of k.

NOTE

Occasionally, one may find that a known correction b
for a systematic effect has not been applied to the
reported result of a measurement, but instead an at-
tempt is made to take the effect into account by en-
larging the , uncertainty” assigned to the result. This
should be avoided; only in very special circumstances
should corrections for known significant systematic
effects not be applied to the result of a measurement
(see F.2.4.5 for a specific case and how to treat it).
Evaluating the uncertainty of a measurement result
should not be confused with assigning a safety limit
to some quantity.

6.3.2 Ideally, one would like to be able
to choose a specific value of the cover-
age factor k that would provide an interval
Y=yxU=y=ku(y) corresponding to a par-
ticular level of confidence p, such as 95 or
99 percent; equivalently, for a given value
of k, one would like to be able to state un-
equivocally the level of confidence associ-
ated with that interval. However, this is not
easy to do in practice because itrequires
extensive knowledge of the probability
distribution characterized by the measure-
ment result y and its combined standard
uncertainty u (y). Although these param-
eters are of critical importance, they are
by themselves insufficient for the purpose
of establishing intervals having exactly
known levels of confidence.
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6.3.3 DoporuceniINC-1(1980) neurcuje, jak
se ma stanovit vztah mezi k a p. Tento pro-
blém je vysvétlen v pfiloze G a preferovana
metoda pro jeho priblizné feseni je uvede-
na v G.4 a je kratce popsdna v G.6.4. Avsak
jednoussi priblizeni, uvedené v G.6.6, je Casto
postacujici v situacich méreni, kde rozdéleni
pravdépodobnosti charakterizované y a u (y)
je pfriblizné normalni rozdéleni a efek-
tivni stupen volnosti u(y) je vyznamného
rozméru. V tomto pfipadé, ktery se casto
v praxi vyskytuje, se mUze predpokladat, ze
k =2 vytvofi interval, ktery ma konfiden¢ni
uroven zhruba 95 % a pfi k = 3 se vytvori
interval, ktery ma konfiden¢ni Uroven pfi-
blizné 99 %.

POZNAMKA

Metoda pro odhadovani efektivnich stuprit volnosti
u (y) je uvedena v G.4. Pomoci tabulky G.2 pfilohy G se
muze rozhodnout, zda je toto feSeni vhodné pro jed-
notlivé méreni (viz G.6.6).
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6.3.3 Recommendation INC-1 (1980) does
not specify how the relation between k and
p should be established. This problem is dis-
cussed in annex 0, and a preferred method
for its approximate solution is presented
in G.4 and summarized in G.6.4. However,
a simpler approach, discussed in G.6.6, is
often adequate in measurement situations
where the probability distribution character-
ized by y and u (y) is approximately normal
and the effective degrees of freedom of
u(y) is of significant size. When this is the
case, which frequently occurs in practice,
one can assume that taking k = 2 produces
an interval having a level of confidence of
approximately 95 percent, and that taking
k = 3 produces an interval having a level of
confidence of approximately 99 percent.
NOTE

A method for estimating the effective degrees of
freedom of u (y) is given in G.4. Table G.2 of annex G

can then be used to help decide if this solution is
appropriate for a particular measurement (see G.66).
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7 Zaznam nejistoty
7.1 Obecny navod

7.1.1 Obecné, pfi vzestupném posunu
hierarchie méreni, je potfeba vice po-
drobnosti pro vysvétleni, jak byly ziskany
méreny vysledek a jeho nejistota. To viak
plati pro kazdou uroven hierarchie, vcet-
né obchodni a regula¢ni ¢innosti na trhu,
technické prace v primyslu, kalibra¢ni mis-
védecky vyzkum, prUmyslové laboratore
pro primarni etalony a kalibraci, metrolo-
gické statni instituce a BIPM, kazda z infor-
maci nezbytnych pro opakované hodnoce-
ni méreni ma byt dostupna tém, ktefi by ji
mohli potfebovat. Hlavni rozdil je v tom,
Ze na nizsich urovnich hierarchie maze byt
vétsi mira potfebnych informaci dostup-
nych ve formé publikovanych zaznamu
o kalibracich a testech systému, specifikaci
testy, uzivatelskych technickych pfirucek,
mezinarodnich a narodnich norem a mist-
nich predpisu.

7.1.2 Pokud jsou podrobnosti méreni,
véetné toho, jak byla nejistota vysledku vy-
hodnocena, poskytovany formou odkazl
na vydané dokumenty, coz je Casto pfipad,
kdy vysledky kalibrace jsou zaznamenany
v certifikatu, tak je zavazné, aby tyto pu-
blikace byly udrzovany na soucasné urovni
tak, aby se shodovaly s postupem meéreni,
ktery je aktualné pouzivan.

7.1.3 Pocetnd méreni jsou denné provadé-
na v prumyslu a obchodu bez explicitniho
zdznamu nejistoty. Aviak hodné téchto
méreni je provadéno pfristroji, které podlé-
haji pravidelné kalibraci nebo zdkonem pre-
depsanym zkouskam. Jestlize je o méficich
pristrojich znamo, ze odpovidaji jejich spe-
cifikaci nebo existujicim normativnim do-
kumentldm, je dovoleno vyhledat nejistoty
k jejich udajim z téchto specifikaci nebo
normativnich dokumentu.
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7 Reporting uncertainty
7.1 General guidance

7.1.1 In general, as one moves up the
measurement hierarchy, more details are re-
quired on how a measurement result and its
uncertainty were obtained. Nevertheless,
at any level of this hierarchy, including
commercial and regulatory activities in the
marketplace, engineering work in industry,
lower-echelon calibration facilities, indus-
trial research and development, academic
research, industrial primary standards and
calibration laboratories, and the national
standards laboratories and the BIPM, all of
the information necessary for the re evalu-
ation of the measurement should be avail-
able to others who may have need of it.
The primary difference is that at the lower
levels of the hierarchical chain, more of the
necessary information may be made avail-
able in the form of published calibration
and test system reports, test specifications,
calibration and test certificates, instruction
manuals, international standards, national
standards, and local regulations.

7.1.2 When the details of a measurement,
including how the uncertainty of the result
was evaluated, are provided by referring
to published documents, as is often the
case when calibration results are eported
on a certificate, it is imperative that these
publications be kept up-to-date so that
they are consistent with the measurement
procedure actually in use.

7.1.3 Numerous measurements are made
every day in industry and commerce wit-
hout any explicit report of uncertainty.
However, many are performed with in-
struments subject to periodic calibration
or legal inspection. If the instruments are
known to be in conformance with their
specifications or with the existing norma-
tive documents that apply, the uncertain-
ties of their indications may be inferred from
these specifications or from these normative
documents.
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7.1.4 Ackoliv je v praxi mnozstvi informaci
nutnych pro dokumentaci vysledku méreni
zavislé na ucelu pouziti, zakladni princip
toho, co je pozadovano, zistava neménny
a to: kdyz se zaznamenava vysledek méreni
a jeho nejistota, je Iépe podavat pfilis mno-
ho informaci, nez pfili§ malo informaci.
Napriklad se ma

a) jasné popsat pouzité metody pro vypo-
Cet vysledku méreni a jeho nejistoty z ex-
perimentalnich pozorovani a vstupnich
dat;

b) uvést seznam viech slozek nejistoty a do-
statecné dokumentovat, jak byly uréeny;

¢) prezentovat analyzy dat takovym zpU-
sobem, aby kazdy jejich dulezity krok
mohl byt snadno nasledovatelny a za-
znamenany vypocet vysledku mohl byt
nezavisle opakovan, jestlize je to nutné;

d) uvést viechny korekce a konstanty pouzité
pfi provadéni analyzy a jejich zdroje.
Ucelem predchoziho seznamu je polozeni
otazky: ,Je poskytnuto dostatek informa-
ci dostatecné jasnym zplsobem tak, aby
vysledky mohly byt aktualizovany, jakmile
budou nové informace nebo data k dispo-
zici?”
7.2 Specialni navody
7.2.1 Pfi zaznamu vysledku méreni, pokud
je mirou nejistoty kombinovana standardni
nejistota u (y), se ma:

a) podavat vycerpdvajici popis, jak je defi-
novana mérena veli¢ina Y;

b) uvadét odhad y mérené veliciny Y a jeho
kombinovanou standardni nejistotu
u(y); jednotky y a u(y) maji byt vzdy
uvedeng;

c) zahrnout relativni kombinovanou stan-
dardni nejistotu u (y)/lyl, Iyl # 0, je-li to
vhodné ;

d) uvést informaci uvedenou v 7.2.7 nebo

odkazat na vydany dokument, ktery ji
obsahuje.
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7.1.4 Although in practice the amount of
information necessary to document a me-
asurement result depends on its intended
use, the basic principle of what is required
remains unchanged: when reporting the re-
sult of a measurement and its uncertainty,
it is preferable to err on the side of provi-
ding too much information rather than too
little. For example, one should

a) describe clearly the methods used to
calculate the measurement result and
its uncertainty from the experimental
observations and input data;

b) list all uncertainty components and doc-
ument fully how they were evaluated;

c) present the data analysis in such a way
that each of its important steps can be
readily followed and the calculation of
the reported result can be independent-
ly repeated if necessary;

d) give all corrections and constants used in
the analysis and their sources.

A test of the foregoing list is to ask oneself
“Have | provided enough information in
a sufficiently clear manner that my result
can be updated in the future if new infor-
mation or data become available?”

7.2 Specific guidance

7.2.1 When reporting the result of a mea-
surement, and when the measure of uncer-
tainty is the combined standard uncertain-
ty u(y), one should

a) give a full description of how the mea-
surand Y is defined;

b) give the estimate y of the measurand
Y and its combined standard uncertain-
ty u (y); the units of y and u(y) should
always be given;

¢) include the relative combined standard
uncertainty u (y)/lyl, Iyl # 0, when appro-
priate;

d) give the information outlined in 7.2.7 or
refer to a published document that con-
tains it.
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Pokud se to jevi uzitecné pro potencialni-

ho uzivatele méreného vysledku, napfriklad

pomoc pfi budoucich vypoctech koeficien-

tu rozsifeni nebo pfi pochopeni smyslu mé-

feni, je dovoleno jesté uvést:

- odhadnuté efektivni stupné volnosti v_.
(viz G.4);

- kombinované standardni nejistoty vyhod-
nocené zpusobem A u_(y) a zplGsobem
B u,(y) a jejich odhadnuté efektivni
stupné volnosti v ., a v .. (viz G.4.1, po-
zndmka 3).

7.2.2 Pokud je mira nejistoty u (y), preferu-
je se stanoveni ciselného vysledku méreni
jednim z nasledujicich ¢tyf zpUsob, aby se
zabranilo nedorozuméni. (Predpoklada se,
Ze veli¢ina, jejiz hodnota bude zaznamena-
na, je jmenovité 100 g standardni hmoty m,;
slova v zavorkach by mohla byt vynechana
z davodu strucnosti, jestlize u_je stanoveno
na jiném misté dokumentu, ve kterém je
zaznamenan vysledek.)

effB

1) .m; = 100,021 47 g s (kombinovanou
standardni nejistotou) u_= 0,35 mg.”

2) «~mg = 100,021 47(35) g, kde ¢islo v za-
vorkach je ciselnou hodnotou (kombi-
nované standardni nejistoty) u, ktera se
vztahuje na odpovidajici posledni Cislice
uvedeného vysledku.”

3) ,m, = 100,021 47(0,000 35) g, kde cislo
v zavorkdach je ciselnd hodnota (kombi-
nované standardni nejistoty) u_vyjadfena
v jednotce uvadéného vysledku.”

4) ,m, = (100,021 47 + 0,000 35) g, kde dis-
lo nasledujici za znackou = je dciselna
hodnota (kombinované standardni nejis-
toty) u_a ne konfidendni interval.”
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If it is deemed useful for the intended users
of the measurement result, for example, to
aid in future calculations of coverage fac-
tors or to assist in understanding the mea-
surement, one may indicate.

- the estimated effective degrees of free-
domv_, (see G.4);

- the Type A and Type B combined standard
uncertainties u_(y) and u_(y) and their

estimated effective degrees of freedom
Vaand v . (see G.4.1, note 3).

7.2.2 When the measure of uncertainty is
u(y), itis preferable to state the numerical
result of the measurement in one of the
following four ways in order to prevent
misunderstanding. (The quantity whose
value is being reported is assumed to be
a nominally 100 g standard of mass m,;
the words in parentheses may be omitted
for brevity if u_is defined elsewhere in the

document reporting the result.)

1) “m, = 100,021 47 g with (a combined
standard uncertainty) u_= 0,35 mg.”

2) "m,=100,021 47(35) g, where the num-

ber in parentheses is the numerical value
of (the combined standard uncertainty) u_

referred to the corresponding last digits
of the quoted result.”

3) “mg = 100,021 47 (0,000 35) g, where
the number in parentheses is the numeri-
cal value of (the combined standard un-
certainty) u_expressed in the unit of the
quoted result.”

4) “m, = (100,021 47 + 0,000 35) g, where
the number following the symbol % is
the numerical value of (the combined
standard uncertainty) u_and not a con-
fidence interval.”
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POZNAMKA

Pokud je to mozné doporucuje se vyvarovat tvaru =,
protoZe je tradicné pouzivan ke zndzornéni intervalu,
ktery odpovidd vysoké konfiden¢ni urovni a tedy
mlze byt zaménény s rozsifenou nejistotou (viz
7.2.4). Navic, ackoliv u¢elem varovani v 4) je zamezit
takové zaméng, tak zapisem Y =y = u (y) by mohlo stéle
dochazet k nedorozuméni, ze rozsifend nejistota s k = 1
je takto minénd a ze interval y —u (y) <Y<y + uy)
ma urcitou konfidencni Uroven p, jmenovité, Ze
je spojen s normalnim rozdélenim (viz G.1.3). Toto
zvlasté plati, pokud je toto upozornéni nedopatre-
nim vynechdno. Jak bylo uvedeno v 6.3.2 a v pfilo-
ze G, vyklad u (y) timto zpGsobem lIze obvykle té&zko
ospravedInit.

7.2.3 Pfi uvadéni vysledku méreni, pokud
je rozdifena nejistota U = ku (y) mirou nejis-
toty, se ma:

a) podavat uplny popis toho, jak je mérena
veli¢ina Y defininovana;

b) uvést vysledek mérenijako Y=y + U a uvést
jednotky pro y a U;

¢) zahrnout relativni rozsifenou nejistotu
UMy, Iyl # 0, pokud je to vhodné;

d) uvést hodnotu k pouzitou k ziskani U [nebo
k ulehéeni pro uzivatele vysledku uvést
jak k, tak u (y)I;

e) uvést pribliznou konfiden¢ni Uroven spo-
jenou s intervalem y + U a uvést, jak byla
urcena;

f) uvést informace uvedené v 7.2.7 nebo
odkdazat na vydany dokument, ktery je
obsahuje.

7.2.4 Pokud je U mirou nejistoty, preferu-
je se stanovit, pro maximalni jasnost, Ciselny
vysledek méreni jako v nasledujicim pfikla-
du. (Slova v zavorkach mohou byt z divodu
stru¢nosti vynechana, jestlize U, u_a k jsou
uvedeny kdekoliv jinde v dokumentu, ktery
uvadi vysledek.)

~mg = (100,021 47 + 0,000 79) g, kde islo
nasledujici za znackou =+ je ¢iselna hodno-
ta (roziifené nejistoty) U = ku, s U urce-
nou z (kombinované standardni nejistoty)
u_= 0,35 mg a (koeficientu rozsifeni) k = 2,26
na zakladé t-rozdéleni pro n = 9 stupnu vol-
nosti a urCuje interval s odhadnutou konfi-
dencni urovni 95 %."
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NOTE

The + format should be avoided whenever possible
because it has traditionally been used to indicate an
interval corresponding to a high level of confidence
and thus may be confused with expanded uncer-
tainty (see 7.2.4). Further, although the purpose of
the caveat in 4) is to prevent such confusion, writing
Y = y = u (y) might still be misunderstood to imply,
especially if the caveat is accidentally omitted, that
an expanded uncertainty with k = 1 is intended and
that the interval y - u(y) < Y <y + u(y) has a speci-
fied level of confidence p, namely, that associated
with the normal distribution (see G.1.3). As indicated
in 6.3.2 and annex G, interpreting u (y) in this way is
usually difficult to justify.

7.2.3 When reporting the result of a mea-
surement, and when the measure of un-
certainty is the expanded uncertainty U
= ku (y), one should

a) give a full description of how the mea-
surand Y is defined;

b) state the result of the measurement as
Y = y + U and give the units of y and U;

¢) include the relative expanded uncer-
tainty Ullyl, Iyl # 0, when appropriate;

d) give the value of k used to obtain U [or,
for the convenience of the user of the
result, give both k and u (y)];

e) give the approximate level of confidence
associated with the interval y + U and
state how it was determined;

f) give the information outlined in 7.2.7 or
refer to a published document that con-
tains it.

7.2.4 When the measure of uncertainty is
U, it is preferable, for maximum clarity, to
state the numerical result of the measure-
ment as in the following example. (The
words in parentheses may be omitted for
brevity if U, u, and k are defined elsewhere

in the document reporting the result.)

“m, = (100,021 47 + 0,000 79) g, where the
number following the symbol + is the nu-
merical value of (an expanded uncertainty)
U = ku, with U determined from (a com-
bined standard uncertainty) u_= 0,35 mg
and (a coverage factor) k = 2,26 based on
the t-distribution for n = 9 degrees of free-
dom, and defines an interval estimated to
have a level of confidence of 95 percent.”
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7.2.5 Jestlize méreni urcuje soucasné vice
nez jednu mérenou veli¢inu, tj. jestli po-
skytuje hodnoty dvou nebo vice vystup-
nich odhadu y,(viz H.2, H.3 a H.4), pak jsou
doplnény hodnoty k y, a u(y), ¢leny kova-
rian¢ni matice u(y, y/.) nebo cleny r(y, y/.) mati-
ce korelacnich koeficientd (C.3.6 poznamka
2) (a preferuji se obé).

7.2.6 Ciselné hodnoty odhadu y a jeho
standardni nejistoty u(y) nebo rozifené
nejistoty U nemaji byt uvadény nadmér-
nym poctem dislic. Obvykle staci znacit u (y)
a U [stejng, jako standardni nejistotu u(x)
pro odhady vstupu x] aZz do nanejvy3 dvou vy-
znamnych dislic, ackoliv v nékterych pfipa-
dech muze byt nutné zachovat dalsi ¢islice,
k vyvarovani se chyb zaokrouhleni pfi na-
sledujicich vypoctech.

PFi uvadéni konecnych vysledkd, je vhodné
zaokrouhlit nejistoty spiSe nahoru nez k nej-
blizSimu ¢islu. Napfiklad, u(y) = 10,47 mQ
by mohla byt zaokrouhlend na 11 mQ.
Aviak, pfi tom ma prevldadat rozum
a u(x) = 28,05 kHz ma byt zaokrouhlena
dolt na 28 kHz. Odhady vystupnich a vstup-
nich veli¢in maji byt zaokrouhleny tak, aby
byly v souladu se svymi nejistotami; napfi-
klad, jestlize y = 10,057 62 Qs u (y) =27 mQ,
pak ma byt zaokrouhlend na 10,058 Q.
Korelacni koeficienty maji byt uvedené
s pfesnosti na tfi Cislice, jestlize jejich abso-
lutni hodnoty se blizi jedné.

7.2.7 Podrobna zprdva, kde se popisuje,
jak byl ziskan vysledek méreni a jeho nejis-
tota se ma ridit doporucenim 7.1.4 a tudiz

a) uvést hodnotu kazdého odhadu vstupu x;

a jeho standardni nejistoty u(x) spolecné
s popisem, jak byly ziskany;
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7.2.5 If a measurement determines si-
multaneously more than one measurand,
that is, if it provides two or more output
estimates y, (see H.2, H.3, and H.4), then,
in addition to giving y, and u (y), give the
covariance matrix elements u(y, y/.) or the
elements r(y, y/.) of the correlation coeffi-

cient matrix (C.3.6, note 2) (and preferably
both).

7.2.6 The numerical values of the esti-
mate y and its standard uncertainty u (y)
or expanded uncertainty U should not be
given with an excessive number of digits.
It usually suffices to quote u(y) and U [as
well as the standard uncertainties u(x) of
the input estimates x] to at most two sig-
nificant digits, although in some cases it
may be necessary to retain additional digits
to avoid round-off errors in subsequent cal-
culations.

In reporting final results, it may sometimes
be appropriate to round uncertainties up
rather than to the nearest digit. For exam-
ple, u(y) = 10,47 mQ might be rounded up
to 11 mQ. However, common sense should
prevail and a value such as u(x) = 28,05 kHz
should be rounded down to 28 kHz. Output
and input estimates should be rounded
to be consistent with their uncertain-
ties; for example, if y = 10,057 62 Q with
uly) = 27 mQ, y should be rounded to
10,058 Q. Correlation coefficients should be
given with three-digit accuracy if their ab-
solute values are near unity.

7.2.7 Inthe detailed report that describes
how the result of a measurement and its
uncertainty were obtained, one should
follow the recommendations of 7.1.4 and
thus

a) give the value of each input estimate x;
and its standard uncertainty u(x) togeth-

er with a description of how they were
obtained;
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b) uvést odhad kovariance nebo odhad ko-
relacnich koeficientl (preferuji se oba)
pfislusnych odhadum vstupd, které jsou
korelované a metody pouzité k jejich
ziskani;

¢) uvést stupné volnosti pro standardni nejis-
totu kazdého odhadu vstupu a jak byly
ziskany;

d) uvést funkni vztah Y = f(X,, X,, ..., X))
a kdyz se to zda uzitecné, parcialni deri-
vace nebo (initelé citlivosti of/ox.. Zvlas-
té maji byt uvedeny koeficienty experi-
mentalné uréené.

POZNAMKA

Jelikoz funk¢ni vztah f smi byt velmi slozity nebo ne-
musi existovat explicitné, ale pouze jako pocitacovy
program, pak nemusi byt vzdy mozné uvést f a jeji
derivace. Funkce f mlze potom byt popsana v obec-
nych pojmech nebo uzity program smi byt uvddén
vhodnym odkazem. V takovych pfipadech je dulezi-
té, aby bylo jasné, jak odhad y mérené veli¢iny Y a jeho
kombinovana standardni nejistota u (y) byly ziskany.
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b) give the estimated covariances or estimat-
ed correlation coefficients (preferably
both) associated with all input estimates
that are coirelated, and the methods
used to obtain them;

c) give the degrees of freedom for the
standard uncertainty of each input esti-
mate and how it was obtained;

d) give the functional relationship Y = f(X,,
X, ... X, X,) and, when they are deemed
useful, the partial derivatives or sensitiv-
ity coefficients 0f/ox. However, any such

coefficients determined experimentally
should be given.

NOTE

Since the functional relationship fmay be extremely
complex or may not exist explicitly but only as a com-
puter program, it may not always be possible to give
f and its derivatives. The function f may then be de-
scribed in general terms or the program used may be
cited by an appropriate reference. In such cases, it is
important that it be clear how the estimate y of the
measurand Y and its combined standard uncertainty
u (y) were obtained.
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8 Souhrn postuptl pro hodnoceni 8 Summary of procedure for evaluating
a vyjadrovani nejistoty and expressing uncertainty
Kroky, které musi nasledovat pfi hodnoceni The steps to be followed for evaluating and

a vyjadrovani nejistoty vysledku méreni, jak expressing the uncertainty of the result of
jsou popsany v tomto pokynu, lze shrnout a measurement as presented in this Guide
nasledovné: may be summarized as follows:

1 Matematické vyjadreni vztahu mezi mé- 1 Express mathematically the relationship

fenou veli¢inou Y a vstupni veli¢inou X,
na které Y zavisi, je Y = f(X,, X, ..., X,).
Funkce f ma obsahovat kazdou veli¢inu,
véetné vsech korekci a korekénich cinite-
G, které mohou pfispivat vyznamnou
slozkou nejistoty k vysledku méreni (viz
4.1.1a4.1.2).

Urceni x, hodnoty odhadu vstupni velici-
ny X, bud na zakladech statistické analy-
zy fady pozorovani nebo jinymi metoda-
mi (viz 4.1.3).

Hodnoceni standardni nejistoty u(x)
kaZzdého odhadu vstupu x. Pro odhad

vstupu ziskany ze statistické analyzy
fady pozorovani je standardni nejistota
urcena podle 4.2 (hodnoceni standardni
nejistoty zpusobem A). Pro odhad vstu-
pu ziskaného jinymi metodami je stan-
dardni nejistota u(x) urcena podle 4.3
(hodnoceni standardni nejistoty zpuso-
bem B).

Hodnoceni kovarianci pfislusnych odha-
dum vstupnich hodnot, které jsou kore-
lované (viz 5.2).

Vypocet vysledku méreni, ktery je od-
hadem y mérené velic¢iny Y z funkcniho
vztahu f pouZitim odhadu x; vstupnich
veli¢in X, ziskanych pomoci kroku 2 (viz
4.1.4).

between the measurand Y and the in-
put quantities X. on which Y depends:
relationship Y = f(X,, X, ... X)). The
function f should contain every quantity,
including all corrections and correction
factors, that can contribute a significant
component of uncertainty to the result
of the measurement (see 4.1.1 and 4.1.2).

2 Determine x, the estimated value of in-
put quantity X, either on the basis of

the statistical analysis of series of obser-
vations or by other means (see 4.1.3).

3 Evaluate the standard uncertainty u(x)
of each input estimate x. For an input

estimate obtained from the statistical
analysis of series of observations, the
standard uncertainty is evaluated as
described in 4.2 (Type A evaluation of
standard uncertainty). For an input es-
timate obtained by other means, the
standard uncertainty u(x) is evaluated
as described in 4.3 (Type B evaluation of
standard uncertainty).

4 Evaluate the covariances associated with
any input estimates that are correlated
(see 5.2).

5 Calculate the result of the measure-
ment, that is, the estimate y of the mea-
surand Y, from the functional relation-
ship f using for the input quantities x;
the estimates X. obtained in step 2 (see
4.1.4).
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6 Urceni kombinované standardni nejisto-

ty u(y) vysledku méfeni y ze standard-
nich nejistot a kovarianci pfislusnych od-
haddm vstupt podle popisu v kapitole 5.
Jestlize méreni soucasné urci vice nez
jednu vystupni veli¢inu, vypocita se je-
jich kovariance (viz 7.2.5, H.2, H.3 a H.4).

Pokud je pozadovano vyjadreni rozsire-
né nejistoty U, jejiz ucelem je poskytnout
interval od y — U do y + U, ve kterém se
ocekava, ze bude obsahovat velky podil
rozdéleni hodnot, které divodné mo-
hou byt prifazeny mérené veliciné, vyna-
sobi se kombinovana standardni nejisto-
ta u (y) koeficientem rozsifeni k, ktery je
obvykle v rozsahu 2 az 3, k ziskani U =
ku (y). Vybere se k pro tento interval na
zédkladé pozadované konfidencni urov-
né (viz 6.2, 6.3 a zvlasté priloha G, ktera
vysvéluje vybér hodnoty k, kterd vytvari
interval majici konfiden¢ni droven, kte-
ra je blizka urcené hodnoté).

Zaznamend se vysledek méreni y spo-
le¢né s jeho kombinovanou standardni
nejistotou u (y) nebo rozsifenou nejisto-

tou U, jak jsou vysvétleny v 7.2.1 a2 7.2.3;
pouzije se pfi tom jeden z tvar( doporuce-
nych v 7.2.2 a 7.2.4. Popise se, jak je uve-
deno v kapitole 7, jak byly ziskany y a u (y)
nebo U.
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6 Determine the combined standard un-

certainty u(y) of the measurement re-
sult y from the standard uncertainties
and covariances associated with the in-
put estimates, as described in clause 5.
If the measurement determines simulta-
neously more than one output quantity,
calculate their covariances (see 7.2.5,
H.2, H.3, and H.4).

If it is necessary to give an expanded un-
certainty U, whose purpose is to provide
an interval y — U to y + U that may be
expected to encompass a large fraction
of the distribution of values that could
reasonably be attributed to the measur-
and Y, multiply the combined standard
uncertainty u (y) by a coverage factor k,
typically in the range 2 to 3, to obtain
U = ku(y). Select k on the basis of the

level of confidence required of the inter-
val (see 6.2, 6.3, and especially annex G,
which discusses the selection of a value
of k that produces an interval having
a level of confidence close to a specified
value).

Report the result of the measurement
y together with its combined standard
uncertainty u(y) or expanded uncer-
tainty U as discussed in 7.2.1 and 7.2.3;
use one of the formats recommended in
7.2.2 and 7.2.4. Describe, as outlined also
in clause 7, how y and u(y) or U were
obtained.
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Priloha A
Doporuceni Pracovni skupiny a CIPM

A.1 Doporuceni INC-1 (1980)

Pracovni skupina k feseni problematiky ne-
jistot (viz predmluva) byla svolana v fijnu
1980 Mezinarodnim uradem pro vahy a miry
(BIPM) na zékladé zadosti Mezinarodniho
vyboru pro vahy a miry (CIPM). Vypracovala
podrobnou zpravu pro CIPM, ktera vyustila
v doporuceni INC-1 (1980) [2]:

Vyjadreni experimentalnich nejistot
Doporuceni INC-1 (1980)

1. Nejistota vysledku méreni obvykle obsa-
huje nékolik slozek, které Ize rozdélit do
dvou kategorii podle metody pouzité
k odhadu jejich ciselné hodnoty:

A. ty, které jsou hodnoceny pomoci sta-
tistickych metod,

B. ty, které jsou hodnoceny jinymi zpU-
soby.

Zarazeni do kategorii A nebo B a urce-
ni, zda jde o charakter ,nahodny” nebo
»Systematicky”, dfive pouzivané pro kla-
sifikaci nejistoty, vzdy neni jednoduché.
Vyraz ,systematickd nejistota” snadno
vede k chybam vykladu; je tfeba se mu
vyhnout.

Kazdy podrobny popis nejistoty ma ob-
sahovat kompletni seznam jejich slozek
a ma u kazdé z nich oznadit metodu,
kterou ji byla pfifazena ¢iselnd hodnota.

2. Slozky v kategorii A jsou dany odhadova-
nymi rozptyly s’ (neboli ,smérodatnymi
odchylkami” s) a po¢tem stuprid volnos-
ti v. Tam, kde je to vhodné, mohou byt
uvedeny odhadované kovariance.
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Annex A

Recommendations of Working Group and
CIPM

A.1 Reconunendation INC-1 (1980)

The Working Group on the Statement of
Uncertainties (see Foreword) was convened
in October 1980 by the Bureau International
des Poids et Mesures (BIPM) in response to
a request of the Comité International des
Poids et Mesures (CIPM). It prepared a de-
tailed report for consideration by the CIPM
that concluded with Recomrnendation
INC-1 (1980) [2]. The English translation of
this Recommendation is given in 0.7 of this
Guide and the French text, which is author-
itative, is as follows [2]:

Expression des incertitudes expérimentales
Recommendation INC-1 (1980)

1. Lincertitude d'un résultat de mesure com-
prend généralement plusieurs compo-
santes qui peuvent étre groupées en
deux catégories d'aprés la méthode
utilisée pour estimer leur valeur numé-
rique:

A. celles qui sont évaluées a l'aide de
méthodes statistiques,

B. celles qui sont évaluées par d'autres
moyens.

Il n'y a pas toujours une correspondance
simple entre le classement dans les ca-
tégories A ou B et le caractere «aléa-
toire» ou «systématique» utilisé anté-
rieurement pour classer les incertitudes.
L'expression «incertitude systématique»
est susceptible de conduire a des erreurs
d'interprétation; elle doit étre évitée.
Toute description détaillée de l'incerti-
tude devrait comprendre une liste com-
plete de ses composantes et indiquer
pour chacune la méthode utilisée pour
lui attribuer une valeur numérique.

2. Les composantes de la catégorie A sont
caractérisées par les variances estimées

s; (ou les «écarts-types» estimés s) et
les nombres v, de degrés de liberté. Le
cas échéant, les covariances estimées
doivent étre données.
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3. SloZzky v kategorii B maji byt charakte-
rizovany veli¢inami 7, které mohou byt
povazovany za pfiblizné odpovidajici

aproximacim, jejichz existence je pripust-

na. Veliciny &5 mohou byt povaZzovéany
za rozptyl a veliCiny u; za smérodatné
odchylky. Tam, kde je to vhodné, maji

byt kovariance uréené podobnym zpu-
sobem urceni jako s..

4. Kombinovana nejistota ma byt charak-
terizovdna hodnotou, ziskanou pouzitim
obvyklého zpusobu kombinovani odchyl-
ky. Kombinovana nejistota a jeji slozky
maji byt vyjadreny v podobé ,smérodat-
né odchylky”.

5. Jestlize se v nékterych zvlastnich pripa-
dech pouzije pro ziskani uplné nejistoty
nasobeni kombinované nejistoty koefi-
cientem, musi byt vzdy uvedena hodno-
ta tohoto koeficientu.

A.2 Doporuceni 1 (CI-1981)

CIPM prezkoumal zpravu predlozenou pra-
covni skupinou pro vyjadfeni nejistot a pfi-
jal nasledujici doporuceni na své 70. schlzi
v Fijnu 1981 [3]:

Doporuceni 1 (CI-1981)
Vyjadreni nejistot méreni
Mezinarodni vybor pro vahy a miry

se zretelem na

— potfebu najit jednotnou metodu pro vyja-
dreni nejistoty méreni v metrologii,

— usili, které vénovalo této tématice mnoho
organizaci po mnoho let,

— povzbuzujici vyvoj pfi hledani pfrijatel-
ného feseni, ktery byl vysledkem diskusi
pracovni skupiny pro vyjadreni nejistot,
ktera se sesla v BIPM v roce 1980,

uznava
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3. Les composantes de la catégorie B de-
vraient étre caractérisées par des termes

v qui puissent étre considérés comme
des approximations des variances corres-

pondantes dont on admet [|'existence.

Les termes « peuvent étre traités comme
des variances et les termes u, comme des
écarts-types. Le cas échéant, les cova-
riances doivent étre traitées de facon
analogue.

4. Lincertitude composée devrait étre
caractérisée par la valeur obtenue en
appliquant la méthode usuelle de com-
binaison des variances. Lincertitude
composée ainsi que ses composantes
devraient étre exprimées sous la forme
d'«écarts-types».

5. Si pour des utilisations particuliéres on
est amené a multiplier par un facteur
I'incertitude composée afin d'obtenir in-
certitude globale, la valeur numérique de
ce facteur doit toujours étre donnée.

A.2 Recommendation 1 (CI-1981)

The CIPM reviewed the report submitted to
it by the Working Group on the Statement
of Uncertainties and adopted the following
recommendation at its 70th meeting held
in October 1981 [31]:

Recommendation 1 (CI-1981)
Expression of experimental uncertainties

The Comité International des Poids et
Mesures

considering

— the need to find an agreed way of ex-
pressing measurement uncertainty in
metrology,

— he effort that has been devoted to this
by many organizations over many years,

— the encouraging progress made in fin-
ding an acceptable solution, which has
resulted from the discussions of the Wor-
king Group on the Expression of Uncer-
tainties which met at BIPM in 1980,

recognizes
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— Ze ndvrhy pracovni skupiny by mohly
tvofit zaklad pro pripadnou dohodu
ohledné vyjadreni nejistot,

doporucuje

— aby navrhy pracovni skupiny byly co nej-
vice Sifeny;

— aby se BIPM pokusil pouzit obsazené
principy k mezinarodnim porovnanim,
ktera budou provadéna pod jeho dohle-
dem v pfistich letech;

— aby ostatni zainteresované organizace
podpofily prozkoumani a zkouseni téch-
to navrh(, a aby seznamily BIPM se svy-
mi poznatky;

— aby BIPM po dvou az tfech letech predlo-
zil zpravu o pouziti téchto navrha.

A.3 Doporuceni 1 (CI-1986)

CIPM znovu projednal problematiku vyjadre-
ni nejistot na své 75. schlzi, ktera se konala
v Fijnu 1986 a prijal nasledujici doporuceni
[4]:

Doporuceni 1 (CI-1986)

Vyjadreni nejistot pfi praci provadéné pod
dohledem CIPM

Mezinarodni vybor pro vahy a miry,

bere na védomi doporuceni pfijata INC-1
(1980), pracovni skupiny pro vyjadreni nejistot
a doporuceni 1 (CI-1981), prevzata CIPM,

bere na védomi, ze néktefi ¢lenové konzul-
tac¢nich komisi by mohli potfebovat vyjasnit
tato doporuceni pro ucely prace, ktera spa-
da pod jejich kompetenci, zvlasté pro ucely
mezinarodnich porovnani,

uzndva, ze paragraf 5 doporuceni INC-1
(1980) vztahujici se k jednotlivym aplika-
cim, zvlasté k tém které maji komercni vy-
znam, by mohl byt v soucasné dobé pro-
jednan pracovni skupinou Mezinarodni
organizace pro normalizaci (ISO), ktera se
sklada ze zastupcl I1SO, OIML a IEC, a kterd
spolupracuje s CIPM,
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— that the proposals of the Working Group
might form the basis of an eventual agre-
ement on the expression of uncertainties,

recommends

- that the proposais of the Working Group
be diffused widely;

— that BIPM attempt to apply the princi-
ples therein to international comparis-
ons carried out under its auspices in the
years to come;

— that other interested organizations be
encouraged to examine and test these
proposals and let their comments be
known to BIPM;

— that after two or three years BIPM re-
port back on the application of these
proposals.

A.3 Recommendation 1 (CI-1986)

The CIPM further considered the matter of
the expression of uncertainties at its 75th
meeting held in October 1986 and adopted
the following recommendation [4]:

Recommendation 1 (CI-1986)

Expression of uncertainties in work carried
out under the auspices of the CIPM

The Comité International des Poids et
Mesures,

considering the adoption by the Working
Group on the Statement of Uncertainties
of Recommendation INC-1 (1980) and the
adoption by the CIPM of Recommendation 1
(CI-1981),

considering that certain members of Comités
Consultatifs may want clarification of this
Recommendation for the purposes of work
that falls under their purview, especially
for international comparisons,

recognizes that paragraph 5 of Recom
mendation INC-1 (1980) relating to par-
ticular applications, especially those hav-
ing commercial significance, is now be-
ing considered by a working group of the
International Standards Organization (I1SO)
common to the ISO, OIML and IEC, with the
concurrence and cooperation of the CIPM,
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poZaduje, aby paragraf 4 doporuceni INC-1
(1980) byl pouzivan viemi zucastnénymi pri
uvadeéni vysledk viech mezinarodnich po-
rovnani nebo pfi jakékoliv dalsi praci prova-
déné pod dohledem CIPM a konzulta¢nich
komisi, a aby byla uvadéna kombinovana
standardni nejistota pro nejistoty vyhodno-
cované zplUsobem A a B, a to na zakladé
jedné smérodatné odchylky.
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requests that paragraph 4 of Recommen-
dation INC-1 (1980) should be applied by
all participants in giving the results of all
international comparisons or other work
done under the auspices of the CIPM and
the Comités Consultatifs and that the com-
bined uncertainty of type A and type B un-
certainties in terms of one standard devia-
tion be given.
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Priloha B
Obecné metrologické terminy
B.1 Zdroj definic

Definice obecnych metrologickych termint
souvisejici s timto pokynem, které jsou zde
uvedeny, byly prevzaty z mezinarodniho
slovniku pro zakladni a vSeobecné terminy
metrologie (zkracené VIM), druhé vyda-
ni, 1993 [6], vydaném Mezinarodni orga-
nizaci pro normalizaci (ISO) jménem sedmi
organizaci, které prispély k jejimu vyvoji
a jmenovaly odborniky, ktefi ji pfipravovali:
Mezinarodni ufad pro vahy a miry (BIPM),
Mezinarodni elektrotechnicka komise (IEC),
Mezinarodni federace klinické chemie (IFCC),
Mezinarodni organizace pro normalizaci
(ISO), Mezinarodni svaz pro Cistou a apliko-
vanou chemii (IJUPAC), Mezinarodni svaz
pro cistou a aplikovanou fyziku (IUPAP)
a Mezinarodni organizace pro legdlni met-
rologii (OIML). VIM ma byt také prvnim zdro-
jem konzultace pokud jde o definice termi-
nU nezahrnutych bud zde nebo ve zbyvaji-
cim textu.

POZNAMKA

Nékteré zakladni statistické terminy a pojmy jsou
uvedené v priloze C, zatimco terminy ,prava hod-
nota”, ,chyba” a ,nejistota” jsou dale vysvétleny v
pfiloze D.

B.2 Definice

V pripadé nasledujicich definic, stejné jako
v kapitole 2, znamena pouziti zavorek oko-
lo urcitych slov nékterych termind, ze tato
slova je dovoleno vynechat, pokud je ne-
pravdépodobné, ze to zpusobi zdménu.
Pojmy tucné vytisténé v nékterych poznam-
kach jsou dodatecné metrologické terminy,
definované v téchto poznamkach bud ex-
plicitné nebo implicitné (viz citace [6]).
B.2.1

(méfitelna) velicina

vlastnost jevu, télesa nebo latky, kterou lze
kvalitativné rozlisit a kvantitativné urdit

POZNAMKY

1 Termin ,veli¢ina” se mUze vztahovat na veli¢inu
v obecném smyslu [viz pfiklad (a)] nebo na blize
urcenou velic¢inu [viz priklad (b)].
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Annex B
General metrological terms
B.1 Source of definitions

The definitions of the general metrologi-
cal terms relevant to this Guide that are
given here have been taken from the in-
ternational vocabulary of basic and gen-
eral terms in metrology (abbreviated
VIM), second edition, 1993 [6], published
by the International Organization for
Standardization (ISO), in the name of the
seven organizations that supported its de-
velopment and nominated the experts who
prepared it: the Bureau International des
Poids et Mesures (BIPM), the International
Electrotechnical Commission (IEC), the
International Federation of Clinical
Chemistry (IFCC), 1SO, the International
Union of Pure and Applied Chemistry
(IUPAC), the International Union of
Pure and Applied Physics (IUPAP), and
the International Organization of Legal
Metrology (OIML). The VIM should be the
first source consulted for the definitions of
terms not included either here or in the text.
NOTE

Some basic statistical terms and concepts are given

in annex C, while the terrns “true value,” “error,”
and “uncertainty” are further discussed in annex D.

B.2 Definitions

As in clause 2, in the definitions that fo-
llow, the use of parentheses around certain
words of some terms means that the words
may be omitted if this is unlikely to cause
confusion.

The terms in boldface in some notes are
additional metrological terms defined in
those notes, either explicitly or implicitly
(see reference [6]).

B.2.1

(measurable) quantity

attribute of a phenomenon, body or sub-
stance that may be distinguished qualitative-
ly and determined quantitatively

NOTES

1 The term quantity may refer to a quantity in

a general sense [see examples a)] or to a particu-
lar quantity [see examples b)].
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PRIKLADY

a) veli¢iny v obecném smyslu: délka, cas, hmota,
teplota, elektricky odpor, nasycenost latky;

b) blize uréené veliciny:
— délka urcité tyce
— elektricky odpor daného zkusebniho vzor-
ku dratu

— koncentrace latkového mnozstvi ethanolu
v daném vzorku vina.

2 Veli¢iny, které mohou byt navzdjem porovnany
a sefazeny podle velikosti, jsou nazyvany velic¢iny
stejného druhu.

3 Veli¢iny stejného druhu mohou byt spolecné se-
skupovany do kategorii veli¢in, napriklad:
— préce, teplota, energie;
— tloustka, obvod, vinova délka.

4 Znacky veli¢in jsou uvedeny v ISO 312,

[VIM:1993, definice 1.1 ]

B.2.2
hodnota (veli¢iny)

velikost jednotlivé veliciny obecné vyja-
dfend jako jednotka méreni nasobena
Cislem

PRIKLAD 1

Délka tyce: 5,34 m nebo 534 cm

PRIKLAD 2

Hmotnost télesa: 0,152 kg nebo 152 g

PRIKLAD 3

Latkové mnozstvi vzorku vody H,0: 0,012 mol nebo
12 mmol

POZNAMKA 1
Hodnota veli¢iny smi byt kladna, zdpornd nebo
nula.

POZNAMKA 2
Hodnota veli¢iny smi byt vyjadfena vice nez jednim
zplsobem.

POZNAMKA 3

Hodnoty veli¢iny o rozméru jedna jsou obecné vyjad-
fovany jako disté dislo.

POZNAMKA 4

Veli¢iny, které nemohou byt vyjadfeny jako jednotka
méreni ndsobena cislem se smi vyjadfovat odkazem

na konvenc¢ni referencni stupnici nebo na postup mé-
feni nebo na oboji

[VIM:1993, definition 1.18]
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EXAMPLES

a) quantities in a general sense: length, time,
mass, temperature, electrical resistance,
amount-of-substance concentration;

b) particular quantities
- length of a given rod
— electrical resistance of a given specimen of
wire
— amount-of-substance concentration of
ethanol in a given sample of wine.

2 Quantities that can be placed in order of magni-
tude relative to one another are called quantities
of the same kind.

3 Quantities of the same kind may be grouped to-
gether into categories of quantities, for example:

— work, heat, energy
— hickness, circumference, wavelength.

4 Symbols for quantities are given in ISO 31.

[VIM:1993, definition 1.1]

B.2.2
value (of a quantity)

magnitude of a particular quantity gene-
rally expressed as a unit of measurement
multiplied by a number

EXAMPLE 1
Length of a rod: 5,34 m or 534 cm.

EXAMPLE 2
Mass of a body: 0,152 kg or 152 g.

EXAMPLE 3
Amount of substance of a sample of water (H,0):
0,012 mol or 12 mmol.

NOTE 1
The value of a quantity may be positive, negative
or zero.

NOTE 2
The value of a quantity may be expressed in more
than one way.

NOTE 3
The values of quantities of dimension one are gene-
rally expressed as pure numbers.

NOTE 4

A quantity that cannot be expressed as a unit of me-
asurement multiplied by a number may be expressed
by reference to a conventional reference scale or to
a measurement procedure or to both.

[VIM:1993, definition 1.18]

2 ISO 31 Veli¢iny a jednotky byly nahrazeny ISO 80000 a IEC 80000 Veli¢iny a jednotky
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B.2.3

prava hodnota (veliciny)

hodnota, ktera je ve shodé s definici dané
blize urené velic¢iny

POZNAMKY

1 Toto je hodnota, kterd byla ziskdna naprosto
presnym (perfektnim) mérenim.

2 Pravé hodnoty jsou neurcitelného charakteru.

3 Ve spojitosti s pravou hodnotou se v anglické,
francouzské a némecké verzi pouziva spise neur-
ity ¢len (,,a", ,une”, ,ein”) nez ¢len urcity (,,the”,
Jla”, ,der”), protoZe se mlze vyskytovat mnoho
hodnot, které jsou ve shodé s definici dané blize
uréené veliciny.

[VIM:1993, definice 1.19]
Komentdr pokynu: Viz pfiloha D, zvlas-
té D.3.5, kterd uvadi dlvody, pro¢ termin
~prava hodnota” neni pouzity v tomto po-
kynu a proc terminy , prava hodnota mére-
né veli¢iny” nebo (veli¢iny) a ,hodnota mé-
fené veli¢iny” nebo (veli¢iny) jsou uvadény
jako ekvivalentni.

B.2.4

konven¢né prava hodnota

(mérené veliciny)

hodnota, ktera je pfifazovdna blize uréené

veli¢iné a prijata nékdy konvenci jako hod-

nota, jejiz nejistota je vyhovujici pro dany
ucel

PRIKLADY

a) v daném misté muze byt hodnota, kterd prislusi

veli¢iné realizované referencnim etalonem, pokla-
ddna za konvencné pravou hodnotuy;

b) Od CODATA (1986) doporucena hodnota Avogar-
dovy konstanty je N,: 6,022 136 7 x 102 mol™".

POZNAMKY

1 ,Konvencné pravd hodnota” je nékdy nazyvdna
jako stanovena hodnota, nejlepsi odhad hodno-
ty, konvencni hodnota nebo referencni hodnota.
«Referen¢ni hodnota” v tomto vyznamu nema byt
zaménovana za ,referencni hodnotu” ve vyznamu
pouzitém v poznamce k VIM: 1993, definice 5.7.

2 Ke stanoveni konvencné pravé hodnoty se ¢asto po-
uziva velkého poctu vysledkd méreni veliciny.
[VIM:1993, definice 1.20]

Komentar pokynu: Viz komentar pokynu
k B.2.3.
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B.2.3

true value (of a quantity)

value consistent with the definition of
a given particular quantity

NOTES

1 This is a value that would be obtained by a per-
fect measurement.

2 True values are by nature indeterminate.

3 The indefinite article “a,” rather than the defini-
te article “the,” is used in conjunction with “true
value” because there may be many values con-
sistent with the definition of a given particular
quantity.

[VIM:1993, definition 1.19]

Guide Comment: See annex D, in particular
D.3.5, for the reasons why the term “true
value” is not used in this Guide and why
the terms “true value of a measurand” (or
of a quantity) and “value of a measurand”
(or of a quantity) are viewed as equivalent.

B.2.4
conventional true value
(of a quantity)

value attributed to a particular quantity
and accepted, sometimes by convention,
as having an uncertainty appropriate for

a given purpose

EXAMPLES

a) at a given location, the value assigned to the

quantity realized by a reference standard may be
taken as a conventional true value;

b) the CODATA (1986) recommended value for the
Avogadro constant: 6,022 136 7 x 102 mol-".

NOTES

1 "Conventional true value” is sometimes called
assigned value, best estimate of the value, con-
ventional value or reference value. “Reference
value,” in this sense, should not be confused with
“reference value” in the sense used in the Note
to VIM: 1993, definition 5.7.

2 Frequently a number of results of measurements of
a quantity is used to establish a conventional true
value.

[VIM:1993, definition 1.20]

Guide Comment: See the Guide Comment
to B.2.3.
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B.2.5

méreni

soubor ¢innosti, jejichZ cilem je stanovit hod-
notu veliciny

POZNAMKA

Tyto ¢innosti mohou byt provadény automaticky.

[VIM:1993, definice 2.1]

B.2.6

princip méreni

védecky zaklad méreni

PRIKLADY

a) termoelektricky jev vyuzivany k méreni teploty;

b) Josephsonuv jev vyuzivany k méreni rozdilu elek-
trickych potenciall (elektrického napéti);

c) Dopplerlv jev vyuzivany k méreni rychlosti;

d) Ramanuv jev vyuzivany k méreni vino¢tu moleku-
[arnich vibraci.

[VIM:1993, definice 2.3]

B.2.7

metoda méreni

logicky sled po sobé nasledujicich genericky
popsanych ¢innosti, které jsou pouzivany pfi
mérenich

POZNAMKA

Metody méreni je dovoleno kvalifikovat raznymi zpUso-
by jako napriklad:

— substitu¢ni metoda
— diferencialni metoda

— nulova metoda.
[VIM:1993, definice 2.4]

B.2.8

postup méreni

soubor specificky popsanych cinnosti, které
jsou pouzivany pfi blize ur¢enych mérenich
podle dané metody méreni

POZNAMKA

Postup méreni je obvykle zaznamendn v dokumentu,
ktery je nékdy nazyvan ,postup méreni” (nebo meto-
dika méreni; zpisob méreni), a ktery je obvykle do-
statecné podrobny k tomu, aby umoznil operatorovi
provést méreni bez dodatecnych informaci.

[VIM:1993, definice 2.5]
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B.2.5

measurement

set of operations having the object of deter-
mining a value of a quantity

NOTE
The operations may be performed automatically.

[VIM:1993, definition 2.1]

B.2.6

principle of measurement

scientific basis of a measurement

EXAMPLES

a) the thermoelectric effect applied to the measure-
ment of temperature;

b) the Josephson effect applied to the measurernent of
electric potential difference;

¢) the Doppler effect applied to the measurement of
velocity;

d) the Raman effect applied to the measurement of
the wave number of molecular vibrations.

[VIM:1993, definition 2.3]

B.2.7

method of measurement

logical sequence of operations, described
generically, used in the performance of
measurements

NOTE

Methods of measurernent may be qualified in various
ways such as:

- substitution method

— differential method

— null method.

[VIM:1993, definition 2.4]

B.2.8

measurement procedure

set of operations, described specifically
used in the performance of particular mea-
surements according to a given method
NOTE

A measurement procedure s usually recorded in
a document that is sometimes itself called a “mea-
surement procedure” (or a measurement method)
and is usually in sufficient detail to enable an operator
to carry out a measurement without additional infor-
mation.

[VIM:1993, definition 2.5]
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B.2.9

mérena velicina

blize urcend velicina, ktera je predmétem
méreni

PRIKLAD

Tlak pary daného vzorku vody pfi 20 °C.
POZNAMKA

Specifikace mérené veliciny mUze vyZadovat uUdaje
o dalsich velic¢inach jako je cas, teplota a tlak.

[VIM:1993, definice 2.6]

B.2.10

ovliviujici velicina

veli¢ina, kterd neni mérenou veli¢inou, kterd
viak ovliviiuje vysledek méreni

PRIKLADY

1) Teplota mikrometru pouzitého k méreni délky;

2) Frekvence pfi méreni amplitudy stfidavého elek-
trického napéti;

3) Koncentrace bilirubinu pfi méfeni koncentrace
hemoglobinu ve vzorku lidské krevni plazmy.

[VIM:1993, definice 2.7]

Komentar pokynu: Definice ovliviujici veliCiny
je minéna tak, ze zahrnuje hodnoty spoje-
né s etalony, referencnimi materialy a refe-
renénimi daty, na kterych muze byt zavisly
vysledek méreni a rovnéz takové jevy, jako
rychlé kolisdni mériciho pfristroje a velicin,
jako teplota okoli, atmosféricky tlak a vlh-
kost.

B.2.11

vysledek méreni

hodnota ziskana mérenim a prifazena k mé-
fené veli¢iné

POZNAMKY

1 Pokud se jedna o vysledek, ma se vyjasnit, jestli se
tim odkazuje na:

- indikaci
- nekorigovany vysledek

- korigovany vysledek a zda se jedna o priimér
ziskany z nékolika hodnot

2 Uplny udaj vysledku méfeni obsahuje informaci
o nejistoté méreni.

[VIM:1993, definice 3.1]
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B.2.9

measurand

particular quantity subject to measure-
ment

EXAMPLE

Vapour pressure of a given sample of water at 20 °C.

NOTE

The specification of a measurand may require statements
about quantities such as time, temperature and
pressure.

[VIM:1993, definition 2.6]

B.2.10

influence quantity

quantity that is not the measurand but

that affects the result of the measurement

EXAMPLES

1) Temperature of a micrometer used to measure
length;

2) Frequency in the measurement of the amplitude
of an alternating electric potential difference:

3) Bilirubin concentration the measurement of ha-
emoglobin concentration in a sample of human
blood plasma.

[VIM:1993, definition 2.7]

Guide Comment: The definition of influen-
ce quantity is understood to include values
associated with measurement standards,
reference materials, and reference data
upon which the result of a measurement
may depend, as well as phenomena such as
short-term measuring instrument fluctuati-
ons and quantities such as ambient tempe-
rature, barometric pressure, and humidity.
B.2.11

result of a measurement

value attributed to a measurand, obtained by
measurement

NOTES

1 When a result is given, it should be made clear
whether it refers to:

— the indication
— the uncorrected result

— the corrected result and whether several va-
lues are averaged

2 A complete statement of the result of a measu-
rement includes information about the uncertainty
of measurement.

[VIM:1993, definition 3.1]

80



B.2.12

nekorigovany vysledek

vysledek méreni pred korigovanim syste-
matické chyby

[VIM:1993, definice 3.3]

B.2.13

korigovany vysledek

vysledek méreni po korigovani systematic-
ké chyby

[VIM:1993, definice 3.4]

B.2.14

presnost méreni

tésnost shody mezi vysledkem méreni a pra-
vou hodnotou mérené veliciny

POZNAMKY
1 ,Presnost” je kvalitativni pojem.

2 Pojem precision nema byt pouzivan pro vyznam
L~presnosti”.

[VIM:1993, definice 3.5]

Komentaf pokynu: Viz komentar pokynu

k B.2.3.

B.2.15

opakovatelnost (vysledk( méreni)

tésnost shody mezi vysledky po sobé nasle-
dujicich méreni téZze mérené veliciny, prove-
denych za stejnych podminek méreni

POZNAMKY
1 Tyto podminky se nazyvaji podminky opakovatel-
nosti.

2 Podminky opakovatelnosti zahrnuiji:
— tentyz postup méreni,
- téhoZ pozorovatele,
— tentyZ méfici pfistroj, pouzity za stejnych pod-
minek,
— totéz misto,
— opakovani v prlbéhu kratké ¢asové periody.

3 Opakovatelnost mlze byt kvantitativné vyjadre-
nd charakteristikami rozptyleni vysledk.

[VIM:1993, definice 3.6]
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B.2.12

uncorrected result

result of a measurement before correction
for systematic error

[VIM:1993, definition 3.3]

B.2.13

corrected result

result of a measurement after correction
for systematic error

[VIM:1993, definition 3.4]

B.2.14

accuracy of measurement

closeness of the agreement between the
result of a measurement and a true value
of the measurand

NOTES

1 “Accuracy” is a qualitative concept.

2 The term precision should not be used for "accu-
racy,”

[VIM:1993, definition 3.5]

Guide Comment: See the Guide Comment
to B.2.3.

B.2.15

repeatability (of results of measurements)
closeness of the agreement between the
results of successive measurements of
the same measurand carried out under the
same conditions of measurement

NOTES
1 These conditions are called repeatability conditi-
ons.

2 Repeatability conditions include:
— the same measurement procedure
- the same observer

— the same measuring instrument, used under
the same conditions

- the same location
- repetition over a short period of time.

3 Repeatability rnay be expressed quantitatively in
terms of the dispersion characteristics of the re-
sults.

[VIM:1993, definition 3.6]
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B.2.16

reprodukovatelnost (vysledki méreni)
tésnost shody mezi vysledky méreni stejné
mérené veliciny provedenych za zménénych
podminek méreni

POZNAMKY
1 Platné prohlaseni o reprodukovatelnosti vyZzaduje
specifikaci zménénych podminek.

2 Zménéné podminky mohou obsahovat

— princip méreni nebo metodu méreni,

— pozorovatele,

— méfici pfistroj,

- referendni etalon,
—  misto,

— podminky pouZziti,
- (as.

3 Reprodukovatelnost muUze byt kvantitativné
vyjadfena charakteristikami rozptyleni vysledkd.

4 \Vysledky se obvykle povazuji za korigované vy-
sledky.

[VIM:1993, definice 3.7]

B.2.17

vybérova smérodatna odchylka

pro sérii n méreni téze mérené veliciny je
to velic¢ina s(q,) charakterizujici rozptyleni
vysledku a je ddna rovnici

s(q,) =

q, je vysledek k-tého méfeni a g je aritmetic-
ky prmér n uvazovanych vysledk.

POZNAMKY
1 UvaZuje-li se série n hodnot jako vzorek rozdé-

leni, pak g je nahodny odhad stfedni hodnoty
U, as*(q,) je nahodny odhad rozptylu ¢* tohoto
rozdéleni.

2 \Wraz s(qk)/\/; je odhad smérodatné odchylky roz-

déleni g a nazyva se vybérova smérodatna od-
chylka stredni hodnoty.

27:1 (qj - 6)2

n-1
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B.2.16

reproducibility (of results of measurements)
closeness of the agreement between the
results of measurements of the same mea-
surand carried out under changed condi-
tions of measurement

NOTES
1 A valid statement of reproducibility requires
specification of the conditions changed.

2 The changed conditions may include:

— principle of measurement or method of mea-
surement,

— observer

— measuring instrument
- reference standard

— location

— conditions of use

- time.

3 Reproducibility may be expressed quantitatively
in terms of the dispersion characteristies of the
results.

4 Results are here usually understood to be corrected
results.

[VIM:1993, definition 3.7]

B.2.17

experimental standard deviation

for a series of n measurements of the same
measurand, the quantity s(q,) characteriz-
ing the dispersion of the results and given
by the formula:

q, being the result of the kth measurement

and g being the arithmetic mean of the

n results considered

NOTES

1 Considering the series of n values as a sample of
a distribution, g is an unbiased estimate of the

mean u_ and s*(q,) is an unbiased estimate of the
variance o2, of that distribution.

2 The expression s(qk)/\/; is an estimate of the

standard deviation of the distribution of g and
is called the experimental standard deviation of
the mean
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3 ,Vybérova smérodatna odchylka stfedni hodnoty”
je nékdy nesprdvné nazyvdna smérodatnd chyba
stfedni hodnoty.

4 Prevzato z VIM: 1993, definice 3.8

Komentar pokynu: Nékteré znacky uzivané ve VIM
byly zménény, aby se dosahlo shody s oznacenim po-
uzitym v 4.2 tohoto pokynu.

B.2.18

nejistota (méreni)

parametr pfifazeny k vysledku méreni,

ktery charakterizuje rozptyleni hodnot,

které by mohly byt dlvodné pfifazeny

k mérené veliciné

POZNAMKY

1 Timto parametrem muze byt napriklad smérodat-
na odchylka (nebo jeji dany nasobek) nebo polo-
vi¢ni Sitka intervalu, jehoz konfidencni Uroven je
stanovena.

2 Nejistota méreni obecné zahrnuje mnoho slozek.
Nékteré z téchto slozek mohou byt vyhodnoceny
ze statistického rozdéleni vysledkl série méreni
a mohou byt charakterizovdny vybérovymi smé-
rodatnymi odchylkami. Jiné slozky, které mohou
byt rovnéz charakterizovany smérodatnymi od-
chylkami, jsou vyhodnocené z predpokladanych
rozdéleni pravdépodobnosti sestavenych na za-
kladé zkuSenosti nebo jinych informaci.

3 Predpoklada se, ze vysledek méreni je nejlepsim
odhadem hodnoty mérené veliciny, a Zze k roz-
ptyleni pfispivaji viechny slozky nejistoty vcetné
téch, které vznikaji ze systematickych vlivd, jako
jsou slozky spojené s korekcemi a referencnimi
etalony.

[VIM:1993, definice 3.9]

Komentar pokynu: Je zdlraznéno, ze tato
definice a poznamky, uvedené ve VIM, jsou
identické s poznamkami uvedenymi v tomto
pokynu (viz 2.2.3).

B.2.19

chyba (méreni)

vysledek méreni minus pravd hodnota mére-
né veli¢iny

POZNAMKY

1 ProtoZe pravou hodnotu nelze urcit, pouziva se

v praxi konvencné pravd hodnota (viz VIM: 1993,
definice 1.19 [B.2.3] a 1.20 [B.2.4]).

2 Pokud je nutné rozlisit ,chybu” od ,relativni chy-
by”, je ,chyba” nékdy nazyvdna absolutni chy-
bou méreni. To se nema zaménovat s absolutni
hodnotou chyby, coz je modul chyby.

[VIM:1993, definice 3.10]
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3 "Experimental standard deviation of the mean” is
sometimes incorrectly called standard error of the
mean.

4 Adopted from VIM: 1993, definition 3.8

Guide Comment: Some of the symbols used in the
VIM have been changed in order to achieve consi-
stency with the notation used in 4.2 of this Guide.

B.2.18

uncertainty (of measurement)

parameter, associated with the result of
a measurement, that characterizes the dis-
persion of the values that could reasonably
be attributed to the measurand

NOTES

1 The parameter may be, for example, a standard
deviation (or a given multiple of it), or the half-
-width of an interval having a stated level of con-
fidence.

2 Uncertainty of measurement comprises, in ge-
neral, many components. Some of these compo-
nents may be evaluated from the statistical dis-
tribution of the results of series of measurements
and can be characterized by experimental stan-
dard deviations. The other components, which
can also be characterized by standard deviations,
are evaluated from assumed probability distribu-
tions based on experience or other information.

3 Itis understood that the result of the measurement
is the best estimate of the value of the measurand,
and that all components of uncertainty, inclu-
ding those arising from systematic effects, such
as components associated with corrections and
reference standards, contribute to the dispersion.

[VIM:1993, definition 3.9]

Guide Comment: It is pointed out in the
VIM that this definition and the notes are
identical to those in this Guide (see 2.2.3).

B.2.19

error (of measurement)

result of a measurement minus a true val-
ue of the measurand

NOTES

1 Since a true value cannot be determined, in practi-

ce a conventional true value is used (see VIM:
1993, definitions 1.19 [B.2.3] and 1.20 [B.2.4]).

2 When it is necessary to distinguish “error” from
“relative error,” the former is sometimes called
absolute error of measurement. This should not
be confused with absolute value of error, which is
the modulus of the error.

[VIM:1993, definition 3.10]
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Komentar pokynu: Jestlize vysledek mére-
ni je zavisly na hodnotach jinych veli¢in nez
mérené veli¢iny, chyby mérenych hodnot
téchto velic¢in pfispivaji k chybé vysledku
méreni. Viz také komentar pokynu k B.2.22
aB.2.3.

B.2.20

relativni chyba

chyba méreni délend pravou hodnotou
mérené veliciny

POZNAMKA

KdyZ pravd hodnota nemuze byt urcend, je v praxi po-
uzita konvencni pravd hodnota (viz VIM: 1993, defi-
nice 1.19 [B.2.3] a 1.20 [B.2.4]).

[VIM:1993, definice 3.12]

Komentaf pokynu: Viz komentar pokynu
k B.2.3.

B.2.21

nahodna chyba

vysledek méreni minus stfedni hodnota,

ktera by vznikla z nekone¢ného poctu mé-

feni téze mérené veliCiny uskutecnénych za

podminek opakovatelnosti

POZNAMKY

1 Nahodnd chyba je chyba minus systematicka
chyba.

2 Protoze mUze byt proveden pouze konecny pocet
mérfeni, je mozné urcit pouze odhad nadhodné
chyby.

[VIM:1993, definice 3.13]

Komentar pokynu: Viz poznamka pokynu

k B.2.22.

B.2.22

systematicka chyba

stfedni hodnota, ktera by vznikla z neko-

necného poc¢tu méreni téze mérené veli¢iny

uskutecnénych za podminek opakovatelnos-
ti, od které se odecte pravd hodnota mére-
né veliciny

POZNAMKY

1 Systematickd chyba je rovna chybé minus nahodna
chyba.

2 Jak pravd hodnota, tak systematickd chyba a jeji
priciny nemohou byt zcela znamé.

3 Pro mé¥ici pfistroj, viz ,chyba spravnosti (méficiho
pfistroje)” (VIM: 1993, definice 5.25).

[VIM:1993, definice 3.14]
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Guide Comment: If the result of a measu-
rement depends on’ the values of quanti-
ties other than the measurand, the errors
of the measured values of these quanti-
ties contribute to the error of the result of
the measurement. Also see the Guide Co-
mment to B.2.22 and to B.2.3.

B.2.20

relative error

error of measurement divided by a true
value of the measurand

NOTE

Since a true value cannot be determined, in practice

a conventional true value is used (see VIM: 1993, de-
finitions 1.19 [B.2.3] and 1.20 [B.2.4]).

[VIM:1993, definition 3.12]

Guide Comment: See the Guide Comment
to B.2.3.

B.2.21

random error

result of a measurement minus the mean

that would result from an infinite number

of measurements of the same measurand

carried out under repeatability conditions

NOTES

1 Random error is equal to error minus systematic
error.

2 Because only a finite number of measurements
can be made, it is possible to determine only an
estimate of random error.

[VIM:1993, definition 3.13]

Guide Comment: See the Guide Comment
to B.2.22.

B.2.22

systematic error

mean that would result from an infinite

number of measurements of the same

measurand carried out under repeatability

conditions minus a true value of the mea-

surand

NOTES

1 Systematic error is equal to error minus random
error.

2 Like true value, systematic error and its causes
cannot be completely known.

3 For a measuring instrument, see “bias” (VIM:
1993, definition 5.25).

[VIM:1993, definition 3.14]
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Komentai pokynu: Casto je dovoleno uva-
Zovat, Ze chyba vysledku méreni (viz B.2.19)
vyplyvd z nékolika nahodnych a systematic-
kych vliv,, kde chyby jednotlivych slozek
prispivaji k chybé vysledku méreni. Viz také
poznamky pokynu k B.2.19 a B.2.3.

B.2.23

korekce

algebraicky pfi¢tena hodnota k nekorigova-
nému vysledku méreni ke kompenzaci sys-
tematické chyby

POZNAMKY

1 Korekce je rovna zaporné hodnoté odhadu syste-
matické chyby.

2 Protoze systematickd chyba nemuze byt presné
zndma, tak kompenzace nemUze byt Uplna.

[VIM:1993, definice 3.15]

B.2.24

korek¢ni soucinitel

Ciselny soucinitel, kterym se nasobi neko-
rigovany vysledek méfeni ke kompenzaci
systematické chyby

POZNAMKA

Protoze systematicka chyba nemdze byt presné zna-
ma, tak kompenzace nemuze byt uplna.

[VIM:1993, definice 3.16]
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Guide Comment: The error of the result
of a measurement (see B.2.19) may often
be considered as arising from a number of
random and systematic effects that con-
tribute individual components of error to
the error of the result. Also see the Guide
Comment to B.2.19 and to B.2.3.

B.2.23

correction

value added algebraically to the uncorrect-
ed result of a measurement to compensate
for systematic error

NOTES

1 The correction is equal to the negative of the es-
timated systematic error.

2 ince the systematic error cannot be known per-
fectly, the compensation cannot be complete.

[VIM:1993, definition 3.15]

B.2.24

correction factor

numerical factor by which the uncorrected re-
sult of a measurement. is multiplied to com-
pensate for systematic error

NOTE

Since the systematic error cannot be known perfect-
ly, the compensation cannot be complete.

[VIM:1993, definition 3.16]
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Priloha C
Zakladni statistické terminy a pojmy
C.1 Zdroj definic

Definice zakladnich statistickych termin0
uvedené v této pfiloze jsou prevzaté z me-
zinarodni normy ISO 3534-1: 1993 [7]. Tato
norma ma byt také prvnim zdrojem kon-
zultace pokud jde o definice termind, které
zde nejsou uvedeny. Nékteré tyto terminy
a jejich zakladni pojmy jsou podrobnéji vy-
svétleny v C.3, i kdyz jejich formalni defi-
nice jsou uvedeny v C.2, aby se zjednodu-
Silo dalsi pouziti tohoto pokynu. Aviak C.3,
ktera také obsahuje definice nékterych pri-
buznych terminu, neni zalozena pfimo na
ISO 3534-1: 1993.

C.2 Definice

Jak je uvedeno v kapitole 2 a pfiloze B zna-
mena pouziti zavorek okolo urcitych slov
nékterych termind, ze tato slova mohou byt
vynechana, pokud je pravdépodobné, ze vy-
nechani nezpUsobi nejasnosti.

Terminy C.2.1 az C.2.14 jsou definovany
v pojmech vlastnosti zakladniho celku.
Vyrazy C.2.15 az C.2.31 se vztahuji k mno-
ziné pozorovani (viz citace [7]).

C.21

pravdépodobnost

redlné Cislo v rozsahu od 0 do 1 pfifazené na-
hodnému jevu

POZNAMKA

Muze byt ve vztahu k dlouhodobé relativni ¢etnosti

jevu nebo ke stupni davéry, Ze jev nastane. PFi vyso-
kém stupni divéry je pravdépodobnost blizka 1.

[I1SO 3534-1:1993, definice 1.1]

C2.2

nahodna velicina

veli¢ina, ktera smi nabyvat jakoukoliv hod-
notu z ur¢ité mnoziny hodnot, a s niz je
spojeno rozdéleni pravdépodobnosti (ISO
3534-1: 1993, definice 1.3, [C.2.3])

POZNAMKY

1 Nahodna veli¢ina, kterd smi nabyvat pouze izo-
lované hodnoty, se nazyva ,diskrétni”. Nahodna
veli¢ina, kterd muaze nabyvat jakékoliv hodnoty
z kone¢ného nebo nekone¢ného intervalu, se na-
zyva ,spojita”.
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Annex C
Basic statistical terms and concepts
C.1 Source of definitions

The definitions of the basic statistical
terms given in this annex are taken from
International Standard ISO 3534-1: 1993
[7]. This should be the first source consulted
for the definitions of terms not included
here. Some of these terms and their under-
lying concepts are elaborated upon in C.3
following the presentation of their for-
mal definitions in C.2 in order to facilita-
te further the use of this Guide. However,
C.3, which also includes the definitions of
some related terms, is not based directly
on ISO 3534-1: 1993.

C.2 Definitions

as in clause 2 and annex B, the use of pa-
rentheses around certain words of some
terms means that the words may be omit-
ted if this is unlikely to cause confusion.

Terms C.2. 1 to C.2. 14 are defined in terms
of the properties of populations. The defini-
tions of terms C.2. 15 to C.2.31 are related
to a set of observations (see reference [7]).

C.2.1

probability

a real number in the scale 0 to 1 attached to
a random event

NOTE

It can be related to a long-run relative frequency of
occurrence or to a degree of belief that an event will

occur For a high degree of belief, the probability is
near 1.

[I1SO 3534-1:1993, definition 1.1]

C.2.2

random variable; variate

a variable that may take any of the values
of a specified set of values and with which
is associated a probability distribution (ISO
3534-1: 1993, definition 1.3 [C.2.3])

NOTES

1 A random variable that may take only isolated
values is said to be “discrete.” A random variable
which may take any value within a finite or infi-
nite interval is said to be “continuous”.
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2 Pravdépodobnost jevu A se znaci Pr(A) nebo P(A).

[I1SO 3534-1:1993, definice 1.2]

Komentar k pokynu: Znacka Pr(A) je pouzita
v tomto pokynu misto znacky P (A) uzitém
v ISO 3534-1: 1993.

c.23

rozdéleni pravdépodobnosti

(ndhodné veliciny)

funkce uddvajici pravdépodobnost, Zze na-
hodnad veli¢ina nabyva dané hodnoty nebo
patfi do dané mnoziny hodnot

POZNAMKA

Pravdépodobnost mnoziny vsech hodnot nahodné
veli¢iny je rovna 1.

[ISO 3534-1:1993, definice 1.3]

C.24

distribucni funkce

funkce, udavajici pro kazdou hodnotu x
pravdépodobnost, Ze nahodna velic¢ina X je
mensi nebo rovna x
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2 The probability of an event A is denoted by Pr(A) or
P(A).

[I1SO 3534-1:1993, definition 1.2]

Guide Comment: The symbol Pr(A) is used
in this Guide in place of the symbol P(A)
used in ISO 3534-1: 1993.

Cc23
probability distribution
(of a random variable)

a function giving the probability that a ran-
dom variable takes any given value or be-
longs to a given set of values

NOTE

The probability on the whole set of values of the
random variable equals 1.

[ISO 3534-1:1993, definition 1.3]

c.24

distribution function

a function giving, for every value x, the
probability that the random variable X be
less than or equal to x

F(x) = Pr(X <x)

[ISO 3534-1:1993, definice 1.4]

C.2.5
hustota pravdépodobnosti

(spojité nahodné veliciny)
derivace (pokud existuje) distribu¢ni funkce:

[ISO 3534-1:1993, definition 1.4]
2.5
probability density function C.

(for a continuous random variable)
the derivative (when it exists) of the distri-
bution function:

f(x) = dF(x)/dx

POZNAMKA
f(x)dx je ,pravdépodobnostni element”:

NOTE
f(x) dx is the “probability element”:

F()dx = Pr(x < X < x + dx)

[I1SO 3534-1:1993, definice 1.5]

C.2.6

pravdépodobnostni funkce

funkce udavajici pro kazdou hodnotu x;
diskrétni ndhodné veliciny X pravdépodob-
nost p, Ze nahodna veli¢ina je rovna x,

[I1SO 3534-1:1993, definition 1.5]

C.2.6

probability mass function

a function giving, for each value x; of a dis-
crete random variable X, the probability p,
that the random variable equals x;

p,=Pr(X =x)

[I1SO 3534-1:1993, definice 1.6]

[I1SO 3534-1:1993, definition 1.6]
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Cc.2.7

parametr

velicina pouzivand pfi popisu rozdéleni
pravdépodobnosti nahodné velic¢iny

[ISO 3534-1:1993, definition 1.12]

C.2.8

korelace

vztah mezi dvéma nebo nékolika ndhodny-
mi veli¢inami v ramci rozdéleni dvou nebo
vice nahodnych veli¢in

POZNAMKA

Vétsina statistickych mér korelace méfi pouze stupen
linedrniho vztahu.

[I1SO 3534-1:1993, definice 1.13]

Cc.2.9

stredni hodnota (ndhodné veli¢iny nebo roz-

déleni pravdépodobnosti);

ocekavana hodnota;

pramér

1 Pro diskrétni ndhodnou veli¢inu X naby-
vajici hodnot x; s pravdépodobnostmi p,
je stfedni hodnota, pokud existuje
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C.2.7

parameter

a quantity used in describing the probability
distribution of a random variable.

[ISO 3534-1:1993, definition 1.12]

C.2.8

correlation

the relationship between two or several ran-
dom variables within a distribution of two
or more random variables.

NOTE

Most statistical measures of correlation measure
only the degree of linear relationship.

[I1SO 3534-1:1993, definition 1.13]

C.2.9

expectation (of a random variable or of
a probability distribution);

expected value;

mean

1 For a discrete random variable X taking
the values x; with the probabilities p, the
expectation, if it exists, is

M= E(X):ZP/X/

pricemz soucet se bere pres viechny hod-
noty x, které veli¢ina X mlze nabyvat.
2 Pro spojitou nahodnou veli¢inu X majici

hustotu pravdépodobnosti f(x), je stied-
ni hodnota, pokud existuje

the sum being extended over ail the va-
lues x. which can be taken by X.

2 For a continuous random variable X ha-
ving the probability density function
f(x) the expectation, if it exists, is

y:E(X):Ixf(x)dx

pricemz se integruje pres cely defini¢ni
interval (celé defini¢ni intervaly) velici-
ny X.

[ISO 3534-1:1993, definice 1.18]

C.2.10

centrovana nahodna velicina

nahodna velicina, jejiz stfedni hodnota je
rovna nule

POZNAMKA

Nahodné veli¢iné X se stfedni hodnotou x, odpovida
centrovana nahodna veli¢ina (X — p).

[I1SO 3534-1:1993, definice 1.21]

the integral being extended over the in-
terval(s) of variation of X.

[ISO 3534-1:1993, definition 1.18]

Cc.2.10

centred random variable

a random variable the expectation of which
equals zero

NOTE

If the random variable X has an expectation equal

to u, the corresponding centred random variable is
X-w).

[I1SO 3534-1:1993, definition 1.21]
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C.2.11

rozptyl (ndhodné veli¢iny nebo rozdéleni
pravdépodobnosti)

stfedni hodnota druhé mocniny centrované
nahodné veliciny (ISO 3534-1: 1993, defini-
ce 1.21 [C.2.10]):
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C.2.11

variance (of arandom variable or of a prob-
ability distribution)

the expectation of the square of the cen-
tred random variable (1ISO 3534-1: 1993,
definition 1.21 [C.2.10]):

0% = V(X) = E{[X - E(X)]}

[1SO 3534-1:1993, definice 1.21]

C.2.12

smérodatnd odchylka (nahodné velici-
ny nebo rozdéleni pravdépodobnosti)
kladné vzata druhd odmocnina z rozptylu:

[I1SO 3534-1:1993, definition 1.21]

C.2.12

standard deviation (of a random vari-
able or of a probability distribution)

the positive square root of the variance:

o =+V(X)

[I1SO 3534-1:1993, definice 1.23]

C.2.13

centralni moment?® fadu g

v jednorozmérném rozdéleni, stfredni hod-
noty g-té mocniny centrované nahodné ve-
liciny (X — p):

[ISO 3534-1:1993, definition 1.23]

C.2.13

central moment® of order g

in a univariate distribution, the expecta-
tion of the gqth power of the centred ran-
dom variable (X - u):

EIX =) 9]
POZNAMKA NOTE
Centralni moment druhého fadu je rozptyl The central moment of order 2 is the variance

(ISO 3534-1: 1993, definice 1.22, [C.2.11]) ndhodné
velic¢iny X.

[ISO 3534-1:1993, definice 1.28]

C.2.14

normalni rozdéleni

Laplaceovo-Gaussovo rozdéleni

rozdéleni pravdépodobnosti spojité na-
hodné veli¢iny X, jejiz hustota rozdéleni je

Pro — o0 < X < 4 o

POZNAMKA
L je stfedni hodnota a g je smérodatna odchylka normal-
niho rozdéleni.

[ISO 3534-1:1993, definice 1.37]

(ISO 3534-1: 1993, definition 1.22 [C.2. 11]) of the ran-
dom variable X.

[ISO 3534-1:1993, definition 1.28]

C.2.14

normal distribution

Laplace-Gauss distribution

the probability distribution of a continu-
ous random variable X, the probability
density function of which is

J{X-#T
2| o
for—oo<x<+

NOTE
1 is the expectation and ¢ is the standard deviation
of the normal distribution.

[ISO 3534-1:1993, definition 1.37]

3) Nahradi-li se v definicich momentu veliciny X, X —a, Y, Y - b, atd., svymi absolutnimi hodnotami IXI,
IX —al, IY - bl, atd., definuji se dalSi momenty, které se nazyvaji , absolutni momenty”.
3) If, in he defininion of the moments, the quantities X, X—a, Y, Y- b, etc. are replaced by their absolute

values, i.e. IXI, IX - al, IY - bl, etc., other moments called ,,absolute moments” are defined.
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C.2.15

charakteristika

vlastnost, ktera v daném zakladnim sou-
boru pomaha identifikovat jednotku nebo
rozliSovat mezi jednotkami

POZNAMKA

Charakteristika mUzZe byt bud kvantitativni (rozlisi-

telnd mérenim — pro veli¢iny) nebo kvalitativni (rozli-
Sitelnd srovnanim — pro vlastnosti).

[I1SO 3534-1:1993, definice 2.2]

C.2.16

(zakladni) soubor

souhrn viech uvazovanych jednotek
POZNAMKA

V pripadé ndhodné velic¢iny se uvazuje o rozdéleni
pravdépodobnosti (ISO 3534-1: 1993, definice 1.3,
[C.2.3]), aby se vymezil zékladni soubor pro tuto ve-
licinu.

[ISO 3534-1:1993, definice 2.3]

C.2.17

Cetnost

pocet vyskytu jevu daného typu nebo pocet
pozorovani, ktera patfi do urcité tridy

[ISO 3534-1:1993, definice 2.11]

C.2.18

rozdéleni ¢etnosti

empiricky vztah mezi hodnotami charakte-
ristiky a jejich cetnostmi nebo jejich relativ-
nimi ¢etnostmi

POZNAMKA

Rozdéleni je dovoleno graficky znazornit histogramem
(ISO 3534-1: 1993, definice 2.17), sloupcovym dliagra-
mem (ISO 3534-1: 1993, definice 2.18), polygonem ku-
mulativnich cetnosti (ISO 3534-1: 1993, definice 2.19)

nebo dvourozmérnou tabulkou (1ISO 3534-1: 1993,
definice 2.22).

[I1SO 3534-1:1993, definice 2.15]

C.2.19

aritmeticky pramér;

vybérovy pramér

soucet hodnot déleny jejich po¢tem

POZNAMKY

1 Anglicky termin ,mean” se pouzivd obecné ve
vztahu k parametru souboru, termin ,average”
ve vztahu k vysledku vypoctu z udajd ziskanych na
zakladé vybéru.
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C.2.15

characteristic

a property which helps to identify or dif-
ferentiate between items of a given popu-
lation

NOTE

The characteristic may be either quantitative (by va-
riables) or qualitative (by attributes).

[I1SO 3534-1:1993, definition 2.2]

C.2.16

population

the totality of items under consideration
NOTE

In the case of a random variable, the probability dis-

tribution (1ISO 3534-1: 1993, definition 1.3 [C.2.3]) is
considered to define the population of that variable.

[ISO 3534-1:1993, definition 2.3]

C.2.17

frequency

the number of occurrences of a given type
of event or the number of observations fall-
ing into a specified class

[ISO 3534-1:1993, definition 2.11]

C.2.18

frequency distribution

the empirical reiationship between the val-
ues of a characteristic and their frequencies
or their relative frequencies

NOTE

The distribution may be graphically presented as
a histogram (I1SO 3534-1: 1993, definition 2.17), bar
chart (ISO 3534-1: 1993, definition 2.18), cumulative
frequency polygon (ISO 3534-1: 1993, definition
2.19), or as a two-way table (ISO 3534-1: 1993, defi-
nition 2.22).

[I1SO 3534-1:1993, definition 2.15]

C.2.19

arithmetic mean;

average

the sum of values divided by the number

of values

NOTES

1 The term “mean” is used generally when referring
to a population parameter and the term “aver-

age” when referring o the result of a calculation on
the data obtained in a sample.
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2 Aritmeticky primér prostého ndhodného vybéru
odebraného ze zakladniho souboru je nestran-
nym odhadem stfedni hodnoty tohoto zaklad-
niho souboru. Nékdy se nicméné pouziva jinych
odhadd, jako napfiklad geometricky nebo har-
monicky prdmér nebo vybérovy median nebo vybé-
rovy modus.

[I1SO 3534-1:1993, definice 2.26]

C.2.20

vybérovy rozptyl

mira rozptyleni, kterd je souctem ctvercd
odchylek pozorovani od prdméru délenym
poctem pozorovani zmensenym o jedno
pozorovani

PRIKLAD

Pro n pozorovani x,, x,, ..., X, s primérem
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2 The average of a simple random sample taken
from a population is an unbiased estimator of
the mean of this population. However, other esti-
mators, such as the geometric or harmonic mean,
or the median or mode, are sometimes used.

[I1SO 3534-1:1993, definition 2.26]

C.2.20

variance

a measure of dispersion, wich is the sum of
the squared deviations of observations for
their average divided by one less than the
number of observations

EXAMPLE
For n observations x,, x,, ..., X with average

)‘(:(1/n)2x,

je vybérovy rozptyl

POZNAMKY

1 Vybérovy rozptyl je nestrannym odhadem rozpty-
lu zdkladniho souboru.

2 Vybérovy rozptyl je n/(n-1) nasobek vybérového
centralniho momentu fadu 2 (viz poznamka k 1ISO
3534-1: 1993, definice 2.39).

[I1SO 3534-1:1993, definice 2.33]

Komentar pokynu: Zde stanoveny rozptyl
lépe vystihuje navrzeny ,vybérovy odhad
rozptylu zakladniho souboru”. Vybérovy
rozptyl je obvykle definovan jako centralni
moment druhého radu pro vybérové hodno-
ty (viz C.2.13 2 C.2.22).

C.2.21

vybérova smérodatna odchylka

kladné vzata druha odmocnina z vybérové-
ho rozptylu

POZNAMKA

Vybérova smérodatna odchylka je vychyleny odhad
smérodatné odchylky zakladniho souboru.

[I1SO 3534-1:1993, definice 2.34]

the variance is

NOTES

1 The sample variance is an unbiased estimator of
the population variance.

2 Thevariance is n/(n - 1) times the central moment
of order 2 (see note to I1SO 3534-1: 1993, defini-
tion 2.39).

[ISO 3534-1:1993, definition 2.33]

Guide Comment: The variance defined
here is more appropriately designated the
“sample estimate of the population vari-
ance.” The variance of a sample is usually
defined to be the central moment of order
2 of the sample (see C.2.13 and C.2.22).

C.2.21

standard deviation
the positive square root of the variance

NOTE
The sample standard deviation is a biased estimator of
the population standard deviation

[I1SO 3534-1:1993, definition 2.34]
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C.2.22

vybérovy centrdlni moment fadu q

v rozdéleni jedné charakteristiky, aritmetic-
ky pramér g-tych mocnin rozdild mezi po-
zorovanymi hodnotami a jejich primérem
X:
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C.2.22

central moment of order q

in a distribution of a single characteristic,
the arithmetic mean of the gth power of
the difference between the observed val-
ues and their average x:

L3 (x - %)

n-w

kde n je pocet pozorovani
POZNAMKA
Vybérovy centralni moment rfadu 1 je roven nule.

[ISO 3534-1:1993, definice 2.37]

C.2.23

statistika

funkce vybérovych nahodnych veli¢in
POZNAMKA

Statistika jako funkce ndhodnych veli¢in, je rovnéz
nahodnou veli¢inou a jako takova nabyva od vybéru
k vybéru raznych hodnot. Hodnota statistiky ziskana
pouZitim pozorovanych hodnot v této funkci by se
dala pouzit pfi statistickych testech nebo jako odhad
parametru zdkladniho souboru jako je stfedni hod-
nota nebo smérodatna odchylka.

[I1SO 3534-1:1993, definice 2.45]

C.2.24

odhadovani

¢innost, kdy se na zakladé pozorovani ve
vybéru pfifazuji ciselné hodnoty paramet-
ram rozdéleni, které bylo zvoleno jako sta-
tisticky model zadkladniho souboru z néhoz
byl odebran vybér

POZNAMKA

Vysledek této cinnosti mUzZe byt vyjadien jedinou
hodnotou (bodovy odhad, (ISO 3534-1: 1993, de-
finice 2.51 [C.2.26]) nebo jako intervalovy odhad

(viz ISO 3534-1: 1993, definice 2.57 [C.2.27] a 2.58
[C.2.28]).

[1SO 3534-1:1993, definice 2.49]

C.2.25

odhad

statistika pouzivana pro odhadovani paramet-
ru zakladniho souboru

[1ISO 3534-1:1993, definice 2.50]

C.2.26

hodnota odhadu

hodnota, kterou odhad nabyva jako vysle-
dek odhadovani

[I1SO 3534-1:1993, definice 2.51]

where n is the number of observations

NOTE
The central moment of order 1 is equal to zero.

[ISO 3534-1:1993, definition 2.37]

C.2.23

statistic

a function of the sample random variables
NOTE

A statistic, as a function of random variables, is also
a random variable and as such it assumes different
values from sample to sample. The value of the sta-
tistic obtained by using the observed values in this
function may be used in a statistical test or as an es-
timate of a population parameter, such as a mean or
a standard deviation.

[I1SO 3534-1:1993, definition 2.45]

c.2.24

estimation

the operation of assigning, from the ob-
servations in a sample, numerical values to
the parameters of a, distribution chosen
as the statistical model of the population
from which this sample is taken.

NOTE

A result of this operation may be expressed as a sin-
gle value (point estimate; see ISO 3534-1: 1993, de-
finition 2.51 [C.2.26]) or as an interval estimate (see

ISO 3534-1: 1993, definition 2.57 [C.2.27] and 2.58
[C.2.28]).

[I1SO 3534-1:1993, definition 2.49]

C.2.25

estimator

a statistic used to estimate a population
parameter

[I1SO 3534-1:1993, definition 2.50]

C.2.26

estimate

the value of an estimator obtained as a re-
sult of an estimation

[I1SO 3534-1:1993, definition 2.51]
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C.2.27

dvoustranny konfidencni interval

jsou-li T, a T, dvé funkce pozorovanych hod-
not takové, Ze pro odhadovany parametr
6 zadkladniho souboru je pravdépodobnost
Pr(T,< 6 < T,) vétsi nebo rovna (1 - o) [kde
(1 — @) je pevné kladné Cislo mensi nez 1],
pak interval mezi T, a T, je dvoustranny

1
(1 = &) konfidenc¢ni interval pro 6

POZNAMKY

1 Meze T, a T, konfidencniho intervalu jsou sta-

tistikami (1ISO 3534-1: 1993, definice 2.45 [C.2.23]),
a proto budou obecné nabyvat od vybéru k vybéru
raznych hodnot.

2 Pro dlouhou fadu vybérl je relativni ¢etnost pfri-
padu, kdy je parametr zdkladniho souboru 6 po-
kryt konfidenc¢nim intervalem, vétsi nebo rovna
(1-a).

[1ISO 3534-1:1993, definice 2.57]

C.2.28

jednostranny konfidenéni interval

je-li T funkce pozorovanych hodnot takova,
Ze pro odhadovany parametr 6 zakladniho
souboru, je pravdépodobnost Pr(T > 6) [nebo
pravdépodobnost Pr(T < 6)] vétsi nebo rov-
na (1 - a) [kde (1 - a) je pevné kladné islo
mensi nez 1], pak interval mezi nejmensi
moznou hodnotou 6 do T (nebo interval
mezi T a nejvétsi moznou hodnotou 6) je
jednostranny (1 — a) konfidenc¢ni interval
pro 6

POZNAMKY

1 Mez T konfiden¢niho intervalu je statistika
(ISO 3534-1: 1993, definice 2.45 [C.2.23]), a proto
bude obecné od vybéru k vybéru nabyvat riznych
hodnot.

2 Viz poznamka 2 v ISO 3534-1: 1993, definice 2.57
[C.2.27].

[ISO 3534-1:1993, definice 2.58]

C.2.29

konfidencni koeficient;

konfidencni uroven

hodnota pravdépodobnosti (1 — @) spojena
s konfiden¢nim intervalem nebo se statis-
tickym intervalem pokryti (Viz ISO 3534-1:
1993, definice 2.57 [C.2.27], 2.58 [C.2.28]
a 2.61[C.2.30].)
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C.2.27

two-sided confidence interval

when T, and T, are two functions of
the observed values such that, # being
a population parameter to be estimated,
the probability Pr (T, < 0 < T)) is at least
equal to (1 — &) [where (1 — a) is a fixed
number, positive and less than 1], the inter-
val between T, and T, is a two-sided (1 - @)
confidence interval for 0

NOTES

1 The limits T, and T, of the confidence interval
are statistics (ISO 3534-1: 1993, definition 2.45
[C.2.23]) and as such will generally assume diffe-
rent values from sample to sample.

2 Inalongseries of samples, the relative frequen-
cy of cases where the true value of the popula-
tion parameter q is covered by the confidence
interval is greater than or equal to (1 - a).

[ISO 3534-1:1993, definition 2.57]

C.2.28

one-sided confidence interval

when T is a function of the observed values

such that, 8 being a population parameter

to be estimated, the probability Pr(T > 6)

[or the probability Pr(T < 6)] is at least

equal to (1 — a) [where (1 — a) is a fixed

number, positive and less than 1], the in-

terval from the smallest possible value of

6 up to T (or the interval from T up to the

largest possible value of #) is a one-sided

(1 - ) confidence interval for 6

NOTES

1 The limit T of the confidence interval is a statistic
(ISO 3534-1: 1993, definition 2.45 [C.2.23]) and as

such will generally assume different values from
sample to sample.

2 See note 2 of ISO 3534-1: 1993, definition 2.57
[C.2.27].

[ISO 3534-1:1993, definition 2.58]

C.2.29

confidence coefficient;

confidence level

the value (1 - a) of the probability associat-
ed with a confidence interval or a statisti-
cal coverage interval (See I1SO 3534-1: 1993,
definition 2.57 [C.2.27], 2.58 [C.2.28], and
2.61[C.2.30].)
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POZNAMKA
(1 — o) se Casto vyjadfuje v procentech.

[I1SO 3534-1:1993, definice 2.59]

C.2.30

statisticky interval pokryti

interval, o némz lze s danou konfiden¢ni
urovni tvrdit, Ze obsahuje alespon zadany
podil zakladniho souboru

POZNAMKY

1 Jsou-li obé meze urceny statistikou, jde o dvou-
stranny interval. Neni-li nékterd z nich konec¢na
nebo je-li tvofena mezni hodnotou ndhodné veli-
¢iny, jde o jednostranny interval.

2 Také se pouziva nazev ,statisticky toleran¢ni in-
terval”. Tento termin se vSsak nema pouzivat, pro-
toze jeho pouziti mize vést k nespravné zamé-
né za ,tolerancni interval”, ktery je definovany
v ISO 3534-2: 1993.

[ISO 3534-1:1993, definice 2.61]

C.2.31

stupné volnosti

obecné pocet ¢lenl souctu minus pocet va-
zeb mezi ¢leny souctu

[I1SO 3534-1:1993, definice 2.85]
C.3 Podrobné vysvétleni termind a pojmu
C.3.1

Stfedni hodnota funkce g(z), s hustotou
pravdépodobnosti p(z) ndhodné veliciny z,
je stanovena pomoci

stfedni hodnota
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NOTE
(1 - a) is often expressed as a percentage.

[I1SO 3534-1:1993, definition 2.59]

C.2.30

statistical coverage interval

an interval for which it can be stated with

a given level of confidence that it contains

at least a specified proportion of the popu-

lation

NOTES

1 When both limits are defined by statistics, the in-
terval is two-sided. When one of the two limits is

not finite or consists of the boundary of the vari-
able, the interval is one-sided.

2 Also called “statistical tolerance interval.” This
term should not be used because it may cause
confusion with “tolerance interval” which is de-
fined in 1ISO 3534-2: 1993.

[ISO 3534-1:1993, definition 2.61]

C.2.31

degrees of freedom

in general, the number of terms in a sum
minus the number of constraints on the
terms of the sum

[ISO 3534-1:1993, definition 2.85]
C.3 Elaboration of terms and concepts
C.3.1 Expectation

The expectation of a function g(z) over
a probability density function p(z) of the
random variable z is defined by

Elg(2)1= [ 9(2)p(2) dz

kde, podle definice p(z) plati: jp(z) dz=1.
Stfedni hodnota ndhodné veli¢iny z, znace-
na u,, ktera je také znama jako olekavana
hodnota nebo primér veli¢iny z, je dana
pomoci

where, from the definition of p(2),
jp(z) dz =1 The expectation of the ran-

dom variable z, denoted by x, and which

is also termed the expected value or the
mean of z, is given by

I, zE(z)zjz p(z) dz

Ta je statisticky odhadnuta pomoci aritme-
tického prdméru (average) nebo primeéru
(mean) z, ziskaného z poctu n nezavislych
pozorovani z,nahodné veliciny z, s hustotou
pravdépodobnosti p(z)

It is estimated statistically by z the arithme-
tic mean or average of n independent ob-
servations z, of the random variable z, the
probability density function of which is p(2):
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C.3.2 Rozptyl

Rozptyl ndhodné veliciny je stfedni hodno-
ta ¢tverce odchylek ndhodné velic¢iny od jeji
stfedni hodnoty. Tedy rozptyl ndhodné ve-
liciny z s hustotou pravdépodobnosti p(z)
je dan
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C.3.2 Variance

The variance of a random variable is the
expectation of its quadratic deviation
about its expectation. Thus the variance of
random variable z with probability density
function p(z) is given by

o*(2)=[(z - 11,)’ p(2) dz

kde u, je stfedni hodnota pro z. Hodnota
rozptylu ¢%(z) muze byt odhadnuta pomoci:

where u_is the expectation of z. The vari-
ance 0%(z) may be estimated by

22y -5 (o 3y
5(2/)—n_1z,-=1(zf Z)

kde

a z, je n nezavislych pozorovani z.

POZNAMKY

1 Cinitel n - 1 ve vyrazu pro s¥(z) vznika z vazby
mezi z,a Za odrazi skute¢nost, Ze zde v mnoziné
{z,— z}je jen n— 1 nezavislych prvka.

Pro znamou stfedni hodnotu u, ndhodné veliciny
z muze byt rozptyl odhadnut pomoci:

n

where

V4

=170

and the z, are n independent observations
of z.

NOTES

1 The factor n - 1 in the expression for s*(z) arises

from the correlation between z and z and re-
flects the fact that there are only n - 1 indepen-

dent items in the set {z,- Z}.

If the expectation u, of z is known, the variance
may be estimated by

(z) =~ (2 )

Rozptyl vybérového prdméru nebo primeé-
ru pozorovani je vhodnéjsi mirou nejistoty
vysledku méreni spise nez rozptyl indivi-
dualniho pozorovani. Rozptyl veli¢iny z ma
byt peclivé odlisen od rozptylu priméru z .
Rozptyl vybérového priméru fady n neza-
vislych pozorovani z, pro z je dan pomoci
0’(Z) = 0*(z)/n a je odhadnut vybérovym
rozptylem prdmeéru.

=1

The variance of the arithmetic mean or
average of the observations, rather than
the variance of the individual observations,
is the proper measure of the uncertainty
of a measurement result. The variance
of a variable z should be carefully distin-
guished from the variance of the mean z.
The variance of the arithmetic mean of
a series of n independent observations
of z is given by ¢°(Z ) = 6°(z)/n and is esti-
mated by the experimental variance of the
mean.
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s’(z)
n

5°(z) =

C.3.3 Vybérova smérodatna odchylka

Smérodatna odchylka je kladna hodnota dru-
hé odmocniny rozptylu. Vzhledem k tomu,
Ze standardni nejistota vyhodnocena zpU-
sobem A je ziskana z druhé odmocniny sta-
tisticky vyhodnoceného rozptylu, je casto
mnohem vyhodnéjsi pfi stanoveni stan-
dardni nejistoty vyhodnocené zpusobem B,
nejprve vyhodnotit nestatistickou ekviva-
lentni smérodatnou odchylku a potom ziskat
ekvivalentni rozptyl ze ¢tverce smérodatné
odchylky.

C.3.4 Kovariance

Kovariance dvou nahodnych veli¢in je mira
jejich vzajemné zavislosti. Kovariance na-
hodnych veli¢in y a z je definovdna pomoci

1

n(n-1)4
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.
i—2)

n
(z
=1

C.3.3 Standard deviation

Thestandard deviationisthe positivesquare
root of the variance. Whereas a Type A
standard uncertainty is obtained by taking
the square root of the statistically evalu-
ated variance, it is often more convenient
when determining a Type B standard uncer-
tainty to evaluate a nonstatistical equiva-
lent standard deviation first and then to
obtain the equivalent variance by squaring
the standard deviation.

C.3.4 Covariance

The covariance of two random variables is
a measure of their mutual dependence. The
covariance of random variables y and z is
defined by

cov(y, 2) = cov(z, y) = E{ly - E(y)][z - E(2)]}

coz vede k

which leads to

cov(y, z2) =cov(z, y)

kde p(y, z) je sdruzend hustota pravdé-
podobnosti dvou veli¢in y a z. Kovarianci
cov(y, z) [také oznacovanou v(y, z) je dovo-
leno odhadnout pomoci s(y, z), ziskané z n
nezavislych dvojic simultannich pozorovani
y;azveliCinyaz:

= [ [y =)z - 1Py, 2)dy dz
= [y z ply.2)dy dz - s,

where p(y, 2) is the joint probability den-
sity function of the two variables y and z.
The covariance cov(y, z) [also denoted by
Wy, 2)] may be estimated by s(y, z) ob-
tained from n independent pairs of simul-
taneous observations y, and z, of y and z,

s(y..z,) = ﬁz;(yj ~Y)z,-2)

kde

where
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POZNAMKA

Odhad kovariance dvou primérd y a z je dan
s(y.,z)=sly, z)/In.

C.3.5 Kovarian¢ni matice

Pro viceproménné rozdéleni pravdépodob-
nosti je matice V, ktera ma prvky rovnajici se
rozptylim a kovariancim nahodnych velicin,
nazyvana kovarian¢ni matici. Diagonalni prv-
ky, jako v(z, 2) = 6%(2) nebo s(z, z) = s*(z), jsou
rozptyly, zatimco prvky mimo diagonalu,
jako v(y, z) nebo s(y, z), jsou kovariance.

C.3.6 Korelacni koeficient

Korela¢ni koeficient je mira relativni vza-
jemné zavislosti dvou nahodnych velicin
a rovna se pomeéru jejich kovarianci ke klad-
né hodnoté druhé odmocniny soucinu jejich
rozptylu. Pak:

v(y,z)
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NOTE

estimated covariance of the two means y and Z is
given by s(y, z) = s(y, z)/n.

C.3.5 Covariance matrix

For a multivariate probability distributi-
on, the matrix V with elements equal to
the variances and covariances of the vari-
ables is termed the covariance matrix. The
diagonal elements, w(z, z) = 6*(2) or s(z, z)
= s?(z), are the variances, while the off-di-
agonal elements, Wy, 2) or s(y, z), are the
covariances.

C.3.6 Correlation coefficient

The correlation coefficient is a measure of
the relative mutual dependence of two
variables, equal to the ratio of their cova-
riances to the positive square root of the
product of their variances. Thus

v(y,z)

pl,2)=p(zy =

a s odhady

s(y,z)

Wy, y) v(z,z) " o(y)o(2)

with estimates

s(y.z)

rly, z)=rz, y) =

Korela¢ni koeficient je ¢islo, pro které plati
-1<p<+lnebo-1<r(y,z)<+1.

POZNAMKY

1 ProtozZe p a r jsou disla v rozsahu -1 az +1 vcet-
né, pficemz kovariance jsou obvykle veliciny s ne-
vhodnymi fyzikalnimi rozméry a velikostmi, jsou
obecné korelacni koeficienty mnohem pouzitel-
né;jsi nez kovariance.

2 Pro vicerozmérné rozdéleni pravdépodobnosti
je obvykle ddna matice korela¢nich koeficientd
misto kovarian¢ni matice. ProtoZze p(y, y) = 1 a
r(y. y) = 1, jsou diagonalni prvky této matice rov-
ny jedné.

3 Jsou-li odhady vstupnich hodnot x; a x, korelovany
(viz 5.2.2), a zména 6, v x; vytvafi zménu 6j V X, po-
tom korela¢ni koeficient pFislusny k x; a x; je pribliz-
né odhadnut z vyrazu:

Js(y,y) s(z,2) " s(y)s(2)

The correlation coefficient is a pure num-

bersuchthat-1<p<+lor-1<r(y, z) <+1.

NOTES

1 Because p and r are pure numbers in the range
-1 to +1 inclusive, while covariances are usually
quantities with inconvenient physical dimensions
and magnitudes, correlation coefficients are gen-
erally more useful than covariances.

2 For multivariate probability distributions, the
correlation coefficient matrix is usually given in
place of the covariance matrix. Since p(y, y) = 1
and r(y, y) = 1, the diagonal elements of this ma-
trix are unity.

3 If the input estimates x, and x; are correlated (see
5.2.2) and if a change ¢, in x, produces a change
5/. in X, then the correlation coefficient associated
with x; and x; is estimated approximately by

r(x, xj) = u(x) 5// [u(x/.) 5/.]

Tento vztah muze slouzit jako zaklad pro empiricky
odhad korela¢nich koeficientt. Mlze byt také po-
uzit pro vypocet pfiblizné zmény v jednom vstupnim
odhadu v dasledku zmény jiné veliciny, jestlize jejich
korela¢ni koeficient je znamy.

This relation can serve as a basis for estimating corre-
lation coefficients experimentally. It can also be used
to calculate the approximate change in one input es-
timate due to a change in another if their correlation
coefficient is known.
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C.3.7 Nezavislost

Dvé ndhodné veliciny jsou statisticky neza-
vislé, jestlize jejich sdruzené rozdéleni prav-
dépodobnosti je soucin jejich jednotlivych
rozdéleni pravdépodobnosti.

POZNAMKA

Jestli jsou dvé nahodné veli¢iny navzajem nezavislé,
jejich kovariance a korela¢ni koeficient jsou nulové.
Obréacené tvrzeni nemusi nutné byt pravdivé.

C.3.8 t-rozdéleni;

Studentovo rozdéleni

t-rozdéleni nebo Studentovo rozdéleni je
rozdéleni pravdépodobnosti spojité na-
hodné velic¢iny t, jejiz hustota pravdépo-
dobnosti je

kde T je funkce gamma a v > 0. Stfedni hod-
nota t-rozdéleni je nula a jeho rozptyl je v/
(v—2) prov> 2. Kdyz v — oo, t-rozdéleni
se pfiblizi normalnimu rozdéleni s ¢ = 0
aoc=1(vizC.2.14).

Rozdéleni pravdépodobnosti ndahodné ve-
liciny (z - u)/s(z) je t-rozdéleni, jestlize
nahodna veli¢ina z se stfedni hodnotou u,
ma normdlni rozdéleni, kde z je primér
n nezavislych pozorovani z, veli¢iny z, s(z)
je vybérova smérodatna odchylka pro n po-
zorovanias(z) = s(z,.)/\/E je vybérova smé-
rodatnad odchylka prméru z s v=n -1
stupni volnosti.
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C.3.7 Independence

Two random variables are statistically inde-
pendent if their joint probability distribu-
tion is the product of their individual prob-
ability distributions.

NOTE

If two random variables are independent, their
covariance and correlation coefficient are zero, but
the converse is not necessarily true.

C.3.8 The t-distribution;

Student’s distribution

The t-distribution or Student’s distribution is
the probability distribution of a continuous
random variable t whose probability den-
sity function is

2

14

—(v+1)/2
1+ —} ,—0< t< 40

where I' is the gamma function and v > 0. The
expectation of the t-distribution is zero and
its variance is v/(v = 2) forv> 2. As v — oo, the
t distribution approaches a normal distribu-
tion withy=0and o =1 (see C.2.14).

The probability distribution of the variable
(z - u ) s(z)is the t-distribution if the ran-
dom variable z is normally distributed with
expectation u, where z is the arithmetic
mean of n independent observations z, of
z, s(z) is the experimental standard devia-
tion of the n observations, and s(z) = s(z)/

Jn is the experimental standard deviation

of the mean z with v = n — 1 degrees of
freedom.
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Priloha D
»Prava” hodnota, chyba a nejistota

Termin prava hodnota (B.2.3) je tradic-
né pouzivan v publikacich o nejistoté, ale
neni v tomto pokynu z davodl uvedenych
v této pfriloze. ProtoZze terminy ,mérend
veli¢ina”, ,chyba” a ,nejistota” jsou casto
Spatné pochopené, tato priloha poskytuje
také dodatecny vyklad zakladnich nazord,
ktery je zdsadni, aby doplnil vyklad uvedny
v kapitole 3. Dva obrdzky jsou uvedeny ke
grafickému znazornéni, pro¢ pojem nejisto-
ta, prijaty vtomto pokynu, je zaloZzeny na vy-
sledku méreni a jeho vyhodnocené nejisto-
t&, spiSe nez na neznamych veli¢inach jako
.prava” hodnota a chyba.

D.1 Mérena veli¢ina

D.1.1 Prvni krok pfi méreni je stanoveni
mérené veli¢iny — velic¢iny, ktera musi byt
mérena. Mérena veli¢ina nemUze byt sta-
novena pomoci hodnoty, ale pouze popi-
sem veli¢iny. Aviak, v principu, mérena veli-
¢ina nemuze byt upl/né popsana bez neko-
ne¢ného mnozstvi informaci. Takze v mire,
ktera ponechava prostor pro interpretaci,
neuplna definice mérené velic¢iny vnasi do
nejistoty vysledku méreni slozky nejistoty,
které mohou nebo nemusi byt vyznamné
ve vztahu k pozZadované presnosti méreni.

D.1.2 Obecné definice mérené veli¢iny
specifikuje urcité fyzikalni stavy a podmin-
ky.

PRIKLAD

Rychlost zvuku v suchém vzduchu, smési se sloZe-
nim (hmotnostni podily) N, = 0,780 8, O, = 0,209 5,
Ar=0,009 35 a CO, =0,000 35 pfi teploté T=273,15K
a tlaku p = 101 325 Pa.

D.2 Realizovana veli¢ina

D.2.1 V idealnim pripadé, realizovana ve-
licina pro méreni by mohla byt v souladu
s definici méfené veli¢iny. Casto, viak tako-
va veli¢ina nemuze byt zjisténa a méreni je
provadéno pro veli¢inu, ktera je pfiblize-
nim mérené veliciny.
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Annex D
“True” value, error, and uncertainty

The term true value (B.2.3) has traditio-
nally been used in publications on uncer-
tainty but not in this Guide for the reasons
presented in this annex. Because the terms
“measurand,” “error,” and “uncertainty” are
frequently misunderstood, this annex also
provides additional discussion of the ideas
underlying them to supplement the discu-
ssion given in clause 3. Two figures are pre-
sented to illustrate why the concept of un-
certainty adopted in this Guide is based on
the measurement result and its evaluated
uncertainty rather than on the unknowa-
ble quantities “true” value and error.

D.1 The measurand

D.1.1 The first step in making a measure-
ment is to specify the measurand - the
quantity to be measured; the measurand
cannot be specified by a value but only by
a description of a quantity. However, in prin-
ciple, a measurand cannot be completely
described without an infinite amount of
information. Thus, to the extent that it
leaves room for interpretation, incomplete
definition of the measurand introduces into
the uncertainty of the result of a measure-
ment a component of uncertainty that may
or may not be significant relative to the ac-
curacy required of the measurement.

D.1.2 Commonly, the definition of a mea-
surand specifies certain physical states and
conditions.

EXAMPLE

The velocity of sound in dry air of composition (mole
fraction) N,=0,780 8, O, =0,209 5, Ar =0,009 35, and
CO, = 0,000 35 at the temperature T = 273,15 K and
pressure p = 101 325 Pa.

D.2 The realized quantity

D.2.1 Ideally, the quantity realized for
measurement would be fully consistent
with the definition of the measurand.
Often, however, such a quantity cannot
be realized and the measurement is per-
formed on a quantity that is an approxi-
mation of the measurand.
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D.3 ,Prava” hodnota a korigovana
hodnota

D.3.1 \Vysledek méreni zjistované veliCiny
je korigovan z duvodu rozdilu mezi velici-
nou a mérenou veli¢inou a to proto, aby se
predvidalo, jaky vysledek méreni by mohl
byt, kdyby zjistovana veli¢ina skute¢né do-
statecné splnovala definici mérené velici-
ny. Vysledek méreni zjistované veliciny je
také korigovan z duvodu viech ostatnich
znamych vyznamnych systematickych vli-
vu. PrestoZze konecny korigovany vysledek
je Casto vidén jako nejlepsi odhad , pravé”
hodnoty mérené veliciny, ve skute¢nosti vy-
sledek je jednoduse nejlepsi odhad hodnoty
mérené veliciny.

D.3.2 Jako priklad, se predpoklada, ze mé-
fend veli¢ina je tloustka dané c&asti mate-
ridlu pri urcité teploté. Vzorek je vystaven
teploté blizké urcené teploté a jeho tloust-
ka v ureném misté je mérena mikrometric-
kym méfidlem. U zjisténé veliciny se jedna
o tloustku materialu v daném misté a pfri
jeho teploté a pfi tlaku zplsobeném mik-
rometrickym méridlem.

D.3.3 Teplota materialu v dobé mére-
ni a pusobici tlak jsou urceny. Nekorigovany
vysledek méreni zjisténé veli¢iny bude kori-
govan, pricemz se bere v Uvahu kalibra¢ni
kfivka mikrometrického méfidla, odchylka
teploty vzorku od urcené teploty a mirné
deformace vzorku vlivem pouzitého tlaku.
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D.3 The "true” value and the corrected
value

D.3.1 The result of the measurement of
the realized quantity is corrected for the
difference between that quantity and the
measurand in order to predict what the
measurement result would have been if
the realized quantity had in fact fully satis-
fied the definition of the measurand. The
result of the measurement of the realized
quantity is also corrected for all other re-
cognized significant systematic effects.
Although the final corrected result is so-
metimes viewed as the best estimate of the
“true” value of the measurand, in reality
the result is simply the best estimate of the
value of the quantity intended to be mea-
sured.

D.3.2 As an example, suppose that the
measurand is the thickness of a given sheet
of material at a specified temperature. The
specimen is brought to a temperature near
the specified temperature and its thick-
ness at a particular place is measured with
a micrometer. The thickness of the material
at that place and temperature, under the
pressure applied by the micrometer, is the
realized quantity.

D.3.3 The temperature of the material
at the time of the measurement and the
applied pressure are determined. The unco-
rrected result of the measurement of the re-
alized quantity is then corrected by taking
into account the calibration curve of the
micrometer, the departure of the tempe-
rature of the specimen. from the specified
temperature, and the slight compression of
the specimen under the applied pressure.
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D.3.4 Korigovany vysledek je dovoleno
nazyvat nejlepsim odhadem ,pravé” hod-
noty, ,pravé” ve smyslu, Ze to je hodnota
veli¢iny, o které se predpoklada, Zze pIné vy-
hovuje definici mérené veliciny; ale pUso-
benim mikrometrického méridla na rtzné
¢asti vzorku materialu by mohla byt zjisté-
na veli¢ina s odliSnou , pravou” hodnotou.
Avsak tato ,prava” hodnota by mohla byt
ve shodé s definici mérené veliciny, proto-
Zze definice mérené veliciny nepozaduje,
aby tloustka desky byla zjistovana v urci-
tém misté vzorku. Proto v tomto pripadé,
z ddvodu neuplnosti definice mérené ve-
liciny, vykazuje ,prava” hodnota nejisto-
tu, kterd mUze byt vyhodnocena z méreni
provadénych na ruznych mistech vzorku.
Kazda mérena veli¢ina obsahuje pfi urcité
arovni ,vnitfni” nejistotu, ktera v zasadé
mulze byt néjakym zpUsobem odhadnuta.
To je minimalni nejistota, se kterou mulze
byt mérend veli¢ina urlena. Kazdé mére-
ni, které vykazuje takovou nejistotu, mlze
byt povazovdno za nejlepsi mozné méreni
mérené veliiny. K ziskani hodnoty, kterd ma
pfislusnou mensi nejistotu se pozaduje, aby
mérena veli¢ina byla presnéji definovana.

POZNAMKY

1V uvedeném prikladu pfi specifikaci mérené ve-
liciny se neprfesné bere v Uvahu mnoho dalsich
vliva, které by mohly myslitelné ovlivnit tloustku:
atmosféricky tlak, vihkost, poloha desky v gravi-
tacnim poli, zpUsob jejiho podepreni, atd.

2 | kdyz mérena velicina ma byt definovana dosta-
tecné podrobné, aby nejistota vznikajici z neuplné
definice byla zanedbatelna v porovnani s pozado-
vanou presnosti méreni, je nutno si uvédomit, ze
to nemusi byt vzdy proveditelné. Je dovoleno, aby
definice byla nelplnd, protoze napftiklad nespeci-
fikuje parametry, u kterych by se mohlo neospra-
vedInitelné predpokladat, Ze maji zanedbatelny
vliv. Zaroven je dovoleno, aby se predpokladaly
podminky, které nikdy nemohou byt zcela spl-
néné a jejich nedokonala realizace se tézko bere
v Uvahu. Také rychlost zvuku z prikladu D.1.2, ob-
sahuje nekonecné rovinné viny s mizivou malou
amplitudou. V té mire, ve které méreni nesplnu-
je tyto podminky, musi byt brany v Uvahu ohyb
a nelinedrni vlivy.
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D.3.4 The corrected result may be called
the best estimate of the “true” value,
“true” in the sense that it is the value of
a quantity that is believed to satisfy fully
the definition of the measurand; but had
the micrometer been applied to a different
part of the sheet of material, the realized
quantity would have been different with
a different “true” value. However, that
“true” value would be consistent with the
definition of the measurand because the lat-
ter did not specify that the thickness was to
be determined at a particular place on the
sheet. Thus in this case, because of an in-
complete definition of the measurand, the
“true” value has an uncertainty that can
be evaluated from measurements made at
different places on the sheet. At some level,
every measurand has such an “intrinsic” un-
certainty that can in principle be estimated
in some way. This is the minimum uncertainty
with which a measurand can be determined,
and every measurement that achieves such
an uncertainty may be viewed as the best
possible measurement of the measurand.
To obtain a value of the quantity in ques-
tion having a smaller uncertainty requires
that the measurand be more completely
defined.
NOTES
1 In the example, the measurand’s specification
leaves many other matters in doubt that might
conceivably affect the thickness: the barometric
pressure, the humidity, the attitude of the sheet

in the gravitational field, the way it is supported,
etc.

2 Although a measurand should be defined in suf-
ficient detail that any uncertainty arising from its
incomplete definition is negligible in comparison
with the required accuracy of the measurement,
it must be recognized that this may not always
be practicable. The definition may, for example,
be incomplete because it does not specify pa-
rameters that may have been assumed, unjustifi-
ably, to have negligible effect; or it may imply
conditions that can never be fully met and whose
imperfect realization is difficult to take into ac-
count. For instance, in the example of D. 1.2, the
velocity of sound implies infinite plane waves of
vanishingly small amplitude. To the extent that
the measurement does not meet these condi-
tions, diffraction and nonlinear effects need to
be considered.
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3 Neodpovidajici specifikace méfené veli¢iny mize
vést k rozporim mezi vysledky méfeni zdanlivé
stejné veli¢iny provadénymi v rGznych laborato-
rich.

D.3.5 Terminu ,pravd hodnota méfené
veliciny” nebo veli¢iny (¢asto zkracované
jako ,prava hodnota”) se tento pokyn vy-
varoval, protoze slovo ,prava” je povazo-
vano za nadbytecné. ,Méfena veli¢ina”
(viz B.2.9) je minéna jako ,urcena veli¢ina
subjektu méreni”, a tedy ,hodnota mére-
né veli¢iny” znamena ,hodnota urcené ve-
liciny subjektu méfeni”. Zatimco ,presna
velicina” je obecné chapdna jako konecna
nebo urcend veli¢ina (viz B.2.1, pozndmka
1), pfidavné jméno ,prava” v terminu , pra-
va hodnota mérené veliciny” (nebo ,prava
hodnota veli¢iny”) je zbyte¢né - , prava”
hodnota mérené velic¢iny (nebo veliciny) je
jednoduse hodnota mérené veli¢iny (nebo
veli¢iny). Navic, jak je naznaceno v pred-
chozim textu, jedinecnd , pravd” hodnota je
pouze idealizovany pojem.

D.4 Chyba

Korigovany vysledek méfreni neni hod-
nota mérené veli¢iny a to z davodu chyby,
v dUsledku nedokonalého meéreni zjisté-
né veli¢iny pusobenim nahodnych kolisa-
ni prfi pozorovani, neodpovidajiciho urceni
korekci systematickych vlivi a nedokonalé
znalosti urcitého fyzikalniho jevu (také
systematickych vlivl). Ani hodnota zjisté-
né veli¢iny ani hodnota mérené veliciny
nemohou byt nikdy presné znamy; vse,
co muze byt znamo, jsou jejich odhadnu-
té hodnoty. V predchozim prikladu maze
mérenad tloustka desticky obsahovat chybu,
tj. muze se lisit od hodnoty mérené veliciny
(tloustky desticky), protoze kazdy z nasle-
dujicich Ciniteld maze pfispivat k hodnoté
neznamé chyby vysledku méreni:

a) nepatrné rozdily mezi udaji mikromet-
rického méridla, kdyz je opakované po-
uzito pro méreni stejné realizované veli-
ciny;

b) nedokonala kalibrace mikrometrického
méridla;
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3 Inadequate specification of the measurand can
lead to discrepancies between the results of
measurements of ostensibly the same quantity
carried out in different laboratories.

D.3.5 The term “true value of a measur-

and” or of a quantity (often truncated to

“true value”) is avoided in this Guide be-

cause the word “true” is viewed as redun-

dant. “Measurand” (sec B.2.9) means “par-
ticular quantity subject to measurement,”
hence "value of a measurand” means

“value of a particular quantity subject to

measurement.” Since “particular quantity”

is generally understood to mean a definite
or specified quantity (see B.2.1, note 1), the
adjective “true” in “true value of a mea-
surand” (or in “true value of a quantity”)
is unnecessary — the “true” value of the
measurand (or quantity) is simply the value
of the measurand (or quantity). In addi-
tion, as indicated in the discussion above,

a unique “true” value is only an idealized

concept.

D.4 Error

A corrected measurement result is not the
value of the measurand - that is, it is in er-
ror — because of imperfect measurement of
the realized quantity due to random varia-
tions of the observations (random effects),
inadequate determination of the correc-
tions for systematic effects, and incomplete
knowledge of certain physical phenomena
(also systematic effects). Neither the value
of the realized quantity nor the value of
the measurand can ever be known exactly;
all that can be known is their estimated
values. In the example above the measured
thickness of the sheet may be in error, that
is, may differ from the value of the measur-
and (the thickness of the sheet), because
each of the following may combine to con-
tribute an unknown error to the measure-
ment result:

a) slight differences between the indica-
tions of the micrometer when it is re-
peatedly applied to the same realized
quantity;

b) imperfect calibration of the micrometer;

102



¢) nedokonalé méreni teploty a puUsobici-
ho tlaku;

d) nedokonald znalost vlivl teploty, atmo-
sférického tlaku a vlhkosti na vzorek nebo
mikrometrické méridlo nebo na oba.

D.5 Nejistota

D.5.1 Vzhledem k tomu, Ze pfesné hodno-
ty, které prispivaji k chybé vysledku méreni
jsou neznamé a nepoznatelné, mohou byt
vyhodnoceny nejistoty spojené s nahodnymi
a systematickymi vlivy, které vedou ke vzni-
ku chyb. Ale i kdyZz vyhodnocené nejistoty
jsou malé, stale neexistuje zaruka, Ze chyba
vysledku méreni je mala; pfi urceni korekci
nebo pfi odhadu na zakladé nedokonalych
znalosti, je dovoleno nebrat v Uvahu syste-
maticky vliv, protoze nebyl zpozorovan.
Tedy nejistota vysledku méreni nutné neu-
kazuje pravdépodobnost, Ze vysledek mé-
feni je blizky hodnoté mérené veliciny. Je
to jednoduse odhad pravdépodobnosti bliz-
kosti k nejlepsi hodnoté, ktera je v souladu
s pravé dostupnou znalosti.

D.5.2 Nejistota mérfeni tedy vyjadfuje
skutecnost, Zze pro danou mérenou velici-
nu a dany vysledek jejiho méreni existuje
nejen jedna hodnota, ale nekonecny po-
¢et hodnot rozptylenych kolem vysledku,
které jsou v souladu se viemi pozorovanimi
a s daty. Tyto hodnoty s riznym stupném vé-
rohodnosti mohou byt pfisuzovany mérené
veli¢iné.
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¢) imperfect measurement of the temper-
ature and of the applied pressure;

d) incomplete knowledge of the effects of
temperature, barometric pressure, and
humidity on the specimen or the mi-
crometer or both.

D.5 Uncertainty

D.5.1 Whereas the exact values of the
contributions to the error of a result of
a measurement are unknown and unkno-
wable the uncertainties associated with
the random and systematic effects that
give rise to the error can be evaluated.
But, even if the evaluated uncertainties are
small, there is still no guarantee that the
error in the measurement result is small; for
in the determination of a correction or in
the assessment of incomplete knowledge
a systematic effect may have been overlo-
oked because it is unrecognized. Thus the
uncertainty of a result of a measurement
is not necessarily an indication of the like-
lihood that the measurement result is near
the value of the measurand; it is simply an
estimate of the lilelihood of nearness to
the best value that is consistent with pre-
sently available knowledge.

D.5.2 Uncertainty of measurernent is
thus an expression of the fact that, for
a given measurand and a given result of
measurement of it, there is not one value
but an infinite number of values dispersed
about the result that are consistent with
all of the observations and data and one’s
knowledge of the physical world, and that
with varying degrees of credibility can be
attributed to the measurand.
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D.5.3 Na stésti, v mnoha praktickych pri-
padech méreni, velkda cast namétu této
prilohy neplati. Pfikladem je, pokud je
mérend veli¢ina dobre definovdna odpo-
vidajicim zpUsobem; pokud jsou etalony
nebo pfristroje kalibrované pomoci dob-
fe zndmych referencnich etalonud, které
jsou vysledovatelné k narodnim etalontm;
a pokud jsou nejistoty kalibra¢nich korek-
ci nevyznamné v porovnani k nejistotam
vznikajicim z nahodnych vlivl na indikaci
pristroju nebo z dvodu omezeného poctu
pozorovani (viz E.4.3). Nicméné neuplna
znalost ovliviujicich veli¢in a jejich vliva
muze Casto vyznamné pfispivat k nejistoté
vysledku méreni.

D.6 Grafické znazornéni

D.6.1 Obrdzek D.1 zndzornuje nékteré
pojmy vysvétlené v kapitole 3 tohoto poky-
nu a v této pfiloze. Znazornuje také, proc je
stéZejnim bodem tohoto pokynu nejistota
a ne chyba méreni. Pfesna chyba vysledku
méreni je obecné nezndma a nepoznatel-
na. Je mozné pouze odhadnout hodnoty
vstupnich veli¢in véetné korekci rozezna-
telnych systematickych vliva spolecné s je-
jich standardnimi nejistotami (odhadnutymi
smérodatnymi odchylkami). Tento odhad
se mUze uskutecnit na zakladé bud nezna-
mych rozdéleni pravdépodobnosti, které
mohou byt vzorkovany pomoci opakova-
nych pozorovani, nebo apriornich rozdé-
leni postavenych na dostupnych informa-
cich. Vypocita se vysledek méreni z odhadu
hodnot vstupnich veli¢cin a kombinovana
standardni nejistota vysledku ze standard-
nich nejistot téchto odhadnutych hodnot.
Pouze pokud existuje solidni zdklad pro to,
aby vie bylo dobre provedeno a zadné vy-
znamné systematické vlivy nebyly prehléd-
nuty, mUze se predpokladat, Zze méreny
vysledek je spolehlivy odhad hodnoty mé-
fené veliciny, a Ze kombinovana standard-
ni nejistota je spolehlivda mira jeho mozné
chyby.

POZNAMKY

1 Hodnoty pozorovani jsou zndzornény na obrazku

D.1a) pro ilustraci ve formé histogramu [viz 4.4.3
a obrazek 1b)].
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D.5.3 It is fortunate that in many practical
measurement situations, much of the discu-
ssion of this annex does not apply. Examples
are when the measurand is adequately well
defined; when standards or instruments
are calibrated using well-known referen-
ce standards that are traceable to national
standards; and when the uncertainties of
the calibration corrections are insignificant
compared to the uncertainties arising from
random effects on the indications of instru-
ments, or from a limited number of observa-
tions (see E.4.3). Nevertheless, incomplete
knowledge of influence quantities and
their effects can often contribute signifi-
cantly to the uncertainty of the result of
a measurement.

D.6 Graphical representation

D.6.1 Figure D. 1 depicts some of the ide-
as discussed in clause 3 of this Guide and in
this annex. It illustrates why the focus of
this Guide is uncertainty and not error. The
exact error of a result of a measurement
is, in general, unknown and unknowable.
All one can do is estimate the values of
input quantities, including corrections for
recognized systematic effects, together with
their standard uncertainties (estimated
standard deviations), either from unknown
probability distributions that are sampled
by means of repeated observations, or from
subjective or a priori distributions based
on the pool of available information; and
then calculate the measurement result from
the estimated values of the input quantities
and the combined standard. uncertainty of
that result from the standard uncertainties
of those estimated values. Only if there is
a sound basis for believing that all of this
has been done properly, with no significant
systematic effects having been overlooked,
can one assume that the measurement re-
sult is a reliable estimate of the value of
the measurand and that its combined stan-
dard uncertainty is a reliable measure of its
possible error.

NOTES

1 In figure D.1a), the observations are shown as

a histogram for illustrative purposes [see 4.4.3
and figure 1b)].
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2 Korekce chyby je rovna zdpornému odhadu chy-
by. Tedy na obrazku D.1 a rovnéZ na obrazku D.2
je Sipka, ktera zobrazuje korekci chyby a je rovna
svou délkou chybé, ale jeji body jsou v opa¢ném
sméru k Sipce, kterd znazorriuje samotnou chybu
a naopak. Text obrazku vysvétluje, zda Sipka zna-
zorfiuje korekci nebo chybu.

D.6.2 Obrdzek D.2 znazornuje nékteré
pojmy na obrazku D.1, ale odliSnym zpUso-
bem. Aviak také znazornuje, ze mlze byt
mnoho hodnot mérené veliciny, jestlize jeji
definice je neuplnd [zavedenim g) na ob-
rdzku D.2]. Nejistota, vznikajici z takovych
nedostatkd definice, jak je mérfena pomoci
rozptylu, je vyhodnocena z méreni mnoho-
nasobnych realizaci mérené veli¢iny a to
pouzitim stejné metody, stejnych pfistrojd,
atd. (viz D.3.4).

POZNAMKA

Hodnoty ve sloupci nadepsaném , Rozptyl”, jsou cha-
pany jako rozptyly u,z(y) urcené rovnici (11a) v5.1.3
a jak je ukazano, jsou linearné s¢itané.
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2 The correction for an error is equal to the nega-
tive of the estimate of the error. Thus in figure D. 1,
and in figure D.2 as well, an arrow that illustrates
the correction for an error is equal in length but
points in the opposite direction to the arrow that
would have illustrated the error itself, and vice
versa. The text of the figure makes clear if a par-
ticular arrow illustrates a correction or an error.

D.6.2 Figure D.2 depicts some of the same

ideas illustrated in figure D. 1 but in a dif-

ferent way. Moreover, it also depicts the
idea that there can be many values of the
measurand if the definition of the measur-

and is incomplete [entry g) of figure D.2].

The uncertainty arising from this incom-

pleteness of definition as measured by the

variance is evaluated from measurements
of multiple realizations of the measurand,
using the same method, instruments, etc.

(see D.3.4).

NOTE

In the column headed “Variance” the variances are

understood to be the variances ¢?(y) defined in

equation (11a) in 5.1.3; hence they add linearly as
shown.
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Nekorigovany aritmeticky
primér pozorovani
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Korigovany aritmeticky
primér pozorovani

Korigovana stfedni hodnota
je odhadnuta hodnota
méfené veliCiny a vysledku

-t
Standardni nejistota nekorigované

 d

stfedni hodnoty na zakladé
rozptyleni hodnot pozorovani
(pro ilustraci je zde ukazana jako
interval)

Korekce je pro vSechny
uznané systematické vlivy

J—

i<

Kombinovana standardni
nejistota korigované stredni
hodnoty

Vytvari nejistotu nekorigované
stfedni hodnoty na zakladé
rozptyleni hodnot pozorovani
a nejistoty aplikované korekce

a) Pojmy zalozené na pozorovatelnych veli€inach

Neznamé rozdéleni
(predpoklada se, Ze zde bude
pfiblizné normalni rozdéleni)
celého zakladniho souboru
moznych nekorigovanych
pozorovani

Neznamé rozdéleni celého
zakladniho souboru moznych
korigovanych pozorovani

Neznéamy zakladni soubor stfednich
hodnot (o¢ekavanych hodnot)

Neznama chyba korigované stfedni
hodnoty na zakladé neznamé

s neznamou smérodatnou !
odchylkou (vyznaceno, okraje
tmavsiho stinovani) :

Neznama ,néhodna*“ chyba
nekorigované stfedni hodnoty :
pozorovani

Neznama chyba je pro vSechny :

uznané systematické vlivy

i ,nahodné* chyby nekorigované
i stfedni hodnoty a nezname chyby
i aplikované korekce

Zbyvajici neznama chyba
korigované stredni hodnoty na
zakladé nepozorovanych
systematickych vlivi

Neznama

HODNOTA MERENE

VELICINY

b) Idedlni pojmy zaloZzené na nepozorovatelnych velic¢inach

Obrazek D.1 - Grafické znazornéni hodnot, chyb a nejistoty
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mean of observations
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arithmetic

—L

’_r

Corrected arithmetic
mean of observations

The corrected mean is

the estimated value of the
measurand and the result of
the measurement

st

Standard uncertainty of the

uncorrected mean due to the |
dispersion of the observations }
(for illustrative purposes, shown |
here as an interval) }

Correction for all recognized
systematic effects

el <

Combined standard
uncertainty of the corrected
mean

It comprises the uncertainty
of the uncorrected mean due
to the dispersion of the
observations and the
uncertainty of the applied
correction

a) Concepts based on observable quantities

Unknown distribution

(here assumed to be
approximately a normal
distribution) of the
entire population of
possible uncorrected
observations

Unknown distribution
of the entire population
of possible corrected
observations

Unknown population mean |
(expectation) with unknown

[
([
[
[
[
.
-
~

standard deviation (indicated
by edge of darker shading)

Unknown "random" error
in the uncorrected mean |
of the observations

Unknown error due to all
recognized systematic effects

fam—

Unknown error in the
corrected mean due fo the
unknown "random” error in
the uncorrected mean and
an unknown error in the
applied correction

Remaining unknown error
in the corrected mean
due to an unrecognized
systematic effect

Unknown

VALUE OF
MEASURAND

b) Ideal concepts based on unknowable quantities

Figure D.1 - Graphical illustration of value, error, and uncertainty
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Velic¢ina Hodnota Rozptyl
(bez méfitka) (bez méfitka)

Quantity Value Variance
(not to scale) (not to scale)

Stoupajici hodnota
Increasing value
a) Nekorigovana pozorovani -
Uncorrected observations ‘ ‘ | ‘ |”| HH|H ‘ | |

-

(single observation)

b)  Nekorigovany aritmeticky pramér
pozorovani |
Uncorrected arithmetic mean of
observations

1 (jednotlivé pozorovani)
|
|
|

| (aritmeticky pramér)
| (arithmetic mean)
c) Korekce vSech poznanych I |
systematickych vlivi
Correction for all recognized systematic —’ I
effects |
|
|
|
|

—

d) Vysledek méreni

Result of measurement ' |

|
(neobsahuje rozptyl na zakladé nedostate¢né
definice mérené veliciny)

(does not include variance due to incomplete

P definition of measurand)
e) Zbyvajici chyba (nepoznatelna)

Remaining error (unknowable) *

f)  Hodnota mérené veli¢iny (nepoznatelna)
Value of measurand (unknowable) I

g) Hodnoty mérené veli¢iny na zaklade
nedostatec¢né definice (nepoznatelngé)

Values of measurand due to incomplete -
definition (unknowable)

h)  Konecny vysledek méfeni
Final result of measurement

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
l
!

Obrazek D.2 - Grafické znazornéni hodnoty, chyby a nejistoty

Figure D.2 - Graphical illustration of value, error, and uncertainty
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Pfiloha E

Motivace a zdklady pro doporuceni INC-1
(1980)

Tato pfiloha uvadi stru¢ny prehled motiva-
ce a statistickych zakladd doporuceni INC-1
(1980) pracovni skupiny pro vyjadreni ne-
jistot, na kterém je zaloZen tento pokyn.
Dalsi informace viz citace[1, 2, 11,12].

E.1 ,Témér jisty”, ,nahodny”
a ,systematicky”

E.1.1 Tento pokyn uvadi Siroce pouzitel-
nou metodu hodnoceni a vyjadfeni nejisto-
ty méreni. Poskytuje spiSe realistickou nez
,témér jistou” hodnotu nejistoty zaloze-
nou na pojeti, Zze neni zasadni rozdil mezi
slozkou nejistoty vznikajici z nahodného vli-
vu a slozkou vznikajici z korekce systema-
tického vlivu (viz 3.2.2 a 3.2.3). Metoda je
zalozena, v protikladu k urcitym dfive po-
uzivanym metodam, na tom, Ze zahrnuje
nasledujici dva nazory, které ma spolecné.

E.1.2 Prvni nazor je, Ze udana nejistota
ma byt ,témér jista” nebo ,konzervativ-
ni”. To znamena, Ze nesmi byt nikdy chyb-
na, jestlize je velmi mala. Ve skutecnosti,
protoze hodnoceni nejistoty vysledku mé-
feni je problematické, byla ¢asto umysiné vé-
domé velka.

E.1.3 Druhy nazor je, Ze vlivy, které zpUso-

buji vznik nejistoty, byly vzdy uznany bud

za ,ndhodné” nebo ,systematické” s tim,
Ze oba maji odliSnou povahu. Nejistoty pfi-
slusné k jednotlivym vlivam, by mély byt
seskupeny vlastnim zpusobem a oddélené
uvadény (nebo seskupeny urcitym zpUso-
bem, je-li poZzadovana jedina hodnota). Ve
skutecnosti zplsob seskupeni nejistot byl
Casto volen tak, aby splrioval pozadavek
jistoty.
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Annex E

Motivation and basis for Recommendation
INC-1 (1980)

This annex gives a brief discussion of
both the motivation and statistical ba-
sis for Recommendation INC-1 (1980) of
the Working Group on the Statement
of Uncertainties upon which this Guide
rests. For further discussion, see references
[1, 2,11, 12].

E.1 “Safe”, “random”, and “systematic”

E.1.1 This Guide presents a widely appli-
cable method for evaluating and expressing
uncertainty in measurement. It provides a re-
alistic rather than a “safe” value of uncer-
tainty based on the concept that there is
no inherent difference between an uncer-
tainty component arising from a random
effect and one arising from a correction
for a systematic effect (see 3.2.2 and 3.2.3).
The method stands, therefore in contrast
to certain older methods that have the fol-
lowing two ideas in common.

E.1.2 The first idea is that the uncertainty
reported should be “safe” or “conserva-
tive”, meaning that it must never err on the
side of being too small. In fact, because the
evaluation of the uncertainty of a measure-
ment result is problematic, it was often
made deliberately large.

E.1.3 The second idea is that the influenc-
es that give rise to uncertainty were always
recognizable as either “random” or “sys-
tematic” with the two being of different
natures; the uncertainties associated with
each were to be combined in their own
way and were to be reported separately
(or when a single number was required,
combined in some specified way). In fact,
the method of combining uncertainties
was often designed to satisfy the safety re-
quirement.
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E.2 Realistickd opravnénost hodnoceni
nejistoty

E.2.1 Pfi zdaznamu hodnoty mérené veli-
¢iny musi byt uvedeny nejlepsi odhad jeji
hodnoty a nejlepsi vyhodnoceni nejistoty
tohoto odhadu, protoze kdyby byla nejis-
tota chybnd, tak neni mozné rozhodnout,
ve kterém smyslu je ,jisté” chybna. Pfilis
malé hodnoty nejistoty by mohly zpUsobit
prilis velkou duvéru v uvedené hodnoty,
coz by mohlo mit nékdy trapné nebo dokon-
ce skodlivé nasledky. Umysiné uvadéni pfilis
velkych nejistot mUze také mit nezadouci
ohlas. To by mohlo zpusobit, Ze uzivatelé
mériciho zarizeni budou kupovat mnohem
nakladnéjsi méfici zafizeni, nez potrebuiji,
nebo zbytecné vyrazeni drahych pfistroju
nebo zreknuti se sluzeb kalibra¢nich labo-
ratofi.

E.2.2 To neznamend, Ze uzivatelé vy-
sledk méreni by nemohli pouzivat vlast-
ni Cinitel nasobeni k stanovené prislusné
nejistoté, aby ziskali rozsifenou nejistotu,
kterd urcuje interval s uréenou konfiden¢ni
urovni a kterd zabezpecuje jejich vlastni po-
tfreby. To znamena ze urdité instituce, kte-
ré poskytuji vysledky méreni, by nemohly
pravidelné pouzivat Cinitel nasobeni, ktery
poskytuje podobnou rozsifenou nejistotu,
splnujici pozadavky urcitého druhu uziva-
tell jejich vysledkud. Avsak, takové Cinitele
(vzdy stanovené) musi byt pouzivané pro
nejistotu, jak je urcena realistickou meto-
dou a pouze po takto urcenou nejistotu
tak, aby interval uréeny rozsifenou nejisto-
tou mél pozadovanou konfiden¢ni Uroven,
a aby cinnost dovolovala jednoduché opa-
kovani v obraceném poradi.
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E.2 Justification for realistic uncertainty
evaluations

E.2.1 When the value of a measurand is
reported, the best estimate of its value and
the best evaluation of the uncertainty of
that estimate must be given, for if the un-
certainty is to err, it is not normally possible
to decide in which direction it should err
“safely.” An understatement of uncertain-
ties might cause too much trust to be pla-
ced in the values reported, with sometimes
embarrassing or even disastrous consequences.
A deliberate overstatement of uncertain-
ties could also have undesirable repercu-
ssions. It could cause users of measuring
equipment to purchase instruments that
are more expensive than they need, or it
could cause costly products to be discarded
unnecessarily or the services of a calibrati-
on laboratory to be rejected.

E.2.2 That is not to say that those using
a measurement result could not apply their
own multiplicative factor to its stated un-
certainty in order to obtain an expanded
uncertainty that defines an interval hav-
ing a specified level of confidence and that
satisfies their own needs, nor in certain
circumstances that institutions providing
measurement results could not routinely
apply a factor that provides a similar ex-
panded uncertainty that meets the needs
of a particular class of users of their results.
However, such factors (always to be stated)
must be applied to the uncertainty as de-
termined by a realistic method, and only
after the uncertainty has been so deter-
mined, so that the interval defined by the
expanded uncertainty has the level of con-
fidence required and the operation may be
easily reversed.
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E.2.3 Zaméstnanci, zabyvajici se mére-
nim, ¢asto musi zaclenit do své analyzy vy-
sledky méreni provadéné mimo jejich puU-
sobnost, kazdy z téchto dalsich vysledku
prindsi svoji vlastni nejistotu. Pfi hodnoceni
nejistoty svého vlastniho vysledku, pro dosa-
Zeni nejlepsi hodnoty, nepotrebuji ,témér
jistou” hodnotu nejistoty kazdého z mimo
jejich pUsobnost ziskanych vysledkd. Navic
musi byt logicky a jednoduchy zpUsob, jak
kombinovat tyto pfidavané nejistoty s ne-
jistotami vlastnich pozorovani k uvadéni
nejistoty vlastnich vysledk(. Doporuceni
INC-1 (1980) poskytuje takovy zpusob.

E.3 Opravnénost pro identické zachazeni
se vsemi slozkami nejistoty

Zaméreni vykladu v tomto ¢lanku je jedno-
duchy priklad, ktery ukazuje, jak pfi hod-
noceni nejistoty vysledku méreni tento po-
kyn presné stejnym zpuUsobem zpracovava
slozky nejistoty vznikajici ndhodnymi vlivy
a z korekce systematickych vlivl. To tudiz
ilustruje nazor, pfijaty vtomto pokynu a ci-
tovany v E.1.3, jmenovité, Ze viechny slozky
nejistoty jsou stejné povahy a musi se tedy
zpracovavat stejnym zpusobem. Vychozi bod
vykladu je zjednodusena derivace matema-
tického vyrazu pro Sifeni smérodatné od-
chylky, nazyvaného v tomto pokynu zdkon
o Sifeni nejistoty.

E.3.1 Vystupniveli¢inaz=f(w, w,, ..., w,)
je zavisla na N vstupnich veli¢inach w,
w, .., w, pfilemz kazda w, je popsana
vhodnym rozdélenim pravdépodobnos-
ti. Rozvoj f stfedni hodnoty veli¢ciny w,
E(w) = u, do Taylorovy fady prvniho fadu,
poskytuje pro malé odchylky z od u, ¢lend
fady z hlediska malych odchylek w, v roz-
sahu u,

n, of
z_:uzzz

—
e (E.1)
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E.2.3 Those engaged in measurement of-
ten must incorporate in their analyses the
results of measurements made by others,
with each of these other results possess-
ing an uncertainty of its own. In evaluat-
ing the uncertainty of their own measure-
ment result they need to have a best val-
ue, not a “safe” value, of the uncertainty
of. each of the results incorporated from
elsewhere. Additionally, there must be
a logical and simple way in which these im-
ported uncertainties can be combined with
the uncertainties of their own observations
to give the uncertainty of their own result.
Recommendation INC-1 (1980) provides
such a way.

E.3 Justification for treating all uncer-
tainty components identically

The focus of the discussion of this subclause
is a simple example, that illustrates how this
Guide treats uncertainty components aris-
ing from random effects and from correc-
tions for systematic effects in exactly the
same way in the evaluation of the uncer-
tainty of the result of a measurement. It
thus exemplifies the viewpoint adopted in
this Guide and cited in E. 1.1, namely, that
all components of uncertainty are of the
same nature and are to be treated identi-
cally. The starting point of the discussion is
a simplified derivation of the mathemati-
cal expression for the propagation of stan-
dard deviations, termed in this Guide the
law of propagation of uncertainty.

E.3.1 Let the output quantity z = f(w,
w,, ..., w,) depend on N input quantities
w,, W, .., w,, where each w, is described

by an appropriate probability distribution.
Expansion of f about the expectations of
the w, E(w) = u, in a first-order Taylor se-
ries yields for small deviations of z about u,
in terms of small deviations of w, about u,

w; = 14;)
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kde viechny ¢leny vyssiho fadu jsou pokla-
dany za bezvyznamné a u_= f(u,, u,, ..., l4,)-
Druha mocnina odchylky z — u_ je dédna po-
moci

(z-p)

a mUze byt psana jako

T i e (RS e o

Ocekdvand hodnota druhé mocniny odchyl-
ky (z—u)?jerozptyl z, cozje E[(z-u )’ =02
a tedy z rovnice (E.2b)

of

2
2
i

ow.

2 N
g, _Zi=1(

V tomto vyrazu, o7 = E[(w, - u)*] je rozptyl

w,ap, =viw, w)(o?, o7 )" je korela¢ni ko-
eficientw,a w, pficemZ v(w, wj) =E[(w,—u)
(wj —,uj)] je kovariance w; a w,.

POZNAMKY
1 o2 a o? jsou centradlni momenty fadu 2 (viz

C.2.13 a C.2.22) rozdéleni pravdépodobnosti
z a w, Rozdéleni pravdépodobnosti miZe byt
zcela charakterizovano svou stfedni hodnotou,
rozptylem a centrdInimi momenty vyssiho radu.

2 Rovnice (13) v 5.2.2 [spolecné s rovnici (15)], kte-
ra je pouzita k vypoctu kombinované standardni
nejistoty, je shodnd s rovnici (E.3), az na to, ze
rovnice (13) je vyjadiena pomoci odhadu rozptyld,
smérodatnych odchylek a korela¢nich koeficientd.

of
[z
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where all higher-order terms are assumed

to be negligible and u, = f(u,, u, ... u,).
The square of the deviation z — u_ is then
given by

( '_,u,')J

which may be written as

(E.2a)

of 6f(w - )W, — )

i (E.2b)
The expectation of the squared devia-

tion (z — u)* is the variance of z, that is,
E[(z - u)’] = o2, and thus equation (E.2b)
leads to

of of

+ZZ Z/ I+1aW a

Uiafpif

(E.3)
In this expression, o’ = E[(w, — u)* is the
variance of w, and py = v(w W)/(J o; )%
is the correlatlon coefflaent of w; and w
where v(w, W) = E[(w, - ,u)(w ,u)] is the
covariance of w and w,.
NOTES

1 o2 and o2 are, respectively, the central mo-

ments of order 2 (see C.2.13 and C.2.22) of the prob-
ability distributions of z and w,. A probability dis-
tribution may be completely characterized by its
expectation, variance, and higher-order central
moments.

2 Equation (13) in 5.2.2 [together with equation
(15)], which is used to calculate combined standard
uncertainty, is identical to equation (E.3) except
that equation (13) is expressed in terms of esti-
mates of the variances, standard deviations, and
correlation coefficients
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E.3.2 V tradi¢ni terminologii je rovnice
(E.3) c¢asto nazyvana ,obecny zakon Sire-
ni chyb”, ndzev, ktery je |épe pouzit pro

Az =1 (of I ow,)Aw;,,

kde Az je zména v z zpUsobena (malymi)
zménami Aw, veli¢iny w, [viz rovnice (E.8)].
Ve skutecnosti je vhodné nazyvat rovni-
ci (E.3) zdkonem o Sifeni nejistoty tak, jak
je uvadéno v tomto pokynu, protoze uka-
zuje, jak se nejistoty vstupnich veli¢in w,
které jsou rovny smérodatnym odchylkam
rozdéleni pravdépodobnosti w, sloudi, aby
daly nejistotu vystupni veli¢iny z, kdyz tato
nejistota je rovna smérodatné odchylce roz-
déleni pravdépodobnosti nahodné veliciny z.

vyraz ve tvaru

E.3.3 Rovnice (E.3) plati také pro Sifeni
nasobkd smérodatnych odchylek, proto-
Ze jestlize kazda smérodatna odchylka o,
je nahrazena nasobkem ko, s tymz k pro
kaZzdou o, smérodatna odchylka vystupni
veli¢iny zmuZe byt nahrazena ko ,. Aviak to
neplati pro Sifeni konfidencnich intervald.
JestliZze kazda o, je nahrazena veli¢inou 9,
kterd stanovuje interval odpovidajici dané
konfidencni urovni p, vysledna velic¢ina pro
z, 6, nebude stanovovat interval odpovida-
jici stejné hodnoté p vyjma pfipadu, kde
viechny w jsou popsany normalnimi rozdé-
lenimi. Zadné takové predpoklady, Ze roz-
déleni pravdépodobnosti velecin w, neni
pouzito v rovnici (E.3). Urcitéjsi je pripad,
kde kazda standardni nejistota u(x) v rov-
nici (10) v 5.1.2 je hodnocena z nezavislych
opakovanych pozorovani a nasobena

t-faktorem, vhodnym pro jeji stupné volnosti
pro urcitou hodnotu p (napft., Zze p =95 %),
tak nejistota odhadu y nebude urcovat in-
terval odpovidajici této hodnoté p (viz G.3
a G.4).
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E.3.2 In the traditional terminology,
equation (E.3) is often called the “general
law of error propagation”, an appellation
that is better applied to an expression of

the form Az =¥ (of / ow,)Aw;,, where Az
is the change in z due to (small) changes
Aw;, in the w, [see equation (E.8)]. In fact, it
is appropriate to call equation (E.3) the law
of propagation of uncertainty as is done in
this Guide because it shows how the un-
certainties of the input quantities w, tak-
en equal to the standard deviations of the
probability distributions of the w, combine
to give the uncertainty of the output quan-
tity z if that uncertainty is taken equal to
the standard deviation of the probability
distribution of z.

E.3.3 Equation (E.3) also applies to the
propagation of multiples of standard de-
viations, for if each standard deviation o, is
replaced by a multiple ko, with the same
k for each o, the standard deviation of
the output quantity z is replaced by ko.,.
However, it does not apply to the propa-
gation of confidence intervals. If each ¢, is
replaced with a quantity ¢, that defines an
interval corresponding to a given level of
confidence p, the resulting quantity for z,
0, will not define an interval correspond-
ing to the same value of p unless all of the
w, are, described by normal distributions. No
such assumptions regarding the normality
of the probability’ distributions of the quan-
tities w, are implied in equation (E.3) More
specifically if in equation (10) in 5.1.2. each
standard uncertainty u(x) is evaluated

from independent repeated observations
and multiplied by the t-factor appropri-
ate for its degrees of freedom for a par-
ticular value of p (say p = 95 percent),
the uncertainty of the estimate y will not
define an interval corresponding to that
value of p (see G.3 and G.4).
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POZNAMKA

Pozadavek na normdlni rozdéleni v pfipadé rozsifeni
konfidencnich intervall pouzitim rovnice (E.3), smi
byt jeden z ddvodu historického oddéleni slozek ne-
jistoty ziskanych z opakovanych pozorovani, o kte-
rych se predpoklada, Ze musi mit normalni rozdéleni,
z néhoz jsou jednoduse vyhodnoceny horni a dolni
hranice.

E.3.4 Uvazuje se nasledujici pfriklad:
z zavisi pouze na jedné vstupni veli¢iné w,
z = f(w), kde w je odhadnuto pomoci pru-
méru n hodnot w, veli¢iny w; téchto n hod-
not je ziskano z n opakovanych pozorovani
g, nahodné veliciny g a w, a g, jsou vyjad-
feny vztahem
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NOTE

The requirement of normality when propagating
confidence intervals using equation (E.3) may be
one of the reasons for the historic separation of the
components of uncertainty derived from repeated
observations, which were assumed to be normally
distributed, from those that were evaluated simply
as upper and lower bounds.

E.3.4 Consider the following example:
z depends on only one input quantity w,
z = f(w), where w is estimated by averag-
ing n values w, of w; these n values are ob-
tained from n independent repeated obser-
vations g, of a random variable g; and w,
and q, are related by

W=+ [, (E.4)

kde a je konstantni ,systematické” vy-
rovnani nebo posun, ktery je spolecny
véem pozorovanim a f je spole¢né méfit-
ko (stupnice). | kdyz posun a a méfitko p,
jsou konstantni v pribéhu pozorovani,
predpoklada se, Ze jsou charakterizovany
apriornim rozdélenim pravdépodobnosti,
kde a a f jsou nejlepsimi odhady ocekdva-
nych hodnot tohoto rozdéleni.

NejlepSim odhadem w je vybérovy pri-
mér w ziskany z

Veli¢ina z je potom odhadnuta pomoci
fw) = fla, 5, 9, q,, .... q,) a odhad u*(2)
jeho rozptylu ¢%(2) je ziskan z rovnice (E.3).
JestliZze se pro zjednoduseni predpoklada, ze
z=w, tak nejlepsiodhad zbylz= f(w ) =w
a pak se da snadno ziskat odhad u?(z).
Z rovnice (E.5) vyplyva, Ze

Here a is a constant “systematic” offset or
shift common to each observation, and
[ is a common scale factor. The offset and
the scale factor, although fixed during the
course of the observations, are assumed to
be characterized by a priori probability dis-
tributions, with o and S the best estimates
of the expectations of these distributions.

The best estimate of w is the arithmetic
mean or average w obtained from

(E.5)
The quantity z is then estimated by
fiw) = fla, B, 9., 9,, ... q,) and the esti-
mate u?(z) of its variance ¢%(2) is obtained
from equation (E.3). If for simplicity it is as-
sumed that z = w so that, the best estimate
of zis z = f(w) = w, then the estimate
u?(z) can be readily found. Noting from
equation (E.5) that

o _,
oo
o ¢ g
o  nio «
a and
of _p
0q, n
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oznacenim odhadnutych rozptyld o a f
jako u?(a) a u*(f) a za predpokladu, Ze jed-
notlivd pozorovani jsou nekorelovana, do-
staneme z rovnice (E.3)

u*(z) =u(a) + QU (B) + 2

kde s*(q,) je vybérovy rozptyl pozorova-
ni g, vypocitany podle rovnice (4) v 4.2.2 a

s’(q)n = s*(q) je vybérovy rozptyl priméru
(@) [rovnice (5) v 4.2.3].

E.3.5 Zhlediska tradi¢ni terminologie, treti
¢len pravé strany rovnice (E.6) je nazyvan
~nahodny” pfispévek k odhadnutému roz-
ptylu u?(z), protoze se bézné zmensuje se
zvySenim poctu pozorovani n, zatimco prv-
ni dva cleny jsou nazyvany ,systematické”
pfispévky, protoze nezavisi na n.

Mnohem vyznamnéjsi, z hlediska nékterych
tradi¢nich zpracovani nejistoty méreni je,
Ze rovnice (E.6) je zpochybnéna, protoze
nerozliduje mezi nejistotami, vznikajicimi
v dusledku systematickych vlivd a témi,
které vznikaji v dlsledku nahodnych vliva.
Zvlasté se muze namitat spojovani rozptylt
ziskanych z apriornich rozdéleni pravdépo-
dobnosti s témi, které byly ziskdny z rozdé-
leni sestavenych na zakladé ¢etnosti, proto-
Ze pojem pravdépodobnost je povazovan
jako pouzitelny pouze pro jevy, které se
mohou opakovat mnohondsobné za v pod-
staté stejnych podminek a to s pravdépodob-
nosti p pro kazdy jev (0 < p < 1) uvadéjici
relativni ¢etnost, se kterou jev nastane.
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denoting the estimated variances of « and
S by u?(e) and u?(f), respectively, and assu-
ming that the individual observations are
uncorrelated, one finds from equation (E.3)

s’(q,)

n (E.6)

where s%(q,) is the experimental variance of
the observations g, calculated according to

equation (4) in 4.2.2, and s%(q,)/n = s*(q) is

the experimental variance of the mean (q)
[equation (5) in 4.2.3].

E.3.5 In the traditional terminology, the
third term on the right-hand side of equa-
tion (E.6) is called a “random” contribution
to the estimated variance u?(z) because it
normally decreases as the number of ob-
servations n increases, while the first two
terms are called “systematic” contributions
because they do not depend on n.

Of more significance, in some traditional
treatments of measurement uncertainty,
equation (E.6) is questioned because no
distinction is made between uncertainties
arising from systematic effects and those
arising from random effects. In particular,
combining variances obtained from a pri-
ori probability distributions with those
obtained from frequency-based distribu-
tions is deprecated because the concept of
probability is considered to be applicable
only to events that can be repeated a large
number of times under essentially the
same conditions, with the probability p of
an event (0 < p < 1) indicating the relative
frequency with which the event will occur.
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V protikladu k této pravdépodobnosti po-
stavené na zakladé Cetnosti, je stejné platny
nazor, ze pravdépodobnost je mira stup-
né presvédceni, Zze jev nastane [13, 14].
Napriklad, se predpoklada, Ze jedinec ma
sanci ziskat malou sumu penéz D, a zZe je ra-
cionalni sazkar. Stupen presvédceni jedince
o tom, Ze jev A nastane je p = 0,5, jestlize
jedinec je lhostejny k témto dvéma moznos-
tem:
(1) ziskani D, jestlize jev A nastane, a nic,
jestlize nenastane;
(2) ziskani D, jestlize jev A nenastane, a nic,
jestlize nastane.

Doporuceni INC-1 (1980), na zakladé které-
ho je tento pokyn sestaven, implicitné pfija-
lo takovy ndzor ohledné pravdépodobnos-
ti, jelikoz uvadi vyrazy jako je rovnice (E.6),
jako vhodny zpusob pro vypocet kombino-
vané standardni nejistoty vysledku méreni.

E.3.6 Existuji tfi odliSné predpoklady in-
terpretace pravdépodobnosti sestavené na
zakladé stupné presvédceni, smérodatné
odchylky (standardni nejistoty) a zdkona
Sifeni nejistoty [rovnice (E.3)] jako zaklad
pro vyhodnocovani a vyjadfovani nejistoty
méreni, jak je provedeno v tomto pokynu:

a) zakon o Sireni nejistoty dovoluje kom-
binovanou standardni nejistotu jedno-
ho vysledku bezproblémové zaclenit do
hodnoceni kombinované standardni
nejistoty jiného vysledku, ve kterém je
prvni pouzit;

b) kombinovana standardni nejistota mUze
slouzit jako zaklad pro vypocet intervald,
které realistickym zpUsobem odpovidaji
pozadovanym konfiden¢nim urovnim; a

¢) pfi hodnoceni nejistoty neni nutno kla-
sifikovat slozky na ,nahodné” nebo
.Systematické” (nebo jakymkoliv jinym
zpusobem), protoze vsechny slozky ne-
jistoty jsou osetfeny stejnym zpUsobem.
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In contrast to this frequency-based point
of view of probability, an equally valid
viewpoint is that probability is a measure
of the degree of belief that an event will
occur [13, 14]. For example, suppose one
has a chance of winning a small sum of
money D and one is a rational bettor. One’s
degree of belief in event A occurring is p =
0,5 if one is indifferent to these two bet-
ting choices:
(1) receiving D if event A occurs but nothing
if it does not occur;
(2) receiving D if event A does not occur but
nothing if it does occur.

Recommendation INC-1 (1980) upon which
this Guide rests implicitly adopts such a view-
point of probability since it views expressions
such as equation (E.6) as the appropriate
way to calculate the combined standard un-
certainty of a result of a measurement.

E.3.6 There are three distinct advantages
to adopting an. interpretation of probabi-
lity based on degree of belief, the standard
deviation (standard uncertainty), and the
law of propagation of uncertainty [equa-
tion (E.3)] as the basis for evaluating and
expressing uncertainty in measurement, as
has been done in this Guide:

a) the law of propagation of uncertainty
allows the combined standard uncer-
tainty of one result to be readily incor-
porated in the evaluation of the com-
bined standard uncertainty of another
result in which the first is used

b) he combined standard uncertainty can
serve as the basis for calculating inter-
vals that correspond in a realistic way to
their required levels of confidence; and

C) it is unnecessary to classify components
as “random” or “systematic” (or in any
other manner) when evaluating uncer-
tainty because all components of uncer-
tainty are treated in the same way
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Vyhoda ¢) je vysoce cenénd, protoze tako-
va kategorizace je ¢asto zdrojem zmatk;
slozka nejistoty neni bud' ,ndhodnd” nebo
.Systematicka”. Jeji povaha je podminéna
zpusobem pouziti odpovidajici veliciny,
nebo vice formalné, souvislosti s tim, jak se
veli¢cina objevi v matematickém modelu,
ktery popisuje méreni. Tedy kdyz odpovi-
dajici velic¢iny jsou pouzivany v odlisné sou-
vislosti, ,ndhodna” slozka se mlze stat ,,sys-
tematickou” slozkou a naopak.

E.3.7 Z dlvodu uvedeném v c), doporu-
¢eni INC-1 (1980) nerozdéluje slozky nejis-
toty na ,ndhodné” nebo ,systematické”.
Ve skutecnosti, pokud se vypocet tyka
kombinované standardni nejistoty vysled-
ku méreni, neni tfeba klasifikovat slozky
nejistoty, a tedy zadna klasifikacni sché-
mata nejsou skutecné potrebna. Nicméng,
vhodné oznaceni mlze byt nékdy uzitecné
pfi komunikaci a vykladu nazord, a proto
doporuceni INC-1 (1980) poskytuje schéma
pro klasifikaci obou odlisSnych metod ,A”
a ,B", pomoci kterych slozky nejistoty mo-
hou byt vyhodnoceny (viz 0.7, 2.3.2 a 2.3.3).

Klasifikovanim metod pouzitych pfi hod-
noceni sloZzek nejistoty se vylouci zakladni
problém spojeny s klasifikaci vlastnich slo-
Zzek, jmenovité zavislosti klasifikace slozek
na tom, jak je pfislusna veli¢ina pouzita.
Avsak, klasifikace metod spiSe nez slozek
predem nevylucuje seskupeni jednotlivych
slozek vyhodnocenych obéma metodami
do urcenych skupin pro zvlastni ucel da-
ného méreni, napriklad, pfi porovnavani
experimentalné pozorovaném a teoretic-
ky predpovédéném rozptylu vystupnich
hodnot komplexniho systému méreni
(viz 3.4.3).
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Benefit c) is highly advantageous because
such categorization is frequently a source of
confusion; an uncertainty component is not
either “random” or “systematic.” Its nature
is conditioned by the use made of the cor-
responding quantity, or more formally, by
the context in which the quantity appears
in the mathematical model that describes
the measurement. Thus, when its corre-
sponding quantity is used in a different con-
text, a “random” component may become
a “systematic” component, and vice versa.

E.3.7 For the reason given in ¢) above,
Recommendation INC-1 (1980) does not
classify components of uncertainty as ei-
ther “random” or “systematic”. In fact,
as far as the calculation of the combined
standard uncertainty of a measurement re-
sult is concerned, there is no need to clas-
sify uncertainty components and thus no
real need for any classificational scheme.
Nonetheless, since convenient labels can
sometimes be helpful inthe communication
and discussion of ideas, Recommendation
INC-1 (1980) does provide a scheme for clas-
sifying the two distinct methods by which
uncertainty components may be evaluated,
“A" and “B"” (see 0.7, 2.3.2, and 2.3.3).

Classifying the methods used to evaluate
uncertainty components avoids the princi-
pal problem associated with classifying the
components themselves, namely, the de-
pendence of the classification of a compo-
nent on how the corresponding quantity
is used. However, classifying the methods
rather than the components does not pre-
clude gathering the individual components
evaluated by the two methods into specific
groups for a particular purpose in a given
measurement, for example, when compar-
ing the experimentally observed and theo-
retically predicted, variability of the output
values of a complex measurement system
(see 3.4.3).

117



E.4 Smérodatné odchylky jako miry
nejistoty

E.4.1 Rovnice (E.3) pozaduje, aby bez
ohledu na to, jak je nejistota odhadu
vstupni veli¢iny ziskdna, byla vyhodnocena
jako standardni nejistota, tj. jako odhad
smérodatné odchylky. Jestlize je namisto
toho vyhodnocena néktera ,témér jista”
alternativa, nemuze byt pouzita v rovnici
(E.3). Zvlaste, kdyz ,maximalni mez chyby”
(nejvétsi mozna odchylka od domnélého nej-
lepSiho odhadu) je pouzita v rovnici (E.3),
bude vysledna nejistota mit nespravné ur-
¢eny vyznam a bude nepouzitelnd pro za-
¢lenéni do nasledujicich vypoctl nejistoty
jinych velic¢in (viz E.3.3).

E.4.2 Pokud nemlze byt vyhodnocena
standardni nejistota vstupni veli¢iny analyzou
vysledkd vhodného poctu opakovanych po-
zorovani, potom musi byt pfijato rozdéleni
pravdépodobnosti a to na zakladé znalos-
ti, ktera je mnohem méné rozsahla, nez by
mohlo byt zadouci. Timto se viak rozdéle-
ni nestdvd neplatné nebo neredlné; jako
vsechna rozdéleni pravdépodobnosti je to
vyjadreni existujici znalosti.

E.4.3 Hodnoceni na zakladé opakovanych
pozorovani nejsou nutné lepsi, nez hodno-
ceni ziskand jinymi zpusoby. Predpoklada

se, ze s(q) je vybérova smérodatna od-
chylka stfedni hodnoty n nezavislych po-
zorovani g, nahodné veliciny q [viz rovnice

(5) v 4.2.3]. Veli¢ina s(q) je statistika (viz
C.2.23), ktera odhaduje o(q), smérodat-

nou odchylku rozdéleni pravépodobnosti g,
kterd je smérodatna odchylka rozdéleni

hodnot g, kterd by se mohla ziskat pfi ne-
kone¢ném poctu opakovanych méreni.

Rozptyl o [s(q)] veli¢iny s(g) ma ptiblizny
tvar
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E.4 Standard deviations as measures of
uncertainty

E.4.1 Equation (E.3) requires that no mat-
ter how the uncertainty of the estimate
of an input quantity is obtained, it must be
evaluated as a standard uncertainty, that is,
as an estimated standard deviation. If some
"safe” alternative is evaluated’ instead, it
cannot be used in equation (E.3). In par-
ticular, if the “maximum error bound” (the
largest conceivable deviation from the pu-
tative best estimate) is used in equation
(E.3), the resulting uncertainty will have an
ill-defined meaning and will be unusable
by anyone wishing to incorporate it into
subsequent calculations of the uncertain-
ties of other quantities (see E.3.3).

E.4.2 When the standard uncertainty of
an input quantity cannot be evaluated by
an analysis of the results of an adequate
number of repeated observations, a prob-
ability distribution must be adopted based
on knowledge that is much less extensive
than might be desirable. That does not,
however, make the distribution invalid or
unreal; like all probability distributions it
is an expression of what knowledge exists.

E.4.3 Evaluations based on repeated ob-
servations are not necessarily superior to
those obtained by other means. Consider

s(q), the experimental standard deviation
of the mean of n independent observa-
tions g, of a normally distributed random
variable g [see equation (5) in 4.2.3]. The

quantity s(q) is a statistic (see C.2.23) that
estimates o(q), the standard deviation of

the probability distribution of g, that is, the
standard deviation of the distribution of

the values of g that would be obtained
if the measurement were repeated an infi-
nite number of times.

The variance o?[s(q)] of s(g) is given,
approximately, by

o’ [s(@)]~c*@)/2v

(E.7)
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kde v = n — 1 je stupen volnosti s(q) (viz
G.3.3). Tedy, relativni smérodatnd od-

chylka pro s(q), ktera je dana pomérem
o[s(@)]/ o(q) a kterd muze byt brana jako
mira relativni nejistoty k s(g), je priblizné
[2(n — 1)]7= Tato "nejistota nejistoty" q
, kterd vznika z Cisté statistického duvodu
rozsahové omezeného vzorku, mlze byt
prekvapivé velka; pro n = 10 pozorovani je
to 24 %. Tyto a dalsi hodnoty jsou uvedeny
v tabulce E.1, ze které vyplyva, Zze sméro-
datna odchylka statistického odhadu smé-

rodatné odchylky neni zanedbatelna pro
praktické hodnoty n.

Z toho se da vyvodit zaveér, ze vyhodnoceni
standardni nejistoty zplisobem A nemusi
byt nutné spolehlivéjsi nez vyhodnoceni
zpusobem B, a Ze v mnoha praktickych si-
tuacich méreni, kde je omezeny pocet po-
zorovani slozky, ziskané z hodnoceni zpu-
sobem B, by mohly byt Iépe zndmé, nez
slozky ziskané z hodnoceni zplsobem A.
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where v =n — 1 is the degrees of freedom
of s(g) (see G.3.3). Thus the relative stan-
dard deviation of s(q), which is given by

the ratio o[s(g)]/o(q) and which can be
taken as a measure of the relative uncer-

tainty of s(q), is approximately [2(n — 1)]™
This “uncertainty of the uncertainty” of

g, which arises from the purely statistical
reason of limited sampling, can be surpris-
ingly large; for n = 10 observations it is
24 percent. This and other values are given
in table E.1, which shows that the standard
deviation of a statistically estimated stan-
dard deviation is not negligible for practi-
cal values of n.

One may therefore conclude that Type A
evaluations of standard uncertainty are
not necessarily more reliable than Type B
evaluations, and that in many practical
measurement situations where the number
of observations is limited, the components
obtained from Type B evaluations may be
better known than the components ob-
tained from Type A evaluations.
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Tabulka E.1 - o[s(q)]/ o(q) smérodatna odchylka vybérové smérodatné odchylky priimé-
ru g, n nezavislych pozorovani z normalniho rozdéleni nahodné veli¢iny g, v poméru
k smérodatné odchylce® ®

Table E.1 - o—[s(a)] / o(q), the standard deviation of the experimental standard deviation of

the mean g of n independent observations of a normally distributed random variable
q, relative to the standard deviation of that mean® ®

Pocet pozorovani n 0[ s((_])] 15(3) (%)
Number of observations n
2 76
3 52
4 42
5 36
10 24
20 16
30 13
50 10

@ Hodnota dana vypo¢tem z exaktniho vyrazu pro o[s(g)]/o(g), ne pfibliznym vyrazem [2(n - 1)]-'~.

@ The values given have been calculated from the exact expression for 0[3(5)]/0(6) , not the approximate
expression [2(n — 1)]-"2.

® Ve vyrazu o[s(q)]/o(q), je jmenovatel o(g) predpokladan jako
E[S/\/ﬂ a ¢itatel o[ 5(q) ] je druha mocnina odchylky

V[Sl\/ﬂ kde S znadi rdzné proménné rovnice pfi normalnim rozdéleni
z n nezavisle ndhodnych proménnych X, ..., X, které maji kazda normalni
rozdéleni se stfedni hodnotou x a rozptylem ¢2.

1 0 S
S= =2 -X) X--> X,
=1

n-14

Predpoklad a odchylka od S jsou dany:

ds]- -2 ﬂ((—’%] Vis]= 02— lsF

Kde /(x) je funkce gama(strmosti). Je tfeba si v§imnout, Ze E [S] < o pro konecny pocet n.

® In the expression 0[3(5)]/0‘((_7) , the denominator o(gq) is the expectation
E[S/\/ﬂ and the numerator o[s(a)} is the square root of the variance

V[S/\/ﬂ where S denotes a random variable equal to the standard deviation
of n independent random variables X,, ..., X, each having a normal
distribution with mean value ¢ and variance ¢2.

1 % o 1L
B D e W
=1 =1

The expectation and variance of S are given by:

s -2 _[an/z]o Us]= o2 - HsP

where I (x) is the gamma function. Note that E[S] < o for a finite number n.
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E.4.4 Je argumentovano, ze zatimco ne-
jistoty spojené s aplikaci urc¢ité metody mé-
feni jsou statistické parametry charakterizu-
jici nahodné veliciny, existuji pfipady , pra-
vych systematickych vlivd”, jejichz nejistoty
musi byt zpracované odliSnym zpUsobem.
Napfiklad vyrovnani (posun) s nezndmou
neménnou hodnotou, ktera je stejna pfi
kazdém urceni pomoci metody a je zpu-
sobend moznou nedokonalosti samotného
principu této metody nebo jednim z jejich
dulezitych predpokladu. Ale jestlize je pred-
poklad, aby bylo uznano, ze takové vyrov-
nani existuje a jeho hodnota je vyznamn3,
pak muize byt popsano rozdélenim pravdé-
podobnosti, aviak jednoduse sestaveno na
zakladé znalosti, ktera vede k zavéru, ze
by mohlo existovat a byt vyznamné. Tedy,
jestli pravdépodobnost je povazovdna za
miru stupné presvédceni, Ze urcity jev na-
stane, pak pfispévek tohoto systematické-
ho vlivu mlze byt zahrnut do kombinova-
né standardni nejistoty vysledku méreni
pomoci jeho hodnoceni, jako standardni
nejistoty apriorniho rozdéleni pravdépodob-
nosti a jeho zpracovani stejnym zpUsobem,
jako kterékoliv standardni nejistoty vstupni
veliciny.

PRIKLAD

Specifikace postupu méreni vyZaduje, aby urcita
vstupni veli¢ina byla vypocitana z urcitého rozvoje ma-
tematické rady, jejiz ¢leny vyssiho fadu nejsou presné
znamy. Systematicky vliv, ktery vychazi z neschopnosti
pfesné zpracovat tyto ¢leny, vede k nezndmé neménné
trvalé odchylce, kterou neni mozné experimentalné
vzorkovat opakovanim postupu. Tedy nejistota, spo-
jena s timto vlivem, nemuze byt vyhodnocena a za-
hrnuta do nejistoty kone¢ného vysledku méreni a to
tehdy, jestlize je dusledné dodrzeno vysvétleni poj-
mu pravdépodobnosti na zakladé ¢etnosti. Aviak vy-
svétleni pojmu pravdépodobnosti na zdkladé stupné
presvédceni dovoluje, aby nejistota charakterizujici
vliv byla vyhodnocena z apriorniho rozdéleni prav-
dépodobnosti (odvozeného z dostupnych znalosti,
tykajicich se nepfesné znamych ¢lentd), a aby byla
zahrnuta do kombinované standardni nejistoty vy-
sledku méreni, jako kterékoliv dalsi nejistoty.
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E.4.4 It has been argued that, whereas
the uncertainties associated with the appli-
cation of a particular method of measure-
ment are statistical parameters character-
izing random variables, there are instances
of a "truly systematic effect” whose uncer-
tainty must be treated differently. An ex-
ample is an offset having an unknown fixed
value that is the same for every determina-
tion by the method due to a possible imper-
fection in the very principle of the method
itself or one of its underlying assumptions.
But if the possibility of such an offset is ac-
knowledged to exist and its magnitude is
believed to be possibly significant, then it
can be described by a probability distribu-
tion, however simply constructed, based on
the knowledge that led to the conclusion
that it could exist and be significant. Thus,
if one considers probability to be a measure
of the degree of belief than an event will
occur, the contribution of such a systemat-
ic effect can be included in the combined
standard uncertainty of a measurement result
by evaluating it as a standard uncertainty
of an a priori probability distribution and
treating it in, the same manner as any other
standard uncertainty of an input quantity.
EXAMPLE

The specification of a particular measurement proce-
dure requires that a certain input quantity be calculated
from a specific power-series expansion whose higher-
order terms are inexactly known. The systematic ef-
fect due to not being able to treat these terms exactly
leads to an unknown fixed offset that cannot be ex-
perimentally sampled by repetitions of the procedure.
Thus the uncertainty associated with the effect cannot
be evaluated and included in the uncertainty of the
final measurement result if a frequency-based inter-
pretation of probability is strictly followed. However,
interpreting probability on the basis of degree of be-
lief allows the uncertainty characterizing the effect
to be evaluated from an a priori probability distribu-
tion (derived from the available knowledge concern-
ing the inexactly known terms) and to be included in
the calculation of the combined standard uncertainty
of the measurement result like any other uncertainty.
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E.5 Porovnani dvou pohledi na nejistotu

E.5.1 Zaméreni tohoto pokynu je vice na
vysledky méreni a jejich vyhodnocené ne-
jistoty nez na , pravé” hodnoty neznamych
veli¢in a chyb (viz pfiloha D). Na zakladé
provozniho pohledu, ze vysledek méreni
je jednoduse pfisuzovan mérené velicing,
a Ze nejistota tohoto vysledku je mira roz-
ptyleni hodnot, které by mohly byt odu-
vodnitelné pfisuzovany mérené veliciné,
teno pokyn rozdéluje ¢asto zavadéjici spo-
jeni mezi nejistotou a ,,pravou” hodnotou
nezndmé veliciny a chyby.

E.5.2 Toto spojeni muze byt pochopeno
vysvétlenim odvozeni rovnice (E.3), zakona
o Sifeni nejistoty, z pohledu ,pravé” hod-
noty a chyby. V tomto pfipadé u, je ukaza-
no jako nezndma, ,prava” hodnota vstup-
ni veliciny w, a o kazdé w;, se pfedpoklada,
Ze je v pomeéru k jeji ,pravé” hodnoté u,
podle w, = u + ¢, kde ¢, je chyba w.. Stfedni
hodnota rozdéleni pravdépodobnosti kaz-
dé ¢, se pfedpoklada nulova, E(e) = 0, s roz-
ptylem E(s?)=o?. Rovnice (E.1) se stava po-
tom

kde ¢, = z — u, je chyba z a u, je “prava”
hodnota z. Jestlize se pak vezme o¢ekavana
stfedni hodnota druhé mocniny ¢, ziskame
rovnici identickou k rovnici (E.3), ale ve kte-

ré o) =E(s7) je rozptyl pro ¢, a p, = Ve, &)/

(a,zcrf)'/z je korela¢ni koeficient pro ¢ a¢,
kde v(e, 8}.) = E(e, ej) je kovariance ¢, a &
Rozptyl a korela¢ni koeficienty jsou tak
spojovany spise s chybami vstupnich veli¢in
nez samotnymi vstupnimi veli¢inami.
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E.5 A comparison of two views of
uncertainty

E.5.1 The focus of this Guide is on the
measurement result and its evaluated un-
certainty rather than on the unknowable
quantities “true” value and error (see an-
nex D). By taking the operational views
that the result of a measurement is sim-
ply the value attributed to the measurand
and that the uncertainty of that result is
a measure of the dispersion of the values
that could reasonably be attributed to the
measurand, this Guide in effect uncouples
the often confusing connection between
uncertainty and the unknowable quanti-
ties “true” value and error.

E.5.2 This connection may be understood
by interpreting the derivation of equation
(E.3), the law of propagation of uncer-
tainty, from the standpoint of “true” value
and error. In this case y, is viewed as the
unknown, unique “true” value of input
quantity w, and each w, is assumed to be
related to its “true” value u, by w, = u, + ¢,
where ¢, is the error in w. The expectation
of the probability distribution of each; is
assumed to be zero, E(¢) = 0, with variance

E(s?) = o} . Equation (E.1) becomes then

v of
o

i1 OW

(E.8)
where ¢, = z— u_is the error in z and u_ is
the “true” value of z. If one then takes the
expectation of the square of ¢, one obtains
an equation identical in form to equation

(E3) but in which o2 = E(¢?) is the variance

of g,and p, = v(e; £)( a,.zaf )% is the correlation
coefficient of ¢ and &y where v(e, 8j) = E(e, aj)
is the covariance of ¢, and ¢. The variances
and correlation coefficients are thus associ-
ated, with the errors of the input quanti-
ties rather than with the input quantities
themselves.
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POZNAMKA

Predpoklada se, Ze pravdépodobnost je brana jako
mira stupné presvédceni, Ze néjaky jev nastane,
coz také znamena, Ze systematickd chyba ma byt
zpracovdana stejnym zpusobem, jako ndhodna chyba
a ze ¢, vyjadfuje oba druhy.

E.5.3 V praxi rozdil v pohledu nevede k roz-
diluv ciselné hodnoté vysledku méfeni nebo
nejistoty spojené s vysledkem.

Za prvé, v obou pripadech, nejlepsi dostup-
né odhady vstupnich veli¢in w, jsou pouZiva-
ny k ziskani nejlepsiho odhadu z a to z funk-
ce f. Pfitom pfri vypoctu neni zadny rozdil,
jestlize nejlepsi odhady jsou uvedeny jako
hodnoty, které jsou s nejvétsi pravdépodob-
nosti pfisuzovany prislusné mérené veliciné
nebo nejlepsim odhadim jejich ,pravych”
hodnot.

Za druhég, protoZe ¢, = w, — u, pfedstavuje
jednoznacné stadlé hodnoty a nemaji zad-
nou nejistotu, rozptyly a smérodatné od-
chylky ¢, a w, jsou identické. To znamena, Ze
v obou pfipadech standardni nejistoty pou-
Zité jako odhady smérodatnych odchylek o
k ziskdni kombinované standardni nejisto-
ty vysledku méreni jsou identické a vedou
ke stejné ciselné hodnoté této nejistoty.
Ddle, nejsou zadné rozdily ve vypoctech,
jestlize standardni nejistota je znazorné-
na jako mira rozptyleni rozdéleni pravdé-
podobnosti vstupni veli¢iny nebo jako mira
rozptyleni rozdéleni pravdépodobnosti chy-
by této veliCiny.

POZNAMKA

Jestlize nebyl splnén predpoklad pozndmky z E.5.2,
potom text tohoto clanku neni pouzitelny, pokud
vsechny odhady vstupnich veli¢in a nejistoty téchto
odhadl nebyly ziskany ze statistické analyzy opako-
vanych pozorovani, tj. z hodnoceni zplsobem A.
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NOTE

It is assumed that probability is viewed as a mea-
sure of the degree of belief that an event will occur,
implying that a systematic error may. be treated in
the same way as a random error and that ¢, repre-
sents either kind.

E.5.3 In practice, the difference in point of
view does not lead to a difference in the nu-
merical value of the measurement result or
of the uncertainty assigned to that result.

First, in both cases, the best available esti-
mates of the input quantities w, are used
to obtain the best estimate of z from the
function f; it makes no difference in the cal-
culations if the best estimates are viewed
as the values most likely to be attributed to
the quantities in question or the best esti-
mates of their “true” values.

Second, because ¢, = w, — u, and because the
represent unique, fixed values and hence
have no uncertainty, the variances and stan-
dard deviations of the ¢, and w; are identi-
cal. This means that in both cases, the stan-
dard uncertainties used as the estimates
of the standard deviations ¢, to obtain the
combined standard uticertainty of the mea-
surement result are identical and will yield
the sme numerical value for that uncertainty.
Again, it makes no difference in the calcula-
tions if a standard uncertainty is viewed as
a measure of the dispersion of the probability
distribution of an input quantity or as a mea-
sure of the dispersion of the probability distri-
bution of the error of that quantity.

NOTE

If the assumption of the note of E.5.2 had not been
cmade, then the discussion of this subclause would
not apply unless all of the estimates of the input
quantities and the uncertainties of those estimates

were obtained from the statistical analysis of repeat-
ed observations, that is, from Type A evaluations.
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E.5.4 Pfistup zaloZzeny na , pravé” hodno-
té a chybé poskytuje stejné cCiselné vysledky
jako pfistup prevzaty timto pokynem (po-
skytnuty, na zakladé predpokladu pozndm-
ky k E.5.2), nebot pojem nejistoty z tomto
pokynu eliminuje zdménu mezi chybou
a nejistotou (viz priloha D). Provozni pfi-
stup tohoto pokynu, ktery je zaméren na
pozorovanou (nebo odhadnutou) hodnotu
veli¢iny a pozorovany (nebo odhadnuty)
rozptyl této hodnoty, ponechava jakouko-
liv zminku o chybé zcela nepodstatnou.
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E.5.4 While the approach based on “true”
value and error yields the same numerical
results as the approach taken in this Guide
(provided that the assumption of the note
of E.5.2 is made), this Guide’s concept of
uncertainty eliminates the confusion be-
tween error and uncertainty (see annex D).
Indeed, this Guide’s operational approach,
wherein the focus is on the observed (or
estimated) value of a quantity and the
observed (or estimated) variability of that
value, makes any mention of error entirely
unnecessary.
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Pfiloha F

Prakticky ndvod na hodnoceni slozek
nejistoty

Tato priloha poskytuje dopliujici ndvrhy,
hlavné praktické povahy, pro hodnoceni
slozek nejistoty, které dopliuji navrhy jiz
uvedené v casti 4.

F.1 Slozky hodnocené z opakovanych po-
zorovani: vyhodnoceni standardni ne-
jistoty zpisobem A

F.1.1 Nahodilost a opakovana pozorovani

F.1.1.1 Nejistoty uréené z opakovanych
pozorovani jsou Casto proti tém, které byly
hodnoceny jinymi metodami, uvadény jako
~objektivni”, ,statisticky presné”, atd. To
vede k nespravnému zavéru, ze mohou byt
hodnoceny pouze na zakladé pouziti stati-
stickych vzorcu vztazenych na dané pozo-
rovani a nevyzaduji pouziti zadnych usudkda.

F1.1.2 Za prvé je tfeba se ptat: ,Do jaké
miry opakovand pozorovani jsou uplné ne-
zavislym opakovdnim postupu méreni?”
Jestlize vSechna pozorovani jsou na jedi-
ném vzorku a jestli vzorkovani je soucasti
postupu méreni, protoze mérend velic¢ina
je materialovou vlastnosti (jako protiklad
vlastnosti materidlu daného vzorku), pak
pozorovani nemohou byt nezavisle opako-
vana. Hodnoceni slozky rozptylu, vznikaji-
¢i z moznych rozdilnosti mezi vzorky, musi
byt pri¢teno k pozorovanému rozptylu opa-
kovanych pozorovani provedenych na jedi-
ném vzorku.

Jestlize vynulovani pfistroje je soucasti po-
stupu méreni, pak pristroj by mél byt zno-
vu vynulovan jako soucast kazdého opako-
vani, i kdyz béhem doby, ve které jsou po-
zorovani provadéna dochazi k nevyznam-
nému posunu, protoze existuje potencidlni
a statisticky urcitelnd nejistota souvisejici
s vynulovanim.
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Annex F

Practical guidance on evaluating
uncertainty components

This annex gives additional suggestions for
evaluating uncertainty components, mainly
of a practical nature, that are intended to
complement the suggestions already given
in clause 4.

F.1 Components evaluated from repeated
observations: Type A evaluation of
standard uncertainty

F.1.1 Randomness and repeated
observations

F.1.1.1 Uncertainties determined from re-
peated observations are often contrasted
with those evaluated by other means as
being “objective”, “statistically rigorous”,
etc. That incorrectly implies that they can be
evaluated merely by the application of sta-
tistical formulae to the observations and
that their evaluation does not require the
application of some judgement.

F.1.1.2 It must first be asked, “To what
extent are the repeated observations com-
pletely independent repetitions of the
measurement procedure?” If all of the
observations are on a single sample, and
if sampling is part of the measurement
procedure because the measurand is, the
property of a material (as opposed to the
property of a given specimen of the mate-
rial), then the observations have not been
independently repeated; an evaluation of
a component of variance arising from pos-
sible differences among samples must be
added to the observed variance of the re-
peated observations made on the single
sample.

If zeroing an instrument is part of the mea-
surement procedure, the instrument ought
to be rezeroed as part of every repetition,
even if there is negligible drift, during the
period in which observations are made, for
there is potentially a statistically determin-
able uncertainty attributable to zeroing.
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Podobné, jestlize ma byt proveden odecet
barometru, pak musi v zasadé byt prove-
den pfi kazdém opakovani méreni (lépe
po jeho prerudeni a povoleni, aby se vratil
do stavu rovnovahy), protoze muze byt od-
chylka nejen v indikaci, ale i ve ¢teni, i kdyz
barometricky tlak je stabilni.

F1.1.3 Za druhé je tfeba se ptat, jestli
vsechny vlivy, o kterych se predpoklada, Ze
jsou ndhodné, jsou opravdu ndhodné. Jsou
stfedni hodnoty a rozptyly jejich rozdéleni
konstantni nebo snad existuje posun hod-
not neméritelné ovliviujici veliciny béhem
doby opakovani pozorovani? Jestlize je do-
stateCny pocet pozorovani, tak aritmetické
priméry vysledkd prvni a druhé poloviny
doby méreni a jejich vybérovych smérodat-
nych odchylek maji byt vypocitany a oba
priméry porovnany mezi sebou a to k po-
souzeni, zda rozdil mezi nimi je statisticky
vyznamny a tedy zda existuje vliv, ktery se
meéni v zavislosti na case.

F.1.1.4 Jestlize hodnoty ,verejné sluzby”
v laboratofi (napéti a frekvence dodavky
elektrické energie, tlak a teplota vody, tlak
dusiku, atd.) jsou ovlivaujici veli¢iny, pak
bézné existuje silny nenahodny prvek v je-
jich kolisani, ktery nemuze byt prehlédnut.

svwvs

digitalniho zobrazeni se trvale méni bé-
hem pozorovani v dlisledku ,Sumu”, pak
je nékdy obtizné vybrat nepoznatelnou
osobné preferovanou hodnotu této dislice.
Je lepsi zobrazeni néjakym zplsobem na
malou chvili zmrazit a zapisovat zmrazeny
vysledek.

F.1.2 Korelace
Mnoho aspektu vysvétlenych v tomto ¢lan-

ku plati také pro hodnoceni standardni ne-
jistoty zpusobem B.

F.1.2.1 Kovariance pfislusna k odhadim
dvou vstupnich veli¢in X; a X; maze byt bra-
na jako nulova nebo povazovdna za nevy-
znamnou, jestlize
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Similarly, if a barometer has to be read, it
should in principle be read for each repeti-
tion of the measurement (preferably after
disturbing it and allowing it to return to
equilibrium), for there may be a variation
both in indication, and in reading, even if
the barometric pressure is constant.

F.1.1.3 Second, it must be asked wheth-
er all of the influences that are assumed
to be random really are random. Are the
means and variances of their distributions
constant, or is there perhaps a drift in the
value of an unmeasured influence quan-
tity during the period of repeated obser-
vations? If there is a sufficient number of
observations, the arithmetic means of the
results of the first and second halves of the
period and their experimental standard
deviations may be calculated and the two
means compared with each other in order
to judge whether the difference between
them is statistically significant and thus if
there is an effect varying with time.

F.1.1.4 If the values of “common services”
in the laboratory (electric-supply voltage
and frequency, water pressure and tem-
perature, nitrogen pressure, etc.) are influ-
ence quantities, there is normally a strong-
ly nonrandom element in their variations
that cannot be overlooked.

F1.1.5 If the least significant figure of
a digital indication varies continually during
an observation due to “noise”, it is some-
times difficult not to select unknowingly
personally preferred values of that digit. It
is better to arrange some means of freez-
ing the indication at an arbitrary instant
and recording the frozen result.

F.1.2 Correlations
Much of the discussion in this subclause ‘is

also applicable to Type B evaluations of stan-
dard uncertainty.

F.1.2.1 The covariance associated with the
estimates of two input quantities X. and X;

may be taken to be zero or treated as in-
significant if
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a) X a Xj jsou nekorelované, (nahodné
veli¢iny, nefyzikalni veli¢iny, o kterych
se prepoklada, Zze jsou neménné - viz
4.1.1, poznadmka 1) napfriklad, protoze
byly opakovany, ale neméfeny soucasné
v odliSnych nezavislych experimentech,
nebo protoze vyjadruji vysledné veliciny
rdzné vyhodnocené a tak byly zjistény
nezavisle nebo

b) jedna z veli¢in X, a X; muZe byt povaZzo-
vana za konstantni nebo

¢) informace k hodnoceni kovariance
spojené s odhady veli¢in X, a X; jsou
nedostatecné.

POZNAMKY

1 Nadruhé strané, v urcitych pripadech, jako je pfi-
klad referen¢niho odporu v poznamce 1 k 5.2.2,
je zfejmé, ze vstupni veliciny jsou zcela korelova-
né a standardni nejistoty jejich odhadu se linear-
né spojuji.

2 Jiné experimenty také nemusi byt navzdjem
nezavislé, jestlize je napriklad pokazdé pouzit
stejny pfistroj (viz F.1.2.3)

F.1.2.2 Jestlize dvé opakované a soucasné
pozorované vstupni veli¢iny jsou nebo ne-
jsou korelovany, je dovoleno je urdit po-
moci rovnice (17) v 5.2.3. Napfiklad, jestli-
Zze kmitocet oscilatoru je vstupni veli¢inou
a z ddvodu teploty je nekompenzovany
nebo Spatné kompenzovany a jestli okolni
teplota je také vstupni velicinou a obé jsou
sledovany soucasné, muze existovat vy-
znamna korelace odhalena vypoctenou ko-
varianci mezi kmito¢tem oscilatoru a okolni
teplotou.
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a) X, and X; are uncorrelated (the random
variables, not the physical quantities
that are assumed to be invariants — see
4.1.1, note 1), for example, because they
have been repeatedly but not simulta-
neously measured in different indepen-
dent experiments or because they rep-
resent resultant quantities of different
evaluations that have been made inde-
pendently, or if

b) either of the quantities X, or X; can be
treated as a constant, or if

¢) there is insufficient information to eval-
uate the covariance associated with the
estimates of X and XJ

NOTES

1 On the other hand, in certain cases, such as the
reference-resistance example of note 1 to 5.2.2,
it is apparent that the input quantities are fully
correlated and that the standard uncertainties of
their estimates combine linearly.

2 Different experiments may not be independent
if, for example, the same instrument is used in
each (see F.1.2.3).

F.1.2.2 Whetheror nottwo repeatedly and si-

multaneously observed input quantities are

correlated may be determined by means of
equation (17) in 5.2.3. For example, if the
frequency of an oscillator uncompensated
or poorly compensated for temperature
is an input quantity, if ambient tempera-
ture is also an input quantity, and if they
are observed simultaneously, there may be

a significant correlation revealed by the

calculated covariance of the frequency of the

oscillator and the ambient temperature.
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F.1.2.3 V praxi jsou vstupni veli¢iny casto
korelovany, protoze stejné fyzikalni etalo-
ny méfeni, méfici pristroje, referencni data
nebo dokonce metoda méreni, majici vy-
znamnou nejistotu, jsou pouzivany pfri
odhadu jejich hodnot. Bez omezeni obec-
nosti Ize predpokladat, ze dvé vstupni ve-
liciny X, a X,, odhadnuté pomoci x, a x,,
zavisi na mnoziné nekorelovanych promén-
nych Q, Q,, ... Q,. Tedy X, = F(Q,, Q,, ..., Q)
aX,=a(Q, Q, .. Q) ikdyZ nékteré tyto
proménné se aktualné mohou objevit jen
v jedné funkci a ne ve druhé. Jestli u*(q) je
odhad rozptylu spojeny s odhadem q, pro
Q,, pak odhadnuty rozptyl spojeny s x, je
z rovnice (10) v 5.1.2
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F.1.2.3 In practice, input quantities are of-
ten correlated because the same physical
measurement standard, ‘measuring instru-
ment, reference datum, or even measure-
ment method having a significant uncer-
tainty is used, in the estimation of their
values. Without loss of generality, suppose
two input quantities X, and X, estimated
by x, and x, depend on a set of uncorre-
lated variables Q,, Q,, ..., Q,. Thus X, = F(Q,,
Q, ... Q)and X, =G(Q, Q,, .., Q), although
some of these variables may actually ap-
pear only in one function and not in the
other. If u*(q) is the estimated variance as-
sociated with the estimate g, of Q,, then

the estimated variance associated with x,
is, from equation (10) in 5.1.2,

UZ(X1) = ,Z1:|:68_C,]:,} Uz(q/)

a se stejnym vyrazem pro u*(x,). Odhadnuta
kovariance spojena s x, a x, je dana rovnici

u(x,, x,) =

Protoze pouze tyto <cleny, pro které
OFloq, # 0 a 0G/oq, # 0 pfispivaji pro dané |
k souctu, je kovariance nulova, jestlize zad-
na proménnad neni spole¢na obéma Fa G.
Odhad korelacnich koeficientd r(x,, x,)
spojenych se dvéma odhady x, a x, je
uen z u(x,, x,) [rovnice (F.2)] a rovnici (14)
v 5.2.2, s u(x,) vypoctenym z rovnice (F.1)
a s u(x,) ze stejného vyrazu. [Viz také rov-
nice (H.9) v H.2.3]. Tento postup je mozné
uplatnit pro odhadnutou kovarianci, spo-
jenou se dvéma odhady vstupnich velicin
a ziskat jak statistickou slozku [viz rovnice
(17) v 5.2.3], tak slozku vzniklou, jak bylo
vysvétleno v tomto ¢lanku.

(F.1)
with a similar expression for u?(x,). The es-

timated covariance associated with x, and
X, is given by

L OF oG
——Uu’(q)
ERele/xele]
(F.2)
Because only those terms for which

0Floq, # 0 and 0G/oq, # 0 for a given | con-

tribute to the sum, the covariance is zero
if no variable is common to both F and G.

The estimated correlation coefficient r(x,, x,)
associated with the two estimates x, and x,
is determined from u(x,, x,) [equation (F.2)]
and equation (14) in 5.2.2, with u(x,) cal-
culated from equation (F.1) and u(x,) from

asimilar expression. [See also equation (H.9)
in H.2.3]. It is also possible for the estimated
covariance associated with two input esti-
mates to have both a statistical component
[see equation (17) in 5.2.3] and a compo-
nent arising as discussed in this subclause.
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PRIKLADY

1

Etalonovy rezistor R_je pouZivan ve stejném mé-
feni k uréeni proudu /i teploty t. Hodnota prou-
du je urcena digitalnim voltmetrem mérenim po-
tencialniho rozdilu na svorkach etalonu; teplota
je uréena mérenim pres odporovy mustek a eta-
lon, odpor R(t) kalibrovaného teplotné odporo-
vého cidla, jehoz vztah teplota-odpor v rozsahu

15°C<t<30°Cje t=aR’(t)-t,, kde a a t jsou
znamé konstanty. Tedy proud je uréeny ze vztahu

I = V/R_a teplota ze vztahu t = af*(t)R: -t,, kde
B(t) je pomér R (t)/R_méFeny mustkem.

JelikoZ pouze veli¢ina R_je spole¢na pro vyrazy
I a t, rovnice (F.2) poskytuje kovariance / a t

ol ot

%
ullt) = — U (R)=| -
U0=2% ¢ ® [RZ

s s s

(Pro zjednoduseni zapisu v tomto pfikladu jsou
pouzita stejna oznaceni pro vstupni veli¢inu i jeji
odhad.)

Ciselnd hodnota kovariance je ziskdna na-
hrazenim ciselnych hodnot mérenych velicin
I'a t a hodnot R, a u(R,) ziskanych z kalibra¢niho
certifikatu etalonu resistoru, v tomto vyrazu. Jed-
notka u(l, t) je jasné A-°C, jelikoz rozmér relativ-
niho rozptylu [u(RJ/R]? je jedna (to je takzvana
,bezrozmérna” veli¢ina).

Déle se predpoklada, Ze veli¢ina P je souvztazna
ke vstupnim veli¢inam / a t pomoci P = C (T, + 1),
kde C, a T jsou znamé konstanty majici zanedba-
telné nejistoty [u*(C)) = 0, uX(T,) = 0]. Rovnice (13)
v 5.2.2 tedy poskytuje pro rozptyl P vyjadreni po-
moci rozptylG / a t a jejich kovariance

u2(P) _ , ut(l)

][Zaﬂz(t)RsJuz(Rs) =-

4 u(/Z,t) N
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EXAMPLES
1 A standard resistor R is used in the same measure-
ment to determine both a current / and a tempera-
ture t. The current is determined by measuring,
with a digital voltmeter, the potential difference
across the terminals of the standard; the tem-
perature is determined by measuring, with a resis-
tance bridge and the standard, the resistance R(f)
of a calibrated resistive temperature sensor whose
temperature-resistance relation in the range 15 °C
< t<30°Cis t=aR(t)-t

». Where a and t are

known constants. Thus the current is determined
through the relation / = V|/R, and the temperature
through the relation t =ap*(t)R2 -t,, where f(t)
is the measured ratio R(t)/R, provided by the
bridge.

Since only the quantity R, is common to the ex-

pression for I and t, equation (F.2) yields for the co-
variance of /and t

2
t+t,
2
S

u*(R))

(For simplicity of notation, in this example the same
symbol is used for both the input quantity and its
estimate)

To obtain the numerical value of the covariance,
one substitutes into this expression the numeri-
cal values of the measured quantities / and t. and
the values, of R, and u(R,) given in the standard
resistor’s calibration certificate. The unit of u(/, t)
is clearly A-°C since the dimension of the relative
variance. [u(R))/ R]* is one (that is, the latter is

a so-called dimensionless quantity).

Further, let a quantity P be related to the input
quantities / and t by P = C P/T + t), where C, and
T, are known constants with negligible uncertain-
ties [u*(C) = 0, u(T)) ~ 0]. Equation (13) in 5:2.2
then yields for the variance of P in terms of the
variances of / and t and their covariance

u?(t)

p2 /2

Rozptyly u*(l) a uA(t) jsou ziskany pomoci rovnice (10)

v 5.1.2 aplikaci vztaht | = V/R a t=af*(t)R: -t,.
Vysledky jsou

Ty +1) (T, +t)2

The variances u*(/) and u(t) are obtained by the ap-
plication of equation (10) of 5.1.2 to the relations

I=VJR, and t = af*(t)R - t, . The results are

u2(1)/ 12 = u*(Vg)I V& + u*(Rs) 1 R;

(8= 4(t+ )2 0P (B)] B% + Mt + 1)) P (Rs) | RS
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kde se pro zjednoduseni predpokladd, Ze nejisto-
ty konstant t a a jsou také zanedbatelné. Tyto
vyrazy mohou byt jednoduse vyhodnoceny, je-
likoz u*(V,) a u*(f) mohou byt ur¢ené z opako-
vanych odectl voltmetru a z odporového mustku.
Samozrfejmé, jakékoliv vlastni nejistoty samotného
pfistroje a pouzitého postupu méreni musi byt
také brany v Gvahu pfi uréeni u*(V,) a u*(f).

2 V prikladu poznamky 1 v 5.2.2, je kalibrace viech
rezistord znazornéna pomoci R, = aR,, pficemz
u(a), standardni nejistota mérfeného podilu «,
je ziskana z opakovanych pozorovani. Jestlize
se dale predpoklada, Ze o, ~ 1 pro kazdy rezistor
a u(a) je v podstaté stejna pro kazdou kalibraci
a tedy u(a) = u(a). Potom rovnice (F.1) a (F.2) po-

skytuji U(R) = REu*(a) + U*(R) a u(R, R) = U3(R).
To, pres rovnici (14) v 5.2.2, nutné vede k zavéru,
Ze korelac¢ni koeficient jakychkoliv dvou rezisto-
ra (i #J) je

r(R.,R)=r, =11+

Pokud u(R)/R,= 107, a kdyz je u(a) = 100 x 10,
plati = 0,5; pro u(a) = 10 x 10 plati r= 0,990; a pro
u(@) = 1x10° plati r;= 1,000. Pak u(a) — 0, r,— 1
a u(R) — u(R)).

POZNAMKA

Obecné, pfi porovnatelnych kalibracich jako v tom-
to prikladu, odhadnuté hodnoty kalibrovanych
poloZek jsou korelovany a to se stupném korelace
zavislym na pomeéru nejistoty porovndvané polozky
k nejistoté referencniho etalonu. Kdyz nejistota po-
rovnavané polozky je zanedbatelnd ve srovnani s ne-
jistotou etalonu, jak se casto v praxi stdva, korela¢ni
koeficienty se rovnaji +1 a nejistota kazdé kalibrova-
né polozky je stejna jako nejistota etalonu.
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where for simplicity it is assumed that the uncer-
tainties of the constants t; and a are also negli-
gible. These expressions can be readily evaluated
since u*(V,) and u*() may be determined, respec-
tively, from the repeated readings of the volt-
meter and of the resistance bridge. Of course,
any uncertainties inherent in the instruments
themselves and in the measurement’ procedures
employed must also be taken into account when
uX(V,) and u*(p) are determined.

2 In the example of note 1 to 5.2.2, let the
calibration of each resistor be represented
by R = aR, with u(a) the standard uncer-
tainty of the measured ratio o, as obtained
from repeated observations. Further, let
a, =~ 1 for each resistor, and let u(a) be essentially
the same for each calibration so that u(a) = u(a).

Then equations (F.1) and (F.2) yield u(R) = Riu*(a)
+ U*(Ry) and u(R, R].) = U*(R,). This implies through
equation (14) in 5.2.2 that the correlation coef-
ficient of any two resistors (i # ) is

ue) Tl
u(R,) /R,

Since u(R)/R,= 107, If u(a) = 10 x 10, ry = 0,5;
if u(e)=10x 107, r,= 0,990; and if u(a) = 1 x 1075,
rl./.z1,000. Thus as u(a) — 0, r,— 1and u(R) — u(R)

NOTE

In general, in comparison calibrations such as this ex-
ample, the estimated values of the calibrated items
are correlated, with the degree of correlation depend-
ing upon the ratio of the uncertainty of the com-
parison to the uncertainty of the reference standard.
When, as often occurs in practice, the uncertainty of
the comparison is negligible with respect to the un-
certainty of the standard, the correlation coefficients
are equal to + 1 and the uncertainty of each cali-
brated item is the same as that of the standard.
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F.1.2.4 Nutnostuvadénikovariance u(x, xl)
je mozné vyclenit, jestlize pavodni mnozina
vstupnich veli¢in X, X, ..., X, na kterych
je méfena velic¢ina Y zavisla [viz rovnice (1)
v 4.1], je definovana takovym zplsobem, Ze
zahrnuje dodatecné nezavislé vstupni veli-
¢iny; tyto veli¢iny Q, jsou spolecné pro dvé
nebo vice pavodnich veli¢in X. (Provadéni
dodate¢ného méreni mlze byt dullezité
pro uUplné nastoleni vztahu mezi Q,a ovliv-
nénymi X.) Nicméné, v nékterych situacich,
je dovoleno jako mnohem vhodnéjsi udrzet
kovariance nez zvysit pocet vstupnich veli-
¢in. Podobny postup mUze byt aplikovan na
pozorované kovariance soucasné opakova-
nych pozorovani [viz rovnice (17) v 5.2.3],
ale identifikace vhodné dodatecné vstupni
veli¢iny je ¢asto provadénad jen ad hoc a ne-
fyzikalné.

PRIKLAD

Jestlize, v pfikladu 1 v F.1.2.3, jsou vyrazy pro / a t za-
hrnuté pomoci R do vyrazu pro P, pak vysledek je
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F.1.2.4 The need to introduce the covari-
ance u(x, xj) can be bypassed if the origi-
nal set of input quantities X,, X, ..., X,
upon which the measurand Y depends [see
equation (1) in 4.1] is redefined in such
a way as to include as additional indepen-
dent input quantities those quantities Q,
that are common to two or more of the
original X. (It may be necessary to perform
additional measurements to establish fully
the relationship between Q, and the af-
fected X.) Nonetheless, in some situations
it may be more convenient to retain covari-
ances rather than to increase the number
of input quantities. A similar process can
be carried out on the observed covarianc-
es of simultaneous repeated observations
[see equation (17) in 5.2.3], but the identi-
fication of the appropriate additional input
quantities is often ad hoc and nonphysical
EXAMPLE

If, in example 1 of F.1.2.3, the expressions for / and

t in terms of R, are introduced into the expression
for P, the result is

GV

T RAT, + afA(OR: - t,]

a korelaci mezi I a t se vyhne na uUkor nahrazeni
vstupnich veli¢in / a t veli¢cinami V,, R a f. Jelikoz tyto
veli¢iny jsou nekorelované, rozptyl P muize byt ziskan
pomoci rovnice (10) v 5.1.2.

and the correlation between / and t is avoided at the
expense of replacing the input quantities / and t with
the quantities V,, R, and f. Since these quantities
are uncorrelated, the variance of P can be obtained
from equation (10) in 5.1.2.
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F.2 Slozky hodnocené jinymi zpusoby:
vyhodnoceni standardni nejistoty
zplisobem B

F.2.1 Potreba hodnoceni zpisobem B

Pokud by laboratof méreni méla neomeze-
ny cas a prostredky, tak by mohla provadét
vyCerpavajici statisticky prizkum pro témér
vsechny pfipadné pficiny nejistoty, napfiklad
pouzivanim r0zné vyrabénych a rdznych
druhl pfistrojd, rdznych metod meéreni,
raznych aplikaci metody, rlznych aproxi-
maci ve vlastnich teoretickych modelech
méreni. Nejistoty spojené se viemi témito
pricinami by mohly byt vyhodnocené po-
moci statistické analyzy fad pozorovani
a nejistota kazdé pfriciny by mohla byt cha-
rakterizovana pomoci statisticky vyhodno-
cené smérodatné odchylky. Jinymi slovy,
vsechny slozky nejistoty by mohly byt zis-
kdny z hodnoceni zplsobem A. Jelikoz ta-
kovy pruzkum neni prakticky hospodarny,
mnoho sloZek nejistoty musi byt hodnoceno
jakymkoliv jinym praktickym zptsobem.

F2.2 Matematicky uréené rozdéleni

F.2.2.1 RozliSovaci schopnost digitalni

indikace

Jeden ze zdroju nejistoty digitalnich pfistro-
ju je rozlisovaci schopnost jejich indikacni
jednotky. Napriklad ani tehdy, kdyz opako-
vané indikace byly vSechny identické, nejis-
tota méreni prisuzovand opakovatelnosti
by nemusela byt nulovd, protoze existuje
rozsah vstupnich signalt do pfistroje pre-
klenujici znamy interval, ktery by mohl dat
stejnou indikaci. Jestli rozliSovaci schopnost
indika¢ni jednotky je 8x, hodnota podnétu,
ktery vyvola danou indikaci X mlze lezet
v intervalu X — 8x/2 az X + 6x/2 se stejnou
pravdépodobnosti. Tento rys mUze byt po-
psan pravouhlym rozdélenim pravdépodob-
nosti (viz 4.3.7 a 4.4.5) se Sitkou 6x a rozpty-
lem u? = (6x)¥12 znamenajici standardni
nejistotu u = 0,29 dx.
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F2 Componentsevaluatedbyothermeans:
Type B evaluation of standard uncer-
tainty

F.2.1 The need for Type B evaluations

If a measurement laboratory had limitless
time and resources, it could conduct an ex-
haustive statistical investigation of every
conceivable cause of uncertainty, for ex-
ample, by using many different makes and
kinds of instruments, different methods of
measurement, different applications of the
method, and different approximations in
its theoretical models of the measurement.
The uncertainties associated with all of
these causes could then be evaluated by the
statistical analysis of series of observations
and the uncertainty of each cause would
be characterized by a statistically evaluated
standard deviation. In other words, all of the
uncertainty components would be obtained
from Type A evaluations. Since such an in-
vestigation is not an economic practicality,
many uncertainty components must be eval-
uated by whateverother means is practical.

F.2.2 Mathematically determined
distributions

F.2.2.1 The resolution of a digital
indication

One source of uncertainty of a digital in-
strument is the resolution of its indicating
device. For example, even if the repeated
indications were all identical, the uncer-
tainty of the measurement attributable to re-
peatability would not be zero, for there is
a range of input signals to the instrument
spanning a known interval that would give
the same indication. If the resolution of
the indicating device is 5x, the value of the
stimulus that produces a given indication X
can lie with equal probability anywhere in
the interval X — 8x/2 to X + dx/2. The stimu-
lus is thus described by a rectangular prob-
ability distribution (see 4.3.7 and 4.4.5) of
width 8x with variance u? = (8x)%/12, imply-
ing a standard uncertainty of u = 0,29 &x
for any indication.
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Tedy vdha s indika¢ni jednotkou, pro kte-
rou je nejmensi vyznamnou ¢islici 1g, ma
rozptyl zpUsobeny rozliSovaci schopnosti
jednotky u?= (1/12) g astandardni nejistotu

u= (‘I/\/ﬁ)g =0,29 g.

F.2.2.2 Hystereze

Urcité druhy hystereze mohou zpusobit
podobny druh nejistoty. Indikace pfistroje
se muUze lisit o fixni a zndmou hodnotu po-
dle toho, jestli po sobé jdouci ¢tené hod-
noty se zvétSuji nebo se zmensuji. Zkuseny
operator si povsimne sméru zmény po sobé
nasledujicich ¢teni a provede vhodnou ko-
rekci. Oviem smér vlivu hystereze neni vzdy
pozorovatelny, nebot muze byt skryta osci-
lace uvnitf pristroje kolem bodu rovnovahy
tak, ze indikace zavisi na sméru, ze kterého
je tento bod konecné priblizovany. Jestlize
rozsah moznych ¢teni z dlvodu této pri-
¢iny je 8x, pak rozptyl je opét u?= (8x)/12

Vv

zi je u = 0,29 dx.

F.2.2.3 Omezena presnost aritmetiky

Zaokrouhleni nebo odseknuti cislic vzni-
kajici pfi automatické redukci dat pomoci
pocitaCe mUze také byt zdrojem nejistoty.
Uvazuje se, napfriklad, pocitac s 16bitovou
délkou slov. Jestlize je v prubéhu vypoctd,
Cislo majici délku slova 16 bitd odecitano
od jiného, které je odliSné pouze v 16-tém
bitu, pak pouze jeden vyznamny bit zusta-
va. Takové jevy mohou nastat pfi vypoctu
algoritmu, které maji ,Spatné nastavené
podminky” a mohou byt obtizné predvida-
telné. Empirické urceni nejistoty mUze byt
ziskano zvétSovanim pro vypocty nejdule-
Zitéjsi vstupni veliciny (Casto existuje jedna,
kterd je umérna k velikosti vystupni veli-
¢iny) malymi prirastky, dokud se vystupni
velicina nezméni. Nejmensi zména vystup-
ni veli¢iny, ktera mdze byt ziskana tako-
vymi zpusoby, muze byt vzata jako mira
nejistoty; jestlize je to dx, pak rozptyl je
u?=(6x)?/12 a u = 0,29 &x.
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Thus a weighing instrument with an
indicating device whose smallest sig-
nificant digit is 1 g has a variance
due to the resolution of the device of
u?=(1/12) g?> and a standard uncertainty of

u=(1/412)g=0,29 g.
F.2.2.2 Hysteresis

Certain kinds of hysteresis can cause a si-
milar kind of uncertainty. The indication
of an instrument may differ by a fixed and
known amount according to whether suc-
cessive readings are rising or falling. The
prudent operator takes note of the direc-
tion of successive readings and makes the
appropriate correction. But the direction
of the hysteresis is not always observable:
there may be hidden oscillations within
the instrument about an equilibrium point
so that the indication depends on the di-
rection from which that point is finally ap-
proached. If the range of possible readings
from that cause is 6x, the variance is again
u? = (8x)?/12, and the standard uncertainty
due to hysteresis is u = 0,29 6x.

F.2.2.3 Finite-precision arithmetic

The rounding or truncation of numbers
arising in automated data reduction by
computer can also be a source of uncer-
tainty. Consider, for example, a computer
with a word length of 16 bits. If, in the
course of computation, a number having
this word length is subtracted from an-
other from which it differs only in the 16th
bit, only one significant bit remains. Such
events can occur in the evaluation of “ill-
conditioned” algorithms, and they can be
difficult to predict. One may obtain an em-
pirical determination of the uncertainty by
increasing the most important input quan-
tity to the calculation (there is frequently
one that is proportional to the magnitude
of the output quantity) by small incre-
ments until the output quantity changes;
the smallest change in the output quantity
that can be obtained by such means may
be taken as a measure of the uncertainty;
if it is 8x, the variance is u? = (8x)%/12 and
u=0,29 6x
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POZNAMKA

Hodnoceni nejistoty maze byt zkontrolovéano po-
rovnanim vysledk( vypoctd provadénych na pocitadi
s omezenou délkou slova s vysledky stejnych vypocta
provadénych na pocitaci s podstatné vétsi délkou
slova.

F.2.3 Vnesené vstupni hodnoty

F.2.3.1 Vnesena hodnota vstupni veliCiny je
ta, ktera nebyla odhadnuta v pribéhu da-
ného méreni, ale byla ziskana nékde jinde
jako vysledek nezavislého hodnoceni. Casto
je takova vnesena hodnota doprovazena
urCitym druhem sdéleni o jeji nejistoté.
Napfriklad, nejistota mlze byt dana jako
smérodatnd odchylka, nasobek smérodat-
né odchylky nebo polovi¢ni Sitka intervalu,
ktery ma stanovenou konfidencni uroven.
Alternativné mohou byt dany horni a spod-
ni meze nebo nemusi byt poskytnuta vibec
Zzadna informace o nejistoté. V poslednim
pfipadé ti, ktefi pouzivaji tuto hodnotu,
musi vyuzivat své znalosti ohledné prav-
dépodobné velikosti nejistoty na zakladé
druhu veliciny, davéryhodnosti zdroje, ne-
jistot, které byly v praxi ziskané pro takové
veliciny, atd.

POZNAMKA

Vyklad nejistoty cizi vstupni veli¢iny je zahrnut do
tohoto ¢lanku vzhledem ke vhodnosti vyhodnoceni
standardni nejistoty zplsobem B. Nejistota takové
veli¢ciny maze byt slozend ze slozek ziskanych z hod-
noceni zplsobem A nebo slozek ziskanych z hodno-
ceni obou zpUsobu vyhodnoceni A i B. Jelikoz neni
dulezité rozlisovat mezi slozkami hodnocenymi po-
moci dvou odlisnych metod, aby se vypocitala kom-
binovana standardni nejistota, neni dUlezité znat
skladbu nejistoty cizi veliciny.
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NOTE

One may check the uncertainty evaluation by com-
paring the result of the computation carried out on
the limited word-length m achine with the result
of the same computation carried out on a machine
with a significantly larger word length.

F.2.3 Imported input values

F.2.3.1 An imported value for an input
quantity is one that has not been estimated
in the course of a given measurement but
has been obtained elsewhere as the result
of am independent evaluation. Frequently
such an imported value is accompanied by
some kind of statement about its uncer-
tainty. For example, the uncertainty may
be given as a standard deviation, a mul-
tiple of a standard deviation, or the half-
width of an interval having a stated level of
confidence. Alternatively, upper and lower
bounds may be given, or no information
may be provided about the uncertainty.
In the latter case those who use the value
must employ their own knowledge about
the likely magnitude of the uncertainty,
given the nature of the quantity, the reli-
ability of the source, the uncertainties ob-
tained in practice for such quantities, etc.
NOTE

The discussion of the uncertainty of imported input
quantities is included in this subclause on Type B evalu-
ation of standard uncertainty for convenience: the
uncertainty of such a quantity could be composed
of components obtained from Type A evaluations
or components obtained from both Type A and Type
B evaluations. Since it is unnecessary to distinguish
between components evaluated by the two different
methods in order to calculate a combined standard

uncertainty, it is unnecessary to know the composi-
tion of the uncertainty of an imported quantity.
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F.2.3.2 Nékteré kalibrac¢ni laboratore pfi-
jaly praxi vyjadfovani ,nejistoty” ve tvaru
hornich a dolnich mezi, které urcuji inter-
val s ,minimalni” konfiden¢ni Urovni, na-
priklad, ,alespori” 95 %. Na to je dovoleno
pohlizet jako priklad toho, co se nazyva
témér jistou” nejistotou (viz E.1.2) a to ne-
muze byt prevedeno na standardni nejisto-
tu bez znalosti, jak byla vypoctena. Pokud
je uvedena dostate¢na informace, potom
je dovoleno ji znovu vyhodnotit v souladu
s pravidly tohoto pokynu; jinak musi byt ne-
z4avislé urceni nejistoty provedeno jakymi-
koli dostupnymi prostredky.

F.2.3.3 Nékteré nejistoty jsou jednoduse
vyjadreny jako maximalni meze, uvnitr kte-
rych by mély vsechny hodnoty mérené ve-
liciny lezet. Obecnd praxe predpoklada, ze
vsechny hodnoty lezici mezi témito meze-
mi maji stejnou pravdépodobnost (pravo-
Uhlé rozdéleni pravdépodobnosti). Takové
rozdéleni nema byt predpokladano, jestli
je dlvod ocekavat, Zze hodnoty uvnitf, ale
blize k mezim, jsou méné pravdépodob-
né nez ty, které lezi blize ke stfedu téchto
mezi. Pravouhlé rozdéleni s polovi¢ni Sir-
kou a ma rozptyl a%3; normalni rozdéle-
ni, pro které a je polovi¢ni Sifka intervalu
s konfidencni urovni 99,73 %, ma rozptyl
a%9. Je dovoleno opatrné pfijmout kom-
promis mezi témito hodnotami, napriklad,
predpokladanim trojuhelnikového roz-
déleni, pro které rozptyl je a%/6 (viz 4.3.9
a4.4.6).
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F.2.3.2 Some calibration laboratorieshave
adopted the practice of expressing “uncer-
tainty” in the form of upper and lower lim-
its that define an interval having a “mini-
mum” level of confidence, for example, “at
least” 95 percent. This may be viewed as an
example of a so-called “safe” uncertainty
(see E. 1.2), and it cannot be converted to
a standard uncertainty without a knowl-
edge of how it was calculated. If sufficient
information is given it may be recalculated
in accordance with the rules of this Guide;
otherwise an independent assessment of
the uncertainty must be made by whatever
means are available.

F.2.3.3 Some uncertainties are given sim-
ply as maximum bounds within which all
values of the quantity are said to lie. It is
a common practice to assume that all val-
ues within those bounds are equally prob-
able (a rectangular probability distribution),
but such a distribution should not be as-
sumed if there is reason to expect that val-
ues within but close to the bounds are less
likely than those nearer the centre of the
bounds. A rectangular distribution of half-
width a has a variance of a%3; a normal
distribution for which a is the half-width
of an interval having a level of confidence
of 99,73 percent has a variance of a%/9. It
may be prudent to adopt a compromise
between those values, for example, by as-
suming a triangular distribution for which
the variance is a%/6 (see 4.3.9 and 4.4.6).
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F.2.4 Mérené vstupni hodnoty

F.2.4.1 Jediné pozorovani, kalibrované
pristroje

Jestlize vstupni odhad byl ziskany z jediného
pozorovani, a to urcitym pfristrojem, ktery
byl kalibrovan vuci etalonu, ktery ma ma-
lou nejistotu, nejistota odhadu je hlavné
z opakovatelnosti. Rozptyl opakovanych
méreni pomoci pfistroje je dovoleno zis-
kat pri drivéjsi prilezitosti, neni nutné, aby
byla presné stejna hodnota odectu, ale do-
statecné blizka, aby byla pouzitelnd a je
dovoleno predpokladat, ze rozptyl je po-
uzitelny na predmétnou vstupni hodnotu.
Jestlize takova informace neni dostupna,
tak odhad musi byt provedeny na zakladé
povahy méficiho zafizeni nebo pfistroje,
na zakladé zndmych rozptyll jinych kon-
strukéné podobnych pfistrojd, atd.

F.2.4.2 Jediné pozorovani, ovéfené
pristroje

Ne vSechny méfici pristroje jsou opatfeny
kalibra¢nim certifikatem nebo kalibra¢ni
kFfivkou. Avsak mnoho pfistroju je konstru-
ovano v souladu s pfislusnou normou a vy-
zkouseno, bud' vyrobcem nebo nezavislou
autoritou, aby vyhovélo témto normam.
Norma obvykle obsahuje metrologické po-
Zadavky, casto ve tvaru ,nejvétsi pfipustné
chyby”, které maji byt u pfistroje dodrzeny.
Splnéni téchto pozadavku se stanovi po-
rovnanim s referenénim pfistrojem, jehoz
maximalni povolena nejistota je obvykle
stanovena v této normé. Tato nejistota je
tedy sloZka nejistoty ovéreného pfistroje.
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F.2.4 Measured input values

F.2.4.1 Single observation, calibrated
instruments

If an input estimate has been obtained
from a single observation with a particu-
lar instrument that has been calibrated
against a standard of small uncertainty, the
uncertainty of the estimate is mainly one
of repeatability. The variance of repeated
measurements by the instrument ‘may
have been obtained on an earlier occa-
sion, not necessarily at precisely the same
value of the reading but near enough to
be useful, and it may be possible to assume
the variance to be applicable to the input
value in question. If no such information is
available, an estimate must be made based
on the nature of the measuring apparatus
or instrument, the known variances of oth-
er instruments of similar construction, etc.

F.2.4.2 Single observation, verified
instruments

Not all measuring instruments are accom-
panied by a calibration certificate or a cali-
bration curve. Most instruments, however,
are constructed to a written standard and
verified, either by the manufacturer or by
an independent authority, to conform to
that standard. Usually the standard con-
tains metrological requirements, often in
the form of “maximum permissible errors,”
to which the instrument is required to con-
form. The compliance of the instrument with
these requirements is determined by com-
parison with a reference instrument whose
maximum allowed uncertainty is usually
specified in the standard. This uncertainty
is then a component of the uncertainty of
the verified instrument.
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Pokud neni nic znamo o charakteristické
chybové kfivce ovéreného pfistroje, tak je
nutno predpokladat, Ze existuje stejna prav-
dépodobnost, Zze chyba muze mit jakouko-
liv hodnotu lezici mezi povolenymi limity,
coz je pravouhlé rozdéleni pravdépodob-
nosti. Nékteré typy pfistrojd vsak maji
charakteristické krivky, takze chyby jsou
napriklad pravdépodobné kladné v jedné
¢asti rozsahu méreni a zaporné v dalsich
Castech. Nékdy tyto informace mohou byt
nalezeny v pfislusné technické normé.

F.2.4.3 Sledované veliciny

Méreni jsou Casto provadéna pfi sledova-
nych referencnich podminkach, o kterych
se predpoklada, Ze zlstanou konstantni
v prubéhu doby provadéni rfady méreni.
Napfriklad, méfeni je dovoleno provadét na
vzorcich v aktivni olejové lazni, jejiz teplo-
ta je kontrolovana termostatem. Teplotu
lazné je dovoleno méfit pfi kazdém mé-
feni vzorku, ale jestlize teplota 1azné koli-
sd, tak okamzita teplota vzorku nemusi byt
stejnd, jako teplota ukazovana termostatem
v lazni. Hodnoceni vykyvu teploty vzorku
na zakladé teorie prenosu teploty a jejiho
rozptylu jsou mimo rdmec tohoto pokynu,
ale musi zacinat od znamého nebo pred-
pokladaného teplotniho cyklu 1azné. Tento
cyklus muze byt pozorovan pomoci citlivé-
ho termoc¢lanku a nahrdvaciho zafizeni pro
zdznam teploty. Ale neni-li to mozné, da se
vyvodit aproximace ze znalosti povahy sle-
dovani.
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If nothing is known about the character-
istic error curve of the verified instrument
it must be assumed that there is an equal
probability that the error has any value
within the permitted limits, that is, a rect-
angular probability distribution. However,
certain types of instruments have charac-
teristic curves such that the errors are, for
example, likely always to be positive in
part of the measuring range and negative
in other parts. Sometimes such informa-
tion can be deduced from a study of the
written standard.

F.2.4.3 Controlled quantities

Measurements are frequently made un-
der controlled reference conditions that
are assumed to remain constant during the
course of a series of measurements. For ex-
ample, measurements may be performed
on specimens in a stirred oil bath whose
temperature is controlled by a thermostat.
The temperature of the bath may be mea-
sured at the time of each measurement on
a specimen, but if the temperature of the
bath is cycling, the instantaneous tempera-
ture of the specimen may not be the tem-
perature indicated by the thermometer in
the bath. The calculation of the tempera-
ture fluctuations of the specimen based on
heat-transfer theory, and of their variance,
is beyond the scope of this Guide, but it
must start from a known or assumed tem-
perature cycle for the bath. That cycle may
be observed by a fine thermocouple and
a temperature recorder, but failing that, an
approximation of it may be deduced from
a knowledge of the nature of the controls.
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F.2.4.4 Asymetricka rozdéleni moznych
hodnot

Jsou pfipady, kdy vSechny mozné hodnoty
veli¢iny lezi na jedné strané jediné mezni
hodnoty. Napfriklad, pfi méreni fixni ver-
tikalni vysky h (méfena velic¢ina) sloupce
kapaliny manometru, se osa jednotky pro
méreni vysky muze odchylovat od vertikal-
ni polohy a to malym uhlem g. Vzdalenost
| uréena pristrojem bude vzdy vétsi nez h;
z4dné hodnoty mensi nez h nejsou mozné.
To proto, Ze h je rovno primétu /cos B, na-
znacujicimu, ze | = h/cos f a viechny hodnoty
cos B jsou mensi nez 1; zadné hodnoty vét-
$i nez 1 nejsou mozné. To, co je nazyvano
Jkosinovd chyba”, muze také nastat tako-
vym zpUsobem, Ze primét h'cos S pro mé-
fené veli¢iny h' je rovno pozorované vzdale-
nosti /, tj. | = h'cos f a pozorovand vzdale-
nost je vzdy mensi nez mérend velicina.

Jestlize je wuvedena nova proménna
0 =1-cos f za pfedpokladu, ze g~ 0 nebo
0 << 1, jak je obvyklé v praxi, pak obé odlis-
né situace jsou:
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F.2.4.4 Asymmetric distributions of
possible values

There are occasions when all possible val-
ues of a quantity lie to one side of a single
limiting value. For example, when measur-
ing the fixed vertical height h (the measur-
and) of a column of liquid in a manometer,
the axis of the, height-measuring device
may deviate from verticality by a small an-
gle . The distance / determined by the de-
vice will always be larger than h; no values
less than h are possible. This is because h
is equal to the projection /cos S, implying
I = h/cos g and all values of cos g are less
than one; no values greater than one are
possible. This so-called “cosine error” can
also occur in such a way that the projec-
tion h'cos g of a measurand h' is equal to
the observed distance /, that is, / = h’ cos f,
and the observed distance is always less
than the measurand.

If a new variable 0 = 1 — cos g is introduced,
the two different situations are, assuming

B ~0orod<<1asis usually the case in prac-
tice,

h=1(01-35)

(F.3a)

h'=1(1+95)

Tady I_, nejlepsi odhad /, je aritmeticky
prdmeér z n nezavislych opakovanych pozoro-
vani |, pro | s odhadnutym rozptylem ux( 1)
[viz rovnice (3) a (5) v 4.2]. Tedy z rovnic
(F.3a) a (F.3b) vyplyvd, Ze ziskani odhadu
pro h nebo h’ vyzaduje odhad korekéniho
faktoru 9, zatimco ziskani kombinované
standardni nejistoty odhadu h nebo h’ vy-
Zaduje odhad rozptylu u?(9) pro . Presnéji,
pouziti rovnice (10) z 5.1.2 do rovnic (F.3a)

a (F.3b) poskytuje pro u?(h) a u?(h’)(s odpo-
vidajicimi znaménky —, a +)

(F.3b)

Here |, the best estimate of /, is the arith-
metic mean or average of n independent
repeated observations /| of / with estimat-
ed variance u(/) [see equations (3) and
(5) in 4.2]. Thus it follows from equations
(F.3a) and (F.3b) that to obtain an estimate
of h or h’ requires an estimate of the cor-
rection factor J, while to obtain the com-
bined standard uncertainty of the estimate
of h or h’ requires u?(9), the estimated vari-
ance of d. More specifically, application of
equation (10) in 5.1.2 to equations (F.3a)

and (F.3b) yields for u?(h) and u’(h’) (- and
+ signs, respectively)

u? =562 + 12u*(65)

(F.4a)
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=~ u2 (T) + /_ZU2 (5)

K ziskani odhadu ocekavané hodnoty
0 a jejiho rozptylu, se predpoklada, ze
osa zafizeni pouzivaného pro miru vysky
sloupce kapaliny v manometru je ustavena
ve vertikdlni roviné, a Ze rozdéleni hod-
not Uhlu sklonu g od jeji nulové ocekavané
hodnoty je normalni rozdéleni s rozptylem
0. Ackoli g muUze mit jak kladné, tak za-
porné hodnoty, 0 = 1 - cos £ je kladna pro
vsechny hodnoty B. Jestlize se predpokla-
da, Ze vychyleni osy pfistroje neni omeze-
no pouze na jednu rovinu, orientace osy se
muze ménit v prostorovém uhlu, ponévadz
je schopna se vychylit rovnéz v azimutu,
aviak g je vzdy kladny uhel.

V ohrani¢eném nebo jednorozmérném
pripadé element pravdépodobnos-
ti p(p)dp (C.2.5, pozndmka) je uUmérny
k {exp[—,B2 /(20-)2]}d,8; v neohrani-
¢eném nebo dvourozmérném pripadé
element pravdépodobnosti je umérny
{exp[—ﬂ2 /(20)2]}sin,8dﬁ. Funkce husto-
ty pravdépodobnosti p(d) v obou pripadech
jsou vyrazy pozadované k urceni odhadu
stfredni hodnoty ¢ a jejiho rozptylu pro
pouziti v rovnicich (F.3) a (F.4). Mohou byt
snadno ziskany z jejich elementt pravdépo-
dobnosti, protoze se mize predpokladat,
Zze Uhel gje maly a protod =1-cosfasinp
mUze byt rozvinut v fadu, pomoci ¢le-

n nizsich fada p. To poskytujes ~ 5> /2,

sinf~f=25 a dﬁzd&/x/ﬁ. Hustota
pravdépodobnosti je tedy

(F.4b)

To obtain estimates of the expected value
of 6 and the variance of §, assume that
the axis of the device used to measure
the height of the column of liquid in the
manometer is constrained to be fixed in
a vertical plane and that the distribution
of the values of the angle of inclination g
about its expected value of zero is a nérmal
distribution with variance ¢%. Although g
can have both positive and negative values,
0 =1-cos S is positive for all values of 4. If
the misalignment of the axis of the device
is assumed to be unconstrained, the ori-
entation of the axis can vary over a solid
angle since it is capable of misalignment in
azimuth as well, but g is then always a posi-
tive angle.

In the constrained or one-dimensional case,
the probability element p(p)ds (C.2.5, note)
is proportional to {exp[—ﬂ2 /(20)2]} dg;
in the unconstrained or two-dimensional
case, the probability element is proportional
to {exp[—ﬁ2 /(20)2]}sinﬂdﬂ. The prob-
ability density functions p(J) in the two
cases are the expressions required to deter-
mine the expectation and variance of ¢ for
use in equations (F.3) and (F.4). They may
readily be obtained from these probability
elements because the angle f may be as-
sumed small, and hence 6 = 1 — cos g and
sin £ may be expanded to lowest order in j.

This yields 5~ g2/2, sinf~pB=+25, and

dB =d5 /25 . The probability density func-
tions are then

1
p(s) = exp(-5/o?)
LT
N (F.5a)
pro jeden rozmér in one dimension

1 2

p(8) =— exp(-5 / o?)
o (F.5b)
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pro dva rozméry
kde
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in two dimensions
where

j:p(a) do =1

Rovnice (F.5a) a (F.5b), které ukazuji, Ze
nejpravdépodobnéjsi hodnota  korek-
ce 0 v obou pfipadech je nula, coz dava
v jednorozmérném pfipadé E() = %2
a var(d) = ¢*/2 pro stfedni hodnoty a pro
rozptyl J; a v dvourozmérném pfipadé
E(0) = ¢%a var(0) = ¢*. Rovnice (F.3a), (F.3b)
a (F.4b) se stavaji

Equations (F.5a) and (F.5b), which show that
the most probable value of the correction
0 in both cases is zero, give in the one-di-
mensional case E(d) = ¢%/2 and var(d) = ¢*/2
for the expectation and the variance of J;
and in the two-dimensional case E(J) = o2
and var(o) = ¢*. Equations (F.3a), (F.3b), and
(F.4b) become then

h=111-(d/2)u*(B)]

(F.6a)
h =111+ (d / 2)u*(B)]
(F.6b)
uA(h) = U (h") = (1) +(d 1 2)I *u* ()
(F.60)

kde d je pocet rozmérd (d = 1 nebo 2)
a u(p) je standardni nejistota uhlu g, vzata
pro nejlepsi odhad smérodatné odchylky
o predpoklddaného normalniho rozdéleni
a byla odhadnuta pomoci dostupnych infor-
maci souvisejicich s mérenim (hodnoceni
zpusobem B). Toto je priklad pripadu, kde
odhad hodnoty mérené veli¢iny zavisi na
nejistoté vstupni veliciny.

Ackoliv rovnice (F.6a) az (F.6c) jsou urcené
pro normalni rozdéleni, analyza muze byt
provadéna za predpokladu jinych rozdéle-
ni pro S. Napfiklad, jestlize se predpoklada,
Ze  ma symetrické obdélnikové rozdéleni
s horni a doIni mezi +4, a -4, (jednorozmér-

ny pfipad) a pfipadné +5, a 0 (dvourozmér-
ny pfipad), E(©) = B /6 avar() = S /45
v jednorozmérném piipadé a E(0) = B /4a

var(d) = S5 / 48 ve dvourozmérném piipadé.

where d is the dimensionality (d = 1 or 2)
and u(p) is the standard uncertainty of the
angle g, taken to be the best estimate of
the standard deviation o of an assumed nor-
mal distribution and to be evaluated from
all of the information available concerning
the measurement (Type B evaluation). This is
an example of a case where the estimate of
the value of a measurand depends on the
uncertainty of an input quantity.

Although equations (F.6a) to (F.6¢) are spe-
cific to the normal distribution, the analysis
can be carried out assuming other distribu-
tions for p. For example, if one assumes for
S a symmetric rectangular distribution with
upper and lower bounds of +4, and -, in

the one-dimensional case and +§, and zero
in the two-dimensional case, E(0) = 5. /6
and var(d) = B, /45 in one dimension; and

E() = B2 /4and var(d) = B, /48 in two di-
mensions.
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POZNAMKA
To je situace, kde rozvoj funkce Y = f(X,, X,,..., X))

pomoci Taylorovy fady prvého fadu k ziskani ¢2(y),
rovnice (10) v 5.1.2 je neadekvatni z dlvodu nelineari-

ty f: cosfp = cos B (viz poznamka 2 k 5.1.2 a H.2.4).
Ackoliv analyza mUze v zasadé byt provadénd zcela
pomoci ¢lent S, uvadéni proménné ¢ zjednodusuje
tento problém.

Dalsi priklad situace, kde viechny mozné
hodnoty veliCiny leZi na strané jedné mezni
hodnoty, je ureni koncentrace slozky roz-
toku pomouci titrace, kde koncovy bod je vy-
znacen pomoci vypnuti signalu. Mnozstvi
prfidaného cinidla je vzdycky vétsi nez je
nutné k vypnuti signalu; nikdy neni men-
$i. Nadbytecné titrovani za mezni bod je
pozadovanou proménnou veli¢inou pfi
omezeni dat. Postup v téchto (a podobnych)
pfipadech predpokladd vhodné rozdéleni
pravdépodobnosti pro tento nadbytek a je
pouzit k ziskani stfedni hodnoty premiry
a jejiho rozptylu.

PRIKLAD
Jestlize se predpokladd pravouhlé rozdéleni s dolni
mezi 0 a horni mezi C, pro nadbytek z, tak stfedni

hodnota nadbytku je C/2 a pfisludny rozptyl C; /12.
Jestli hustota pravdépodobnosti nadbytku je
prevzata z normdlniho rozdéleni s 0 < z < o, tj.

1
p(z):[a\/gj exp[—z2 /(20’)2} a tedy ocekava-

na hodnota je ov2/n srozptylem ¢2(1-2/xn).
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NOTE
This is a situation where the expansion of the func-
tion Y = f(X,, X,,..., X) in a first order Taylor series

to obtain ¢2(y), equation (10) in 5.1.2, is) inadequate

because of the nonlinearity of f: cosf # cosB (see
note 2 to 5.1.2, and H.2.4). Although the analysis can
be carried out entirely in terms of £, introducing the
variable J simplifies the problem.

Another example of a situation where all
possible values of a quantity lie to one side
of a single limiting value is the determina-
tion by titration of the concentration of
a component in a solution where the end
point is indicated by the triggering of a sig-
nal; the amount of reagent added is always
more than that necessary to trigger the sig-
nal; it is never less. The excess titrated be-
yond the limit point is a required variable
in the data reduction, and the procedure in
this (and in similar) cases is to assume an
appropriate probability distribution for the
excess and to use it to obtain the expected
value of the excess and its variance.
EXAMPLE

If a rectangular distribution of lower bound zero and
upper bound C, is assumed for the excess z, then the
expected value of the excess is C/2 with associated

variance C /12 If the probability density function of
the excess is taken as that of a normal distribution with

-1
0<z<w, thatis, p(z)= [a\/gj exp[—zz /(20—)2} ’

then the expected value is oy2/n with variance
o?(1-2/n).
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F.2.4.5 Nejistota, kde korekce z kalibra¢ni
kfivky nejsou aplikované

Pozndmka k 6.3.1 vysvétluje pfipad, kde
znama korekce b pro vyznamny systema-
ticky vliv neni pouzita pfi zaznamenani
vysledku méreni, ale misto toho je brana
v uvahu rozsifenim vysledku o pfifazenou
Jnejistotu”. Prfikladem je nahrazeni roz-
Sirené nejistoty U vyrazem U + b kde U je
rozsifend nejistota ziskand za predpokla-
du b = 0. Tato praxe je nékdy uplatnéna
v situacich, kde plati viechny nasledujici
podminky: mérend veli¢ina Y je defino-
vana v rozsahu hodnot parametru t, jako
v pripadé kalibracni krivky pro teplotni ci-
dlo; U a b také zavisi na t; a jenom jedina
hodnota ,nejistoty” musi byt uvedena pro
vsechny odhady y(t) mérené veliciny v roz-
sahu moznych hodnot t. Pfi takovych situa-
cich je vysledek méreni ¢asto zaznamenan
jako Y(t) = y(t) = [U__ + b__], kde dolni in-
dex ,max” znaci, ze jsou pouzity maximal-
ni hodnota U a maximalni hodnota znamé
korekce b v rozsahu hodnot t.

Ackoliv tento pokyn doporucuje, aby se
pouzily korekce u vysledkd méreni znamych
vyznamnych systematickych vliv, nemusi to
byt vzdy proveditelné v takovych situacich,
kde by byly vynalozeny nepfijatelné naklady
pfi vypoctu a pouziti jednotlivych korekci a
pfi vypocltu a pouzivani individualni nejis-
toty pro kazdou hodnotu y(t).

Jednoduchy porovnavaci pristup k této
problematice, ktery je v souladu s principy
tohoto pokynu, je tento:

Vypocita se jedina stfedni hodnota korekce
b z

E:

tz _t1

SBORNIKY TECHNICKE HARMONIZACE 2012

F.2.4.5 Uncertainty when corrections
from a calibration curve are not
applied

The note to 6.3.1 discusses the case where

a known correction b for a significant sys-

tematic effect is not applied to the reported

result of a measurement but instead is tak-
en into account by enlarging the “uncer-
tainty” assigned to the result. An example
is replacement of an expanded uncertainty

U with U + b, where U is an expanded un-

certainty obtained under the assumption

b = 0. This practice is sometimes followed

in situations where all of the following con-

ditions apply: the measurand Y is defined
over a range of values of a parameter ¢, as
in the case of a calibration curve for a tem-
perature sensor; U and b also depend on

t; and only a single value of “uncertain-

ty” is to be given for all estimates y(t) of

the measurand over the range of possible
values of t. In such situations the result
of the measurement is often reported as

Y(t) = y(t) £ [U__ + b__]. where the sub-

script “max” indicates that the maximum

value of U and the maximum value of the
known correction b over the range of val-
ues of t are used.

Although this Guide recommends that cor-
rections be applied to measurement results
for known significant systematic effects,
this may not always be feasible in such
a situation because of the unacceptable ex-
pense that would be incurred in calculating
and applying an individual correction, and
in calculating and using an individual un-
certainty, for each value of y(t).

A comparatively simple approach to this
problem that is consistent with the princi-
ples of this Guide is as follows:

Compute a single mean correction b from

[ “ b(t) dt
i (F.7a)
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kde t, a t, stanovuji sledovany rozsah vlivu
parametru t a vezme se nejlepsi odhad Y(t)

jako y'(t) = y(t) + b, kde y(t) je nejlepsi ne-
korigovany odhad Y(t). Rozptyl pfifazeny

ke stfedni hodnoté korekce b pres sledo-
vany rozsah je dan

u?(b) =

tz _t1

ktery nebere v Uvahu nejistotu aktudlniho
urceni korekce b(t). Stredni hodnota roz-
ptylu korekce b(t) z divodu jejiho aktudlni-
ho stanoveni je dana
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where t, and t, define the range of interest
of the parameter t, and take the best esti-
mate of Y(t) to be y'(t) = y(t) + b, where
y(t) is the best uncorrected estimate of Y(t).
The variance associated with the mean cor-

rection b over the range of interest is
given by

jf [b(t) - b] dt

(F.7b)

not taking into account the uncertainty of
the actual determination of the correction
b(t). The mean variance of the correction b(t)
due to its actual determination is given by

Ib(0)] = ﬁ [ vt dt

kde u?[b(t)] je rozptyl korekce b(t). Podob-
né stfedni hodnota rozptylu y(t) vznikajici
ze viech zdrojU nejistoty, vyjma korekce
b(t), je ziskana z

() —
uly®l=-

kde u?[y(t)] je rozptyl y(t), ktery vyplyva ze
vsech zdroju nejistoty kromé korekce b(t).
Jedina hodnota standardni nejistoty, ktera
musi byt pouzita pro vsechny odhady mé-

rené veliciny y'(t) = y(t) + b, je potom klad-
na druhd odmocnina

1
(F.70)
where u?[b(t)] is the variance of the correc-
tion b(t). Similarly, the mean variance of y(t)
arising from all sources of uncertainty other
than the correction b(t) is obtained from

[ wlyon dt

1

(F.7d)

where u?[y(t)] is the variance of y(t) due to
all uncertainty sources other than b(t). The
single value of standard uncertainty to be

used for all estimates y'(t) = y(t) + b of the
measurand Y(t) is then the positive square
root of

u2(y’) = WLy (t)] + u?[b(t)] + u?(b)

Rozsifena nejistota U mUze byt ziskana vy-
nasobenim u (y’) vhodné vybranym koeficien-
tem rozsifeni k, U = ku (y), z néhoZ vyplyva,

ZeY()=y(t)xU=y(t) + b + U. Aviak, po-
uziti stejné pramérné korekce pro vsechny
hodnoty t misto korekce pro kazdou hod-
notu t, musi byt oznameno a jasné sdéle-
no, co U vyjadfuje.

(F.7e)

An expanded uncertainty U may be ob-
tained by multiplying u (y’) by an appropri-
ately chosen coverage factor k, U = ku (y),

yielding Y(f)=y' () = U=y(t) + b +U.However,
the use of the same average correction for
all values of t rather than the correction
appropriate for each value of t must be
recognized and a clear statement given as
to what U represents.
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F.2.5 Nejistota metody méreni

F.2.5.1 Snad nejobtiznéji se vyhodnocu-
je slozka nejistoty, ktera je spojena s me-
todou méreni, zvlasté pak, kdyz pouzitim
této metody bylo ukdzano, Ze poskytuje
vysledky s mensim rozptylem nez ostatni
znamé metody. Ale pravdépodobné exis-
tuji dalsi metody, z nichz nékteré nejsou
doposud znamy nebo jsou néjakym zpuso-
bem nepraktické, které mohou poskytovat
systematicky odlisné vysledky se zjevnou
stejnou platnosti. To zahrnuje apriorni roz-
déleni pravdépodobnosti a ne rozdéleni,
ze kterého vzorky mohou okamzité byt zis-
kdny a statisticky zpracovany. Tedy, i kdyz
je dovolena dominantni nejistota metody,
pouze informace, ktera je ¢asto dostupna pro
hodnoceni jeji standardni nejistoty, je existu-
jici znalost fyzikalniho svéta (viz také E.4.4).

POZNAMKA

Urceni stejné mérené veli¢iny rdznymi metodami
bud ve stejné laboratofi, nebo v rlznych laborato-
fich, nebo stejnou metodou v raznych laboratofich
muze ¢asto poskytnout hodnotnou informaci o ne-
jistoté spojené s urcitou metodou. Obecné, vyména
etalonl nebo referen¢nich materiall mezi laborato-
femi pro nezavisld méreni, je uzite¢nd cesta ke sta-
noveni spolehlivosti hodnoceni nejistoty a k identi-
fikaci dfive nezpozorovanych systematickych vliva.

F.2.6 Nejistota vzorku

F.2.6.1 Mnoha méreni zahrnuji porovnani
neznamého objektu se znamym etalonem,
ktery ma podobné vlastnosti, za ucelem
kalibrace neznamého objektu. Priklady
zahrnuji mezni méfidla, urcité teploméry,
sady mérek, rezistory a vysoce Cisté mate-
rialy. Ve vétsiné téchto pripadu nejsou me-
tody méreni zvlasté citlivé na vybér vzorku,
nebo zpétné ovlivnéné vybérem vzorku (tj.
kalibraci zvlastniho neznamého objektu),
na zpusob zpracovani vzorku nebo na vli-
vy riznych okolnich prostfedi ovliviiujicich
veli¢iny, protoze nezndmy objekt a etalon
odpovidaji obecné stejnym (a ¢asto predvi-
datelnym) zpUsobem na takové promény.

SBORNIKY TECHNICKE HARMONIZACE 2012

F.2.5 Uncertainty of the method of
measurement

F.2.5.1 Perhaps the most difficult uncertainty
component to evaluate is that associated
with the method of measurement, espe-
cially if the application of that method has
been shown to give results with less variabil-
ity than those of any other that is known.
But it is likely that there are other methods,
some of them as yet unknown or in some
way impractical, that would give system-
atically different results of apparently equal
validity. This implies an a priori probability
distribution, not a distribution from which
samples can be readily drawn and treated
statistically. Thus, even though the uncer-
tainty of the method may be the dominant
one, the only information often available
for evaluating its standard uncertainty is
one’s existing knowledge of the physical
world. (See also E.4.4))

NOTE

Determining the same measurand by different
methods, either in the same laboratory or in differ-
ent laboratories, or by the same method in different
laboratories, can often provide valuable information
about the uncertainty attributable to a particular
method. In general, the exchange of measurement
standards or reference materials between laborato-
ries for independent measurement is a useful way of
assessing the reliability of evaluations of uncertainty

and of identifying previously unrecognized system-
atic effects.

F.2.6 Uncertainty of the sample

F.2.6.1 Many measurements involve com-
paring an unknown object with a known
standard having similar characteristics in
order to calibrate the unknown. Examples
include end gauges, certain thermometers,
sets of masses, resistors, and high purity
materials. In most such cases, the measure-
ment methods are not especially sensitive
to, or adversely affected by, sample selec-
tion (that is, the particular unknown be-
ing calibrated), sample treatment, or the
effects of various environmental influence
quantities because the unknown and stan-
dard respond in generally the same (and
often predictable) way to such variables.
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F.2.6.2 Pri nékterych situacich praktické-
ho méreni vzorkovani a zpracovani vzorku
hraje mnohem vétsi roli. To je ¢asto pripad
chemické analyzy pfirodnich material(. Na
rozdil od umélych materialt, které mohou
mit potvrzenou stejnorodost do uUrovné
prekracujici pozadovanou urover pro mé-
feni, pfirodni materidly jsou casto velmi
nesourodé. Tato nesourodost hodnoceni
prvni slozky vyzaduje urceni, jak adekvat-
né predstavuje vybrany vzorek pulvodni
materidl, ktery je predmétem analyzy.
Hodnoceni druhé slozky vyZaduje urceni,
do jaké miry vedlejsi (neanalyzované) prv-
ky ovliviiuji méfeni a jak adekvatné jsou
zpracované metodou méreni.

F.2.6.3 V nékterych pripadech je dovole-
no, aby peclivé napldanovany experiment
umoznil statistické hodnoceni nejistoty
zpUsobené vzorkem (viz H.5 a H.5.3.2).
Pro hodnoceni nejistoty jsou obvykle vy-
Zadovany, kdyz vliv veli¢in, které ovliviuji
okoli, na vzorek je vyznamny, dovednosti
a znalosti analytik odvozené ze zkusenos-
ti a v8ech béZzné dostupnych informaci.
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F.2.6.2 In some practical measurement
situations, sampling and specimen treat-
ment play a much larger role. This is often
the case for the chemical analysis of natu-
ral materials. Unlike man-made materials,
which may have proven homogeneity to
a level beyond that required for the mea-
surement, natural materials are often very
inhomogeneous. This inhomogeneity leads
to two additional uncertainty components.
Evaluation of the first requires determin-
ing how adequately the sample selected
represents the parent material being anal-
ysed. Evaluation of the second requires de-
termining the extent to which the second-
ary (unanalysed) constituents influence the
measurement and how adequately they
are treated by the measurement method.

F.2.6.3 Insome cases careful design of the
experiment may make it possible to eva-
luate statistically the uncertainty due to
the sample (see H.5 and H.5.3.2). Usually,
however, especially when the effects of
environmental influence quantities on
the sample are significant, the skill and
knowledge of the analyst derived from ex-
perience and all of the currently available
information are required for evaluating
the uncertainty.
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Priloha G
Stupné volnosti a konfidencni urovné

G.1 Uvod

G.1.1 Tato priloha se zabyvad obecnou
otazkou, jak ziskat z odhadu y mérené veli-
¢iny Y a z kombinované standardni nejisto-
ty u (y) tohoto odhadu roziifenou nejistotu

U, = ku(y), kterou uruje v intervalu
y-U,syY<y+U, ktery ma pevné stanove-
né pokryti pravdépodobnosti nebo konfi-
dencni Uroven p. Zabyva se tedy tématikou
vybéru hodnoty koeficientu rozsifeni k,
ktery vytvari interval vysledku méreni y ,
o kterém se muze predpokladat, Zze obsa-
huje velky pevné stanoveny podil rozdéle-
ni hodnot p , které by mohly byt didvodné
pfifazeny mérené veliciné Y (viz kapitola 6).

G.1.2 Ve vétsiné situaci praktického mé-
feni vypocet intervalu, ktery ma urcenou
konfidencni uroven - ve skute¢nosti odhad
nejindividualnéjSich slozek nejistoty v ta-
kovych situacich — je v nejlepSim pripadé
jenom pfiblizeni. Stejna vybérova smérodat-
né odchylka stfedni hodnoty z 30 opakova-
nych pozorovani veliciny, ktera je popsana
normalnim rozdélenim ma vlastni sméro-
datnou odchylku kolem 13 % (viz tabulka E.1
v pfiloze E).

Ve vétsiné pfipadl nema zadny vyznam
pokouset se rozliSovat mezi, napriklad,
intervalem, ktery ma konfiden¢ni uroven
95 % (Sance 1 : 20, Zze hodnota mérené ve-
liciny Y lezi mimo interval) a intervalem
s konfiden¢ni urovni bud 94 % nebo 96 %
(1:17 a 1: 25). Ziskani oduvodnitelnych in-
tervalti s konfidencni drovni 99 % (jedna
Sance ze 100) a vyssich je zvlasté tézkeé,
i kdyby se predpokladalo, ze nebyly zZadné sys-
tematické vlivy prehlédnuty, protoze je tak
malo informaci obecné dostupnych o nej-
krajnéjSich castech nebo ,chvostech” roz-
déleni pravdépodobnosti vstupnich velicin.
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Annex G

Degrees of freedom and levels of
confidence

G.1 Introduction

G.1.1 This annex addresses the general
question of obtaining from the estimate
y of the measurand Y, and from the combi-
ned standard uncertainty u (y) of that esti-
mate, an expanded uncertainty U =k u (y)
that defines an interval y - U <Y<y + U,
that has a high, specified coverage proba-
bility or level of confidence p. It thus deals
with the issue of determining the coverage
factor k, that produces an interval about
the measurement result y that may be
expected to encompass a large, specified
fraction p of the distribution of values that
could reasonably be attributed to the mea-
surand Y (see clause 6).

G.1.2 In most practical measurement situ-
ations, the calculation of intervals having
specified levels of confidence — indeed, the
estimation of most individual uncertainty
components in such situations — is at best
only approximate. Even the experimental
standard deviation of the mean of as many
as 30 repeated observations of a quantity
described by a normal distribution has it-
self an uncertainty of about 13 percent
(see table E.1 in annex E).

In most cases it does not make sense to try
to distinguish between, for example, an in-
terval having a level of confidence of 95
percent (one chance in 20 that the value of
the measurand Y lies outside the interval)
and either a 94 percent or 96 percent in-
terval (1 chance in 17 and 25, respectively).
Obtaining justifiable intervals with levels of
confidence of 99 percent (1 chance in 100)
and higher is especially difficult, even if it
is assumed that no systematic effects have
been overlooked, because so little informa-
tion is generally available about the most ex-
treme portions or “tails” of the probability
distributions of the input quantities.
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G.1.3 Ziskani hodnoty koeficientu rozsi-
Feni k, ktery poskytuje interval s pevné sta-
novenou konfiden¢ni urovni p, vyZzaduje po-
drobnou znalost rozdéleni pravdépodob-
nosti, které je charakterizovano vysledkem
méreni a jeho kombinovanou standardni
nejistotou. Napriklad, pro veli¢inu z popsa-
nou normdlnim rozdélenim s ocekdvanou
hodnotou u, a smérodatnou odchylkou g,
muZze byt okamzité vypocitana hodnota k ,
ktera poskytuje interval x4, + k 6 obsahujici
podil p rozdéleni a ma tedy pravdépodob-
nost pokryti nebo konfiden¢ni uroven p.
Nékolik prikladu je uvedeno v tabulce G.1
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G.1.3 To obtain the value of the coverage
factor k_that produces an interval corre-
. P e .
sponding to a specified level of confidence
p requires detailed knowledge of the prob-
ability distribution characterized by the
measurement result and its combined stan-
dard uncertainty. For example, for a quan-
tity z described by a normal. distribution
with expectation u_and standard deviation
o the value of k, that produces an interval
u, = kpé that encompasses the fraction p of
the distribution, and thus has a coverage
probability or level of confidence p, can
be readily calculated. Some examples are

given in table G.1.

Tabulka G.1 - Hodnota koeficientu rozsireni k , ktera za predpokladu normalniho rozdé-
leni poskytuje interval s konfiden¢ni urovni p za predpokladu normalniho

rozdéleni

Table G.1 - Value of the coverage factor k_that produces an interval having level of confi-
dence p assuming a normal distribution

konfidencni uroven p (%)

Level of confidence p (percent)

koeficient rozsifeni kp

Covarage factor k

68,27 1
90 1,645
95 1,960
95,45 2
99 2,576
99,73 3

POZNAMKA
Pro porovnani, zda z je popsdna pravouhlym rozdéle-
nim majicim stfedni hodnotu u, a smérodatnou odchylku

o= a/\/g, kde a je polovi¢ni sitka rozdéleni, konfidenc-
ni uroven p je 57,74 % pro kp =1, 95 % pro kp =1,65;

99 % pro kp = 1,71, a 100 % pro kp > \/5: 1,73.
Pravouhlé rozdéleni je ,uzsi” nez normalni rozdéleni
a to ve smyslu, Ze je stanoveno v kone¢ném interva-
lu a neméd ,,chvosty” typické pro rozdéleni stanovend
v konecnych intervalech.

NOTE
By contrast, if z is described by a rectangular probability
distribution with expectation x, and standard deviation

o= a/\/g, where a is the half-width of the distri-
bution, the level of confidence p is 57,74 percent for
kp = 1; 95 percent for kp = 1,65; 99 percentfor kp.: 1,71;

and 100 percent for kp > \/g =~ 1,73. The rectangular

distribution is “narrower” than the normal distribu-
tion in the sense that it is of finite extent and has no
"tails".
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G.1.4 Jestlize rozdéleni pravdépodobnos-
ti vstupnich veli¢in X,, X,, ... , X,, na kte-
rych méfena veli¢ina Y zavisi, jsou znamé
[jejich stfedni hodnoty, rozptyly a mo-
menty vyssiho fadu (viz C.2.13 a C.2.22),
pokud se nejednda o normalni rozdéleni]
a jestlize Y je linearni funkci vstupnich ve-
licin Y = ¢ X + X, + ... + C X, pak rozdé-
leni pravdépodobnosti Y mlze byt ziskano
pomoci konvoluce jednotlivych rozdéleni
pravdépodobnosti [10]. Hodnoty kp, kte-
ré poskytuji intervaly odpovidajici uréené
konfiden¢ni urovni p, mohou tedy byt vy-
pocitdny z vysledného rozdéleni vzniklého
konvoluci.

G.1.5 Jestlize funk¢ni vztah mezi Y a jejimi
vstupnimi veli¢cinami je nelinearni a vztah
¢lend prvniho fadu rozvoje Taylorovy fady
neni prijatelnou aproximaci (viz 5.1.2
a 5.1.5), potom nemuze byt rozdéleni prav-
dépodobnosti veli¢iny Y ziskano konvoluci
rozdéleni vstupnich velicin. V takovych pfipa-
dech jsou vyZzadovany jiné analytické a nu-
merické metody.

G.1.6 V praxi jsou takové konvoluce zfid-
kakdy nebo nejsou vabec uskutecnény, kdyz
intervaly s urcitymi konfiden¢nimi drovémi
jsou potfebné pfri vypoctu, protoze parame-
try charakterizujici rozdéleni pravdépodob-
nosti vstupnich velicin jsou obvykle odhady,
jelikoz je nerealistické ocekavat, ze konfi-
dencni uroven prislusna urcitému intervalu
muUze byt znama s néjakou vétsi presnosti
a z ddvodu slozitosti konvoluce rozdéleni
pravdépodobnosti veli¢iny. Namisto toho
jsou pouzity aproximace, které vyuzivaji vy-
hody centralni limitni véty.
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G.1.4 If the probability distributions of
the input quantities X, X, ... , X, upon

which the measurand Y depends are known
[their expectations, variances, and higher
moments (see C.2.13 anti C.2.22) if the distri-
butions are not normal distributions], and if
Yis a linear function of the input quantities,
Y=cX +X,+ ...+ C, X, then the prob-
ability distribution of Y may be obtained
by convolving the individual probability dis-
tributions [10]. Values of k  that produce in-
tervals corresponding to specified levels of
confidence p may then be calculated from
the resulting convolved distribution.

G.1.5 If the functional relationship be-
tween Y and its input quantities is nonlin-
ear and a first-order Taylor series expansion
of the relationship is not an acceptable ap-
proximation (see 5.1.2 and 5.1.5), then the
probability distribution of Y cannot be ob-
tained by convolving the distributions of
the input quantities. In such cases, other
analytical or numerical methods are re-
quired.

G.1.6 In practice, because the parameters
characterizing the probability distributions
of input quantities are usually estimates,
because it is unrealistic to expect that the
level of confidence to be associated with
a given interval can be known with a great
deal of exactness, and because of the com-
plexity of convolving probability distribu-
tions, such convolutions are rarely, if ever,
implemented when intervals having speci-
fied levels of confidence need to be cal-
culated. Instead, approximations are used
that take advantage of the Central Limit
Theorem.
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G.2 Centalni limitni véta
G.2.1 Jestli

Y=c X, + X, + ..+ X,= ZN X,

=11
a viechny X sleduji normalni rozdéleni,
pak vysledné rozdéleni vzniklé konvoluci
Y bude také normdlni. Pokud by vsak rozdé-
leni X.nebyla normalni, rozdéleni Y je dovo-
leno kdykoli aproximovat normalnim roz-
délenim, z divodu pouziti centalni limitni
véty. Tato véta tvrdi, Ze rozdéleni Y bude
priblizné normalni se stfedni hodnotou

E(Y) = ZLC,E(X,.) a rozptylem o°(Y) =

:11C,-202(X,-), kde E(X) je stfedni hodnota
X ac?®(X,) je rozptyl veli¢iny X, jestlize X,

jsou navzajem nezavislé a o*(Y) je mno-
hem vétsi, nez kterakoliv jednotlivad slozka

c,.zcrz(X,.) z nenormalniho rozdéleni X..

G.2.2 Centralni limitni véta je vyznamna,
protoze ukazuje velmi dulezitou roli, kte-
rou hraji rozptyly rozdéleni pravdépodob-
nosti vstupnich veli¢in v porovnani s roli, kte-
rou hraji momenty rozdéleni vyssiho rfadu
pfi uréeni tvaru vysledného rozdéleni vznik-
Iého konvoluci Y. Navic naznacuje, ze roz-
déleni vzniklé konvoluci konverguje k nor-
malnimu rozdéleni pfi zvyseni poctu vstup-
nich veli¢in pfispivajicich k o*(Y); ¢im hod-
noty c’o°(X;) budou blize k sobé, tim rych-
lejsi bude konvergence (tyto hodnoty jsou
v praxi ekvivalentni ke kazdému vstupnimu
odhadu x. pfispivajicimu porovnatelné nejis-
toté k nejistoté odhadu y mérené veliciny Y);
a ¢im rozdéleni pro X, jsou blizsi normalnimu
rozdéleni, tim je potfeba mensiho poctu
proménnych X, pro dosaZeni normalniho
rozdéleni pro Y.
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G.2 Central Limit Theorem
G.2.1 |If

Y= X, + 6+ e+ Xy = D X

and all the X are characterized by normal dis-
tributions, then the resulting convolved dis-
tribution of Y will also be normal. However,
even if the distributions of the X are not
normal, the distribution of Y may often be
approximated by a normal distribution be-
cause of the Central Limit Theorem. This
theorem states that the distribution of Y will
be approximately normal with expectation

E(Y) = 2:11C,.E(Xi) and variance

oY) = chaz(X,), where E(X) is the
expectation of X and o’ (X;) is the variance

of X, if the X. are independent and a*(Y)
is much larger than any single component

c;o’(X;) from a non-normally distributed X.

G.2.2 The Central Limit Theorem is signif-
icant because it shows the very important
role played by the variances of the prob-
ability distributions of the input quantities,
compared with that played by the higher
moments of the distributions, in determin-
ing the form of the resulting convolved dis-
tribution of Y. Further, it implies that the
convolved distribution converges towards
the normal distribution as the number of

input quantities contributing to &*(Y) in-
creases; that the convergence will be more

rapid the closer the values of c’c*(X,) are
to each other (equivalent in practice to
each input estimate x, contributing a com-
parable uncertainty to the uncertainty of
the estimate y of the measurand Y); and
that the closer the distributions of the X are
to being normal, the fewer X are required
to yield a normal distribution for Y.
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PRIKLAD

Pravouhlé rozdéleni (viz 4.3.7 a 4.4.5) je extrémni pfi-
klad nenormalniho rozdéleni, ale konvoluce malého
poctu jako jsou tfi takova rozdéleni se stejnou Sirkou,
je pfiblizné normdlni. Jestlize polovi¢ni Sitka kazdé-
ho ze tfi pravouhlych rozdéleni je a tak, Zze rozptyl
kazdého je a%3, rozptyl konvolu¢niho rozdéleni je
o2 =&%. 95 procentni a 99 procentni intervaly konvo-
lu¢niho rozdéleni jsou uréeny pomoci 1,937¢ a 2,3790,
zatimco odpovidajici intervaly pro normalni rozdéle-
ni se stejnou smérodatnou odchylkou ¢ jsou urceny
pomoci 1,9600 a 2,576¢ (viz tabulka G.1) [10].

POZNAMKY

1 Pro kazdy interval s konfiden¢ni urovni p vétsi nez
91,7 %, je hodnota k_pro normalni rozdéleni vétsi
nez odpovidajici hodnota pro rozdéleni vznikajici
z konvoluce jakéhokoliv po¢tu a rozsahu obdélni-
kovych rozdéleni.

2 Z centrdIni limitni véty plyne, Ze rozdéleni pravdépo-
dobnosti aritmetického praméru g z n pozoro-
vani g, nahodné veliciny g, majici stfedni hodnotu
U, a vyslednou smérodatnou odchylku o, konvergu-
je k normalnimu rozdéleni se stfedni hodnotou

a smérodatnou odchylkou o/ Jn, pro n — w, coz by
mohlo byt rozdéleni pravdépodobnosti g.

G.2.3 Prakticky dlsledek centralni limitni
véty je, ze kdyz mUze byt konstatovano, ze
jeji pozadavky jsou pfiblizné splnény, zejmé-
na jestlize kombinovana standardni nejistota
u (y) neni ovladana slozkou standardni ne-
jistoty ziskanou z vyhodnoceni zplsobem A,
zalozeného pouze na nékolika pozorova-
nich, nebo slozkou standardni nejistoty zis-
kané z vyhodnoceni zptisobem B zaloZzeném
na predpokladaném pravouhlém rozdéleni,
rozumna prvni aproximace pro vypocet
rozsifené nejistoty U, = k u (y), ktera posky-
tuje interval s konfiden¢ni Urovni p je pou-
zit pro k, hodnotu z normalniho rozdéleni.
Hodnoty nejcastéji pouzité pro tento ucel
jsou uvedeny v tabulce G.1.
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EXAMPLE

The rectangular distribution (see 4.3.7 and 4.4.5) is
an extreme example of a non-normal distribution,
but the convolution of even as few as three such dis-
tributions of equal width is approximately normal. If
the half-width of each of the three rectangular dis-
tributions is a so that the variance of each is a%/3, the

variance of the convolved distribution is o2 = &°.
The 95 percent and 99 percent intervals of the con-
volved distribution are defined by 1,937¢ and 2,379,
respectively, while the corresponding intervals for a nor-
mal distribution with the same standard deviation ¢ are
defined by 1,9600 and 2,5760 (see table G.1) [10].

NOTES

1 For every interval with a level of confidence
p greater than about 91,7 percent, the value of
k, for a normal distribution is larger than the cor-
responding value for the distribution resulting
from the convolution of any number and size of
rectangular distributions.

2 It follows from the Central Limit Theorem that
the probability distribution of the arithmetic
mean g of n observations g, of a random vari-
able g with expectation 4, and finite standard
deviation ¢ approaches a normal distribution
with mean y_ and standard deviation oln as
n — o, whatever may be the probability distribu-
tion of gq.

G.2.3 A practical consequence of the

Central Limit Theorem is that when it

can be established that its requirements

are approximately met, in particular, if
the combined standard uncertainty u(y) is
not dominated by a standard uncertainty
component obtained from a Type A evalu-
ation based on just a few observations, or
by a standard uncertainty component ob-
tained from a Type B evaluation based on
an assumed rectangular distribution, a rea-
sonable first approximation to calculating
an expanded uncertainty U, = k u (y) that
provides an interval with level of confi-
dence p is to use for k a value from the
normal distribution. The values most com-
monly used for this purpose are given in
table G.1.
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G.3 t-rozdéleni a stupné volnosti

G.3.1 K ziskani lepsi aproximace nez pou-
hym pouzitim hodnoty k z normalniho roz-
déleni jako v G.2.3, je nutno pfipustit, ze
vypocet intervalu, ktery ma urcenou kon-
fiden¢ni Uroven nevyZaduje rozdéleni ve-
liciny [Y — E(Y)]/ a(Y), ale rozdéleni veli¢iny
(y—Y)lu (y). To je proto, ze v praxi je dostupné
pouze y, odhad Y je ziskany z y = z:\;c,x,.,
kde x je odhad X; a kombinovany rozptyl
prislusny y, dale u’(y) vyhodnocend podle
ui(y) =
nejistota (odhadnuta smérodatna odchyl-
ka) odhadu x.

L c’u’(x;), kde u(x) je standardni

POZNAMKA

Pfesné feceno, ve vyrazu (y - Y)/u (y) se ma Y chéapat
jako E(Y). Pro zjednoduseni bylo takové rozliseni prove-
deno pouze na nékolika malo mistech v tomto poky-
nu.V zasadé stejnd znacka byla pouzita pro fyzikalni
veli¢inu, ndhodnou veli¢inu, ktera vyjadfuje veli¢inu,
a pro stfedni hodnotu této nahodné veliciny (viz po-
znamka, 4.1.1).

G.3.2 Jestlize z je normalné rozdélena na-
hodna veli¢ina s olekavanou hodnotou u,
a smérodatnou odchylkou ¢ a Z je aritme-
ticky prdmér n nezavislych pozorovani z,
pro z, pficemz s(z ) je vybérova smérodatna
odchylka z [viz rovnice (3) a (5) v 4.2], po-
tom rozdéleni veli¢iny t=(z-y,)/s(z) je
t-rozdéleni nebo Studentovo rozdéleni
(C.3.8) s v=n - 1 stupni volnosti.

Proto, jestlize je mérena veli¢ina Y jedno-
duse jedinou veli¢inou X majici normalni roz-
déleni, tj Y = X; a kdyz X je odhadnuta po-
moci aritmetického praméru X pro n neza-
vislych pozorovani X proménné X s vybéro-
vou smérodatnou odchylkou s( X ), tak nej-
lepsi odhad Y je y= X avybérova smérodat-
na odchylka tohoto odhadu je u (y) = s(X).
Tedy t = (Z—,)/s(Z) = (X-X)/s(X)=
(y =Y)/u.Uy) rozdéleno podle t-rozdéleni, s
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G.3 The t-distribution and degrees of
freedom

G.3.1 To obtain a better approximation
than simply using a value of k, from the
normal distribution as in G.2.3, it must be
recognized that the calculation of an inter-
val having a specified level of confidence re-
quires, not the distribution of the variable
[Y-E]/ o(Y), but the distribution of the
variable (y - Y)/u (y). This is because in prac-

tice, all thatis usually available are y, the es-
timate of Y as obtained from y = ZLC,-X,-,
where x, is the estimate of X; and the com-
bined variance associated with y, uf(y),
N 2 2

L Gu (x;),
where u(x) is the standard uncertainty (esti-

evaluated from u’(y) =

mated standard deviation) of the estimate x..

NOTE

Strictly speaking, in the expression (y - Y)/u(y),
Y should read E(Y). For simplicity, such a distinction
has only been made in a few places in this Guide.
In general, the same symbol has been used for the
physical quantity, the random variable that repre-
sents that quantity, and the expectation of that vari-
able (see 4.1.1, notes).

G.3.2 If z is a normally distributed ran-
dom variable with expectation u_and stan-
dard deviation ¢, and Zz is the arithmetic
mean of n independent observations z, of
z with s(Z) the experimental standard de-
viation of z [see equations (3) and (5) in
4.2], then the distribution of the variable
t=(z-p,)/s(z) is the t-distribution or
Student’s distribution (C.3.8) withv=n -1
degrees of freedom.

Consequently, if the measurand Y is sim-
ply a single normally distributed quan-
tity X, Y= X; and if X is estimated by the

arithmetic mean X of n independent re-
peated observations X, of X, with experi-
mental standard deviation of the mean

s(X), then the best estimate of Yisy = X
and the experimental standard devia-

tion of that estimate is u(y) = s(X).
Then t = (Z—-u,)/s(Z) = (X -X)/s(X) =
(y-Y)/uUy) is distributed according to
the t-distribution with
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Pr [—tp(v) <t< tp(v)]= p

nebo

Pri-t(M=y-N/ul<tMl=p

coz lze psat jako

Priy-t0u()<Y<y+tMupl=p

V téchto vyrazech Pr[ ] znamend ,pravdé-
podobnost pfislusného jevu” a t-faktor ¢ (v)
je hodnota t pro danou hodnotu parametru
v — stupné volnosti (viz G.3.3) - tak, ze po-
dil p pro t-rozdéleni je obsazen v intervalu
—tp(v) az +tp(v). Tedy rozsifena nejistota

U, = ku ) = t0u )

uruje interval y - U aZy + U vhodnéji psa-
no jako Y=y + U _, od kterého lze o¢ekdvat,
Ze pokryje podil p rozdéleni hodnot, které
by mohly byt didvodné prifazeny k Y, a p je
pravdépodobnost pokryti nebo konfidenc-
ni uroven intervalu.

G.3.3 Stupné volnosti v se rovnaji n — 1 pro
jednotlivou veli¢inu odhadnutou pomoci
aritmetického priiméru n nezavislych pozo-
rovani (jako v G.3.2). Jestlize n nezavislych
pozorovani je pouzito ke stanoveni sklonu
a usecky primky metodou nejmensich ¢tver-
cl, je v =n — 2 pocet stupnu volnosti jejich
standardnich nejistot. Pro metodu nej-
mensich ¢tvercl pripravenou z m parame-
trd pro n bodl dat, pocet stupriti volnosti
standardni nejistoty kazdého parametru je
v =n -m. (Viz citace [15] pokud jde o dalsi
informace k poctu stupnd volnosti).
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(G.1a)
or

(G.1b)
which can be rewritten as

(G.10)

In these expressions, Pr[] means “probabili-
ty of” and the t-factor ¢ ,(v) is the value of
t for a given value of the parameter v - the
degrees of freedom (see G. 3.3) — such that
the fraction p of the t distribution is en-
compassed by the interval -t (v) to +t (v).
Thus the expanded uncertainty

(G.1d)

defines an interval y - U to y + U, conve-
niently written as Y = y + U, that may be
expected to encompass a fraction p of the
distribution of values that could reason-
ably be attributed to Y, and p is the cov-
erage probability or level of confidence of
the interval.

G.3.3 The degrees of freedom n is equal
to n -1 for a single quantity estimated by
the arithmetic mean of n independent ob-
servations, as in G.3.2. If n independent ob-
servations are used to determine both the
slope and intercept of a straight line by the
method of least squares, the degrees of
freedom of their respective standard uncer-
tainties is v =n — 2. For a least-squares fit of
m parameters to n data points, the degrees
of freedom of the standard uncertainty of
each parameter is v = n — m. (See reference
[15] for a further discussion of degrees of
freedom.)
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G.3.4 Vybrané hodnoty tp(v) pro ruz-
né hodnoty v a p jsou dané v tabulce G.2
na konci této pfilohy. Pokud se v - «, bli-
Zi se t-rozdéleni k normalnimu rozdéleni
a tp(v) ~(1+ 2/v)'/2kp, kde kpv tomto vyrazu je
koeficient rozsifeni vyzadovany k ziskani in-
tervalu s konfiden¢ni Urovni p pro normalni
rozdéleni. Tedy hodnota tp(oo) v tabulce G.2
pro dané p je rovna hodnoté kp v tabulce
G.1 pro stejné p.

POZNAMKA

Casto je t-rozdéleni tabelizovano v kvanti-
lech; tj. jsou dany hodnotami kvantilu t, , kde
1 — a oznacuje souhrnnou pravdépodobnost a vztah
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G.3.4 Selected values of t (v) for different
values of v and various values of p are giv-
en in table G.2 at the end of this annex. As
v - o the t-distribution approaches the nor-
mal distribution and tp(v) ~ (1 + 2/v)1/1kp,
where in this expression k , is the cover-
age factor required to obtain an interval
with level of confidence p for a normally
distributed variable. Thus the value of tp(oo)
in table G.2 for a given p equals the value
of k, in table G.1 for the same p.

NOTE
Often, the t-distribution is tabulated in quantiles;
that is, values of the quantile t, __are given, where
1 — o denotes the cumulative probability and the re-
lation

1-a=[""f(t,v) dt

urcuje kvantil, kde f je funkce hustoty pravdépodob-
nosti t. Tedy t_at,_ se vztahujik p = 1-20. Napfiklad
hodnota kvantilu t, ., pro kterou 1 - a = 0,975
a a = 0,025, je stejna jako t_ (v) pro p = 0,95.

G.4 Efektivni stupné volnosti

G.4.1 Obecng, t-rozdéleni nebude popiso-
vat rozdéleni nahodné veliciny (y - Y) /u (y),

jestlize u?(y) je soucet dvou nebo vice slo-

zek odhadu rozptylu u’(y)=c’u*(x;) (viz
5.1.3), i kdyZ kazda x je odhad vstupni ve-
liciny X.s normalnim rozdélenim. Avsak,
rozdéleni této proménné je dovoleno apro-
ximovat pomoci t-rozdéleni s efektivnimi
stupni volnosti v_. ziskanymi z takzvaného
Welch-Satterthwaitova vzorce [16, 17, 18]:

defines the quantile, where f is the probability densi-
ty function of t. Thus t and t,_ arerelated by p=1-2a.

For example, the value of the quantile t, ., for which

1-a=0,975 and « = 0,025, is the same as t (v) for
p = 0,95.

G.4 Effective degrees of freedom

G.4.1 In general, the t-distribution will
not describe the distribution of the variable

v - YVu(y) if u’(y) is the sum of two or

more estimated variance u’(y)=c’u’(x,)
(see 5.1.3), even if each x; is the estimate
of a normally distributed input quantity X.
However, the distribution of that variable
may be approximated by a t-distribution
with an effective degrees of freedom v_.
obtained from the Welch-Satterthwaite
formula [16, 17, 18]

Ve

Lﬂwzi#W)

i=1 Vi

I

(G.2a)
nebo or
ul(y)
eff _im
i1 Vi
(G.2b)
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kde ui(y) =Y ui(y) (viz 5.1.3). Rozi-
fena nejistota U = kuly) = t (v uly)
tedy poskytuje interval Y=y + U_s pfiblizné
konfidencni urovni p.

POZNAMKY

1 Jestlize hodnota v_ ziskana z rovnice (G.2b) neni
celé dislo, coz bude v praxi obvyklé, odpovidajici
hodnota t, miZze byt vybrana z tabulky G.2 pomo-
ci interpolace nebo zaokrouhlenim v_. na nejblizsi
mensi celé cislo.

2 Jestli vstupni odhad x, je samostatné ziskany ze
dvou nebo vice jinych odhadd, tak hodnota v, pou-

7ita s vyrazem uf(y)= [c2u*(x,)] ve jmenovateli rov-

nice (G.2b), je efektivni stupen volnosti vypocitany
z vyrazu ekvivalentniho rovnici (G.2b).

3 V souvislosti s pozadavky potencidlnich uzivatelt
vysledku méreni, je také dovoleno jako uzitecné
vypocitat a zaznamenat, kromé v_., hodnoty v,
a v, vypocitané z rovnice (G.2b), zpracovavajici
oddélené standardni nejistoty ziskané z vyhodno-
ceni zplGsobem A a zpUsobem B. Jestize prispévky k

U2(y) standardni nejistoty jsou samostatné oznace-

néu’ (y) a ui(y) razné veliciny jsou navzajem spojeny

u2
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with

N
Vet < Zv,
i=1

(G.10)

N

where u’(y) = Zl_:1u,2(y) (see 5.1.3). The ex-

panded uncertainty Up = kpuc(y) = tp(veﬁ) uy)

then provides an interval Y = y + U_having

an approximate level of confidence p.

NOTES

1 If the value of v_, obtained from equation (G.2b)
is not an integer, which will usually be the case
in practice, the corresponding value of t, may be

found from table G.2 by interpolation or by trun-
cating v, to the next lower integer.

2 If an input estimate x, is itself obtained from two or
more other estimates, then the value of v, to be used

v

(¥) = [?d’(x,)} in the denominator of equation
(G.2b) is the effective degrees of freedom calcu-
lated from an expression equivalent to equation

(G.2Db).

3 Depending upon the needs of the potential users
of a measurement result, it may be useful, in ad-
dition to v, to calculate and report also values
for v, and v_. computed from equation (G.2b)

treating separately the standard uncertainties ob-
tained from Type A and Type B evaluations. If the

contributions to u?(y) of the Type A and Type B
standard uncertainties alone are denoted, re-

spectively, by v’ (y) and u’(y) the various quan-
tities are related by

2(y) = Ul (y)+ui(y)

U (y) _ Uaay) , Us(y)

Vett

PRIKLAD

Uvazuje se, ze Y = f(X,, X,, X,) = bX XX, a odhady x,,
X,, Xy vstupnich veli¢in X, X,, X; majici normalni roz-
déleni, jsou aritmetické praméry pro n, = 10, n, = 5,
a eventuelné& n, = 15 opakovanych nezavislych po-
zorovani s relativnimi standardnimi nejistotami
u(x,)/x, = 0,25 %, ulx,)/x, = 0,57 % a u(x,)/x, = 0,82 %.
V tomto pfipadé ¢, = 0f/0X; = YIX, (by byla vyhodno-
cena u x,, X,, X; — viz 5.1.3, poznamka 1), [u (y)/y]?

2
=3 [u(x)/x] =(1,03 %)? (viz poznémka 2 k 5.1.6)
a rovnice (G.2b) bude

Vetts

EXAMPLE

Consider that Y = f(X,, X,, X,) = bX X,X, and that
the estimates x,, x,, x, of the normally distributed
input quantities X, X,, X, are the arithmetic means of n,
=10, n,=5, and n, = 15 independent repeated observa-
tions, respectively, with relative standard uncertain-
ties u(x,)/x, = 0,25 percent, u(x,)/x, = 0,57 percent,
and u(x,)/x, = 0,82 percent. In this case ¢, = 0f/0X, = Y/
X. (to be evaluated at x,, x,, x, — see 5.1.3, note 1),

2
luWlyl?= Zi:l[”(xi)/xi] = (1,03 percent)? (see note
2 to 5.1.6), and equation (G.2b) becomes
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luy)/yl*

ef-f:3

2

i=1

Tedy

1,03*

lu(x,)/ x,1*

Vi

Thus

=19,0

Vet =0, 25% 057" 0,82

10-1
Podle tabulky G.2 hodnota ¢ pro p =95 % av =19 je
t,.(19)=2,09; tedy relativni rozifena nejistota pro tuto
konfiden¢ni uroveri je U, =2,09x(1,03 %)=2,2 %.Potom
jedovolenostanovit, ze Y=y x U, = y(1 £ 0,022) (y musi
byt urcena z y = bx.x,x,) neboli 0,978y < Y < 1,022y
a konfiden¢ni uroven prislusna k tomuto intervalu je
pfiblizné 95 %.

G.4.2 V praxi u (y) zavisi na standardni ne-
jistoté u(x) odhadu vstupnich velicin, maji-
cich jak normalni, tak nenormalni rozdéleni
a u(x) jsou ziskany jak z rozdéleni zaloZe-
ného na cetnosti, tak apriorniho rozdéleni
pravdépodobnosti (tj. z hodnoceni obou
zpusobl vyhodnoceni A i B). Obdobné sta-
noveni plati i pro odhad y a vstupni odhady
x, na kterych je y zavisla. Nicméné rozdéle-
ni pravdépodobnosti funkce t = (y — Y)/u (y)
muze byt aproximovano pomoci t-rozdéle-
ni, jestlize je pouzit rozvoj Taylorovy rady
kolem stfedni hodnoty. V podstaté to je to,
co je dosazeno pfi aproximaci nejnizsiho
radu pomoci Welch-Satterthwaitova vzorce,
rovnice (G.2a) nebo rovnice (G.2b).

Otazka vznika v souvislosti se stupni volnosti
pfifazenych ke standardni nejistoté ziskané
hodnocenim zpusobem B pfi vypoltu v .
z rovnice (G.2b). Zatimco vhodna definice
poctu stupnd volnosti uznava, ze v tak, jak
se objevi v t-rozdéleni, je mira nejistoty roz-

ptylu s*(Z), rovnici (E.7) v E.4.3 je dovoleno
pouzit k urceni stupfiti volnosti v,

5-1

15-1

The value of ¢ for p = 95 percent and v = 19 is, from
table G.2, t,(19) = 2,09; hence the relative ex-
panded uncertainty for this level of confidence is
U,; = 2,09 x (1,03 percent) = 2,2 percent. It may then be
stated that Y=y = U, = y(l + 0,022) (y to be deter-
mined from y = bx,x,x,), or that 0,978y < Y < 1,022y,
and that the level of confidence to be associated
with the interval is approximately 95 percent.

G.4.2 In practice, u(y) depends on standard
uncertainties u(x) of input estimates of both

normally and non-normally distributed in-
put quantities, and the u(x) are obtained

from both frequency-based and a priori
probability distributions (that is, from both
Type A and Type B evaluations). A similar
statement applies to the estimate y and
input estimates x, upon which y depends.
Nevertheless, the probability distribution
of the function t = (y - Y)/u (y) can be ap-
proximated by the t-distribution if it is ex-
panded in a Taylor series about its expec-
tation. In essence, this is what is achieved,
in the lowest order approximation, by
the Welch-Satterthwaite formula, equation
(G.2a) or equation (G.2b).

The question arises as to the degrees of
freedom to assign to a standard uncertainty
obtained from a Type B evaluation when v _.
is calculated from equation (G.2b). Since
the appropriate definition of degrees of
freedom recognizes that v as it appears in the
t-distribution is a measure of the uncertain-

ty of the variance s’(Z), equation (E.7) in
E.4.3 may be used to define the degrees of
freedom v,

(G.3)
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Veli¢ina uvnitf velkych zavorek je relativni
nejistota u(x); pro hodnoceni standardni
nejistoty zplsobem B je to subjektivni veli-
¢ina, jejiz hodnota je ziskana védeckym po-
souzenim zaloZzenym na zasobé dostupnych
informaci.

PRIKLAD

Uvaha, Ze znalost, jak odhad vstupni hodnoty x, byl
stanoven a jak jeho standardni nejistota u(x) byla
hodnocena, vede k posouzeni, Zze hodnota u(x) je
spolehlivd zhruba z 25 %. To je dovoleno brat tak,
Ze relativni nejistota Au(x)/u(x) = 0,25 a tedy z rov-
nice (G.3) v, = (0,25)%/2 = 8. Jestlize hodnoceni u(x)
je povaZovano za spolehlivé pouze z 50 %, tak v, = 2.
(Viz také tabulka E.1 v pfiloze E).

G.4.3 Ve vysvétleni hodnoceni standard-
ni nejistoty zpusobem B z apriorniho roz-
déleni pravdépodobnosti v 4.3 a 4.4 se
implicitné pfedpoklada, Zze hodnota u(x)
vznikajici z takového hodnoceni je pres-
né znama. Napfiklad, kdyZ u(x) je ziskana
z obdélnikového rozdéleni pravdépodob-
nosti s predpoklddanou polovicni Sifkou

a=(a,—a)l2jakov4.3.7a4.4.5 u(x)=a/\/3
je znazornénd jako konstanta bez nejis-
toty, protoZe a, a a_ a tedy a jsou tak-
téz znazornény (ale viz 4.3.9, pozndm-
ka 2). Prestoze z rovnice (G.3) vyplyva, Ze
v, — o nebo 1/v. — 0, nezpusobuje to Zadné
potize pfi hodnoceni rovnice (G.2b). Navic,
pfedpoklad, Ze v, — « neni nutné nerea-
listicky; je béZnou praxi, Ze se voli a_a a,
takovym zpusobem, aby pravdépodobnost,
Ze veliCina lezi mimo interval od a_do a,,
byla mimoradné mala.

G.5 Dalsi uvahy

G.5.1 V literatufe o nejistoté méreni se na-
chazi ¢asto pouzivany vyraz k ziskani nejisto-
ty, ktery ma poskytnout interval s konfidenc¢-
ni urovni 95 %:
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The quantity in large brackets is the relative
uncertainty of u(x); for a Type B evaluation
of standard uncertainty it is a subjective
quantity whose value is obtained by scien-
tific judgement based on the pool of avail-
able information.

EXAMPLE

Consider that one’s knowledge of how input esti-
mate x; was determined and how its standard uncer-
tainty u(x) was evaluated leads one to judge that
the value of u(x) is reliable to about 25 percent. This
may be taken to mean that the relative uncertainty
is Au(x)/u(x) = 0,25, and thus from equation (G.3),
v,=(0,25)%2 = 8. If instead one had judged the value
of u(x) to be reliable to only about 50 percent, then
v,= 2. (See also table E.1 in annex E.)

G.4.3 In the discussion in 4.3 and 4.4
of Type B evaluation of standard uncer-
tainty from an a priori probability dis-
tribution, it was implicitly assumed that
the value of u(x) resulting from such an
evaluation is exactly known. For example,
when u(x) is obtained from a rectangular
probability distribution of assumed half-
width a = (a, — a)/2 as in 4.3.7 and 4.4.5,

u(x) = a//3 is viewed as a constant with no
uncertainty because a, and a_and thus a, are
so viewed (but see 4.3.9, note 2). This im-
plies through equation (0.3) that v, — « or
1/v,— 0, but it causes no difficulty in evaluat-
ing equation (G.2b). Further, assuming that
v,— oo is not necessarily unrealistic; it is com-
mon practice to choose a_and a_ in such
a way that the probability of the quantity
in question lying outside the interval a_to
a, is extremely small.

G.5 Other considerations

G.5.1 An expression found in the litera-
ture on measurement uncertainty and of-
ten used to obtain an uncertainty that
is intended to provide an interval with
a 95 percent level of confidence may be
written as

Ugs = [t3s (vege)s® +3u°]™

(G.4)
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Zde t, (V') pochazi z t-rozdéleni pro v/,
stupné volnosti a p = 95 %; V', je efek-
tivni stupen volnosti vypocitany z Welch-
Satterthwaitova vzorce [rovnice (G.2b)],
kdyz se berou v uvahu pouze ty slozky
standardni nejistoty s, které jsou statistic-
ky vyhodnocené z opakovanych pozorovani

2.2,
iSi

a v’ =) ui(y)=Y.c;(a’ /3) potom plati pro
vSechny ostatni slozky nejistoty, kde +a; a —a,
jsou predpokladané presné znamé horni
a dolni meze X; vztazené k jejimu nejlepsi-
mu odhadu X; (tj. X;—a < Xj <X + a/.).

aktudlniho méreni; s* = Zc ¢, =0f /0x;;

POZNAMKA

Slozka, zaloZzena na opakovanych pozorovanich, mimo
ramec stavajiciho méreni, je osetfena stejnym zpuso-
bem jako kazda jind slozka zahrnutd v u? Z divodu
toho, aby vyznamna porovnani byla provadéna mezi
rovnici (G.4) a rovnici (G.5), je predpokladano, Ze ta-
kové slozky, pokud jsou pfitomné, jsou zanedbatelné.

G.5.2 Jestlize rozsifend nejistota, kterd po-
skytuje interval s konfiden¢ni urovni 95 %,
je vyhodnocena podle metody doporucené
v G.3 a G.4, je vysledny vyraz misto rovnice
(G.4)

2
Ugs =tos(Vere) (8™ +U

kde v je vypocitana z rovnice (G.2b) a vypo-
Cet zahrnuje viechny slozky nejistoty.
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Here t (v ) is taken from the t-distri-
bution for v'_. degrees of freedom and
p = 95 percent; V' is the effective degre-
es of freedom calculated from the Welch
Satterthwaite formula [equation (G.2b)]
taking into account only those standard
uncertainty components s, that have been
evaluated statistically from repeated ob-
servations in the current measurement;

s?=>c’st; ¢, =of 1 0x;;

and u? =Zu]2.(y)=2cf(af. /3) accounts for

all other components of uncertainty, where
+a; and —a, are the assumed exactly known

upper and lower bounds of X; relative to its
best estimate X; (that is, X—a< X] <X+ aj).

NOTE

A component based on repeated observations made
outside the current measurement is treated in the
same way as any other component included in u?.
Hence, in order to make a meaningful comparison
between equation (G.4) and equation (G.5) of the
following subclause, it is assumed that such compo-
nents, if present, are negligible.

G.5.2 If an expanded uncertainty that
provides an interval with a 95 percent level
of confidence is evaluated according to the
methods recommended in G.3 and G.4, the
resulting expression in place of equation
(G.4) is

2)1/2
(G.5)

where v, is calculated from equation

(G.2b) and the calculation includes all un-
certainty components.
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Ve vétiiné pfipadl, hodnota U, z rovnice

(G.5) bude vétsi nez hodnota U, z rovnice
(G.4), jestlize se predpoklada, Ze pfi vyhod-
noceni rovnice (G.5) jsou viechny rozptyly ze
zpusobu vyhodnoceni B ziskané z aprior-
nich pravouhlych rozdéleni s polovi¢nimi
Sirkami, které jsou stejné jako meze a.pou-
Zité k vypoctu u? z rovnice (G.4). To je moz-
né pochopit poznanim, Ze pfestoze t, (V' )
bude v mnoha pripadech o néco vétsi nez
t,,(v.,), oba Cinitele jsou blizké 2; a v rovnici

(G.5) u? je vynéasobend t’(v.)~4, zatimco
v rovnici (G.4) je vynadsobena 3. Prestoze

oba vyrazy poskytuji stejné hodnoty U

a U, pro u?<< s% Uy bude asi o 13 procent

mensi nez Uy, kdyz u’>>> s°. Tedy obecng,
rovnice (G.4) poskytuje nejistotu, ktera sta-
novuje interval, majici mensi konfiden¢ni
uroven nez interval, stanoveny pomoci roz-

Sifené nejistoty, vypoctené z rovnice (G.5).

POZNAMKY
1 S meznimi hodnotami w/s*— «© a Vv,

Ugs — 1,732u, zatimco U,.— 1,960u. V tomto pfipadg,
U, stanovuje interval majici jen konfiden¢ni uro-
vefi 91,7 %, zatimco U, stanovuje interval s 95 %.
Tento pripad se priblizuje praxi, kdy slozky, ziska-

né z odhadl horni a dolni meze, jsou dominant-
ni a Ciselné z hlediska velikosti jsou porovnatelné

CU2(v) = 0252
s hodnotami u?#(y) = c7az/3.

2 Pro normalni rozdéleni koeficient rozsireni

k=3~ 1,732 poskytuje interval s konfidencni
urovni p = 91,673 ... %. Tato hodnota p je robust-
ni ve vyznamu, Ze pfi porovnani s jakoukoliv dalsi
hodnotou je optimdlné nezavisld na malych od-
chylkach vstupnich veli¢in normalniho rozdéleni.

G.5.3 Prilezitostné ma vstupni veliina X
nesoumérné rozdéleni: odchylky kolem jeji
stfedni hodnoty majici stejné znaménko
jsou mnohem pravdépodobnéjsi, nez od-
chylky s opacnym znaménkem (viz 4.3.8).
PfestoZze to nema vliv na hodnoceni stan-
dardni nejistoty u(x) odhadu x, pro X,
a tedy i na hodnoceni u (y), maze to ovliv-
nit vypocet U.
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In most cases, the value of U, from equa-
tion (G.5) will be larger than the value of

Uy from equation (G.4), if it is assumed
that in evaluating equation (G.5), all Type
B variances are obtained from a priori rect-
angular distributions with half-widths that
are the same as the bounds a, used to com-
pute u? of equation (G.4). This may be un-
derstood by recognizing that, although ¢
(V') will in most cases be somewhat larger

than t, (v_.), both factors are close to 2; and

in equation (G.5) u?is multiplied t(v )~ 4
while in equation (G.4) it is multiplied by 3.
Although the two expressions yield equal

values of Uy and U, for u? << s, Uy will

be as much as 13 percent smaller than U,
if u?> >> s2. Thus in general, equation (G.4)
yields an uncertainty that provides an in-
terval having a smaller level of confidence
than the interval provided by the expanded
uncertainty calculated from equation (G.5).

NOTES

1 In the limits u%s? - w0 and v, — oo, Uys — 1,732u

while U, — 1,960u. In this case, Uy, provides an
interval having only a 91,7 percent level of con-
fidence, while U, provides a 95 percent interval.
This case is approximated in practice when the
components obtained from estimates of upper
and lower bounds are dominant, large in num-

ber, and have values of /(y)=c?a’/3 that are of
comparable size.

2 For a normal distribution, the coverage factor

k = \/5 ~ 1,732 provides an interval with a level
of confidence p = 91,673 ... percent. This value of
p is robust in the sense that it is, in comparison
with that of any other value, optimally indepen-
dent of small deviations of the input quantities
from normality.
G.5.3 Occasionally an input quantity X,
is distributed asymmetrically — deviations
about its expected value of one sign are
more probable than deviations of the op-
posite sign (see 4.3.8). Although this makes
no difference in the evaluation of the stan-
dard uncertainty u(x) of the estimate x; of
X, and thus in the evaluation of u(y), it
may affect the calculation of U.
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Je obvykle vhodné poskytnout symetricky
interval, Y = y + U, pokud to neni interval
s rozdilnym ocenénim mezi odchylkami se
stejnym a opacnym znaménkem. Jestlize
asymetrie X je zpusobena pouze malou
nesoumeérnosti rozdéleni pravdépodobnos-
ti charakterizovaného vysledkem méreni
y a jeho kombinovanou standardni nejis-
totou u(y), pravdépodobnost ztracena na
jedné strané uvedenim na symetricky inter-
val je nahrazena pravdépodobnosti ziskanou
na strané druhé. Alternativa je poskytnout
interval, ktery je z hlediska pravdépodob-
nosti symetricky (a tedy nesoumérny v U):
pravdépodobnost, ze Y lezi pod dolnim li-
mitem y — U je rovna pravdépodobnosti,
Ze U leZi nad hornim limitem y + U, . Ale aby
takové limity byly uvedeny, je potreba vice
informaci nez pouze odhad y a u (y) [a pro-
to také vice informaci nez odhady x; a u(x)
pro kazdou vstupni veli¢inu X].

G.5.4 Hodnoceni rozsifené nejistoty U,
zde uvedené pomoci u(y), v, a dinite-
lem tp(veﬂ) z t-rozdéleni, je pouze apro-
ximaci a ma svoje omezeni. Rozdéleni
(y = Y)u(y) je dané t-rozdélenim pou-
ze, kdyz rozdéleni Y je normalni, odhad
y a jeho kombinovana standardni nejistota

u (y) jsou nezavislé a jeslize rozdéleniu?(y)
je y*-rozdéleni. Uvedeniv_, rovnice (G.2), se
tyka pouze posledniho problému a posky-

tuje aproximaci y?-rozdélenim pro u’(y);
dalsi ¢ast problému vznikajici z nenormal-
niho rozdéleni Y pozaduje uvazovani mo-
mentU vyssich fada, kromé rozptylu.
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It is usually convenient to give a symmet-
ric interval, Y = y = U, unless the interval
is such that there is a cost differential be-
tween deviations of one sign over the
other. If the asymmetry of X causes only
a small asymmetry in the probability distri-
bution characterized by the measurement
result y and its combined standard uncer-
tainty u (y), the probability lost on one
side by quote a symmetric interval is com-
pensated by the probability gained on the
other side. The alternative is to give an in-
terval that is symmetric in probability (and
thus asymmetric in U): the probability that
Y lies below the lower limit y — U is equal
to the probability that Y lies above the up-
per limit y + U,. But in order to quote such
limits, more information than simply the
estimates y and u (y) [and hence more in-

formation than simply the estimates x;, and
u(x) of each input quantity X] is needed.

G.5.4 The evaluation of the expanded
uncertainty U, given here in terms of u (y),
V¢ and the factor t (v,,) from the t-distribu-
tion is only an approximation, and it has its
limitations. The distribution of (y - Y)/u (y)
is given by the t-distribution only if the dis-
tribution of Y is normal, the estimate y and
its combined standard uncertainty u (y) are

independent, and if the distribution of u?(y)
is a x* distribution. The introduction of v_,
equation (G.2b), deals only with the latter
problem, and provides an approximately »?

distribution for u?(y); the other part of the
problem, arising from the non-normality
of the distribution of Y, requires the con-
sideration of higher moments in addition
to the variance.
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G.6 Souhrn a zavéry

G.6.1 Koeficient rozsifreni kp, ktery pos-
kytuje interval majici konfidencni uroven
p blizici se ur¢ené Urovni se muze najit pou-
ze, pokud existuje uplnd znalost rozdéleni
pravdépodobnosti kazdé vstupni veliciny,
a kdyz tato rozdéleni jsou kombinova-
na k ziskani rozdéleni vystupni veliCiny.
Odhady vstupll x; a jejich standardni nejis-
toty u(x) pro tento ucel samy nestadi.

G.6.2 ProtoZe rozsahlé vypolty, vyza-
dované ke kombinaci rozdéleni prav-
dépodobnosti, jsou zfidka odlvodnéné
rozsahem a spolehlivosti dostupnych in-
formaci, je aproximace rozdéleni vystup-
ni veli¢iny pfijatelnd. Z hlediska centralni
limitni véty je obvykle postacujici pred-
pokladat, Zze rozdéleni pravdépodobnosti
(y = Y)lu(y) je t-rozdéleni, a Ze kp: tp(veﬁ
s t-faktorem zaloZzenym na poctu v_. efek-
tivnich stupnl volnosti u (y), ziskanym
z Welch-Satterthwaitova vzorce, rovnice
(G.2b).

G.6.3 Ziskani v_, z rovnice (G.2b) vyZaduje
stupné volnosti v kazdé slozky standardni
nejistoty. Pro slozku ziskanou z vyhodno-
ceni zpUsobem A je v.ziskana z po¢tu opako-
vanych nezavislych pozorovani, na kterych je
odpovidajici vstupni odhad zalozen a poctu
nezavislych veli¢in uréenych z téchto pozoro-
vani (viz G.3.3). Pro slozky ziskané z hodno-
ceni zpGsobem B je v, ziskana z posouzeni
spolehlivosti hodnoty této slozky [viz G.4.2
a rovnice (G.3)].

G.6.4 Tedy nasleduje stru¢ny souhrn pre-
ferované metody vypoctu rozsifené nejis-
toty U = ku(y), zamyslené k poskytnuti
intervalu Y = y = U, ktery ma priblizné
konfidencni uroven p:

1) Ziskéni y a u (y), jak je uvedeno v kapi-
tolach 4 a 5.
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G.6 Summary and conclusions

G.6.1 The coverage factor k  that pro-
vides an interval having a level of confi-
dence p close to a specified level can only
be found if there is extensive knowledge
of the probability distribution of each in-
put quantity and if these distributions are
combined to obtain the distribution of the
output quantity. The input estimates x, and
their standard uncertainties u(x) by them-
selves are inadequate for this purpose.

G.6.2 Because the extensive computa-
tions required to combine probability dis-
tributions are seldom justified by the ex-
tent and reliability of the available infor-
mation, an approximation to the distribu-
tion of the output quantity is acceptable.
Because of the Central Limit Theorem, it is
usually sufficient to assume that the prob-
ability distribution of (y — Y)/u(y) is the
t-distribution and take kp = tp(veﬁ), with
the t-factor based on an effective degrees
of freedom v_. of u (y) obtained from the

Welch Satterthwaite formula, equation
(G.2b).

G.6.3 To obtain v . from equation (G.2b)
requires the degrees of freedom v, for
each standard uncertainty component.
For a component obtained from a Type A
evaluation, v, is obtained from the number of
independent repeated observations upon
which the corresponding input estimate
is based and the number of independent
quantities determined from those observa-
tions (see G.3.3). For a component obtained
from a Type B evaluation, v, is obtained
from the judged reliability of the value of
that component [see G.4.2 and equation (G.3)].
G.6.4 Thus the following is a sum-
mary of the preferred method of cal-
culating an expanded uncertainty
U, = k,u (y) intended to provide an interval
Y=yxU, that has an approximate level of
confidence p:

1) Obtain y and u (y) as described in clauses

4 and 5.
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2) Vypocet v_.z Welch-Satterthwaitova vzor-

ce, rovnice (G.2b) (opakovana zde pro
snadné nahlédnuti):

JestliZze u(x) je ziskana z hodnoceni zpu-
sobem A, stanovi se v, jak je uvedeno
v G.3.3. Jestli u(x) je ziskana z hodnoce-
ni zplsobem B a je na ni pohlizeno jako
na presné zndmou hodnotu, coz se ¢asto
stava v praxi, potom plati v— o, jinak je
odhad v,z rovnice (G.3).

3) Z tabulky G.2 se ziskad t-faktor tp(veff)
pro pozadovanou konfidencni uroven.
Jestlize v_. neni celé Cislo, zaokrouhli se
interpolaci nebo ofiznutim na nejblizsi
nizsi celé cislo.

4) Vypocet Up = kpuc(y) pro kp = tp(veff).

G.6.5 V urcitych situacich, které nenasta-

vaji v praxi pfili§ ¢asto, nemohou pozadované

podminky pro centralni limitni vétu byt

dostatecné splnény a postup podle G.6.4

vede k nepfijatelnému vysledku. Napfiklad,

jestlize u(y) je ovladana sloZzkou nejisto-
ty vyhodnocené z pravouhlého rozdéleni,

o jehoz hranicich se predpokladd, ze jsou

presné znamy, je mozné [kdyz tp(veﬁ) >3]
zey + Uay-U, horni a dolni meze in-
tervalu, urcené pomoci Up, mohou lezet
mimo hranice rozdéleni pravdépodobnosti
vystupni veli¢iny Y. Takové pfipady musi byt
zpracovany na individudlnim zakladé, ale
jsou Casto prizpusobitelné k aproximativnimu
analytickému zpracovani (obvykle zahrnuje
konvoluci normalniho rozdéleni s pravouh-
lym rozdélenim [10]).

G.6.6 Pro mnoha praktickd méreni v Siro-
kém rozsahu oblasti pouZziti, jsou nasleduiji-
ci podminky splnény:
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2) Compute v_. from the Welch-Satterth-

waite formula, equation (G.2b) (repeated
here for easy reference):

(G.2b)

If u(x) is obtained from a Type A evalu-
ation, determine v, as outlined in G.3.3.
If u(x) is obtained from a Type B evalu-
ation and it can be treated as exactly
known, which is often the case in prac-
tice, v, — o otherwise, estimate v, from
equation (G.3).

3) Obtain the t-factor tp(veff) for the desired
level of confidence p from table G.2. If
V. is not an integer, either interpolate
or truncate v_, to the next lower integer.

4) Take kp = tp(veff) and calculate Up = kpuc(y).

G.6.5 In certain situations, which should
not occur too frequently in practice, the
conditions required by the Central Limit
Theorem may not be well met and the
approach of G.6.4 may lead to an unac-
ceptable result. For example, if u (y) is domi-
nated by a component of uncertainty evalu-
ated from a rectangular distribution whose
bounds are assumed to be exactly known,

it is possible [if tp(veﬁ) > /3] that y + Up
and y - U, the upper and lower limits of
the interval defined by Up, could lie outside
the bounds of the probability distribution
of the output quantity Y. Such cases must
be dealt with on an individual basis but
are often amenable to an approximate ana-
lytic treatment (involving, for example, the
convolution of a normal distribution with
a rectangular distribution [10]).

G.6.6 For many practical measurements
in a broad range of fields, the following
conditions prevail:
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- odhad y mérené veliciny Y je ziskdn z od-
hadu x.z urlitého poctu vstupnich veli¢in
X, které jsou popsatelné dobfe se chova-
jicimi rozdélenimi pravdépodobnosti, jako
je normalni a pravouhlé rozdéleni;

- standardni nejistoty u(x) téchto odhadd,
které mohou byt ziskany z hodnoceni
bud zplsobem A, nebo zplsobem B,
pfispivaji srovnatelnymi hodnotami ke
kombinované standardni nejistoté u (y)
vysledku méreni y;

- je dostate¢na lineadrni aproximace
pouzitd podle zakona o Sifeni nejistoty
(viz5.1.2 a E.3.1);

- nejistota u (y) je dostatecné malg, protoze
jeji efektivni stupné volnosti v_. jsou vyz-
namné, reknéme vétsi nez 10.

Za téchto okolnosti rozdéleni pravdépo-
dobnosti, charakterizované vysledkem mé-
feni a jeho kombinovanou standardni ne-
jistotou, mUze byt pokladano za normalni
na zékladé centralni limitni véty; a u/(y)
mulze byt povazovan jako dostatecné
duavéryhodny odhad smérodatné odchylky
normalniho rozdéleni v dusledku vyznam-
né velikosti v_.. Pak na zakladé vysvétleni
uvedeného v této priloze zahrnujiciho
duraz na pfiblizny raz prbéhu hodnoceni
nejistoty a nepraktické obtizné rozliSovani
mezi intervaly majicimi konfiden¢ni Urovné,
které se navzajem odchylujio 1 az 2 %, je do-
voleno toto:

- dosadi se kK = 2 a predpoklada se, ze
U = 2 u/y) urcuje interval s konfiden¢ni
urovni priblizné 95 % ;

nebo pro kritictéjsi pouziti

- dosadi se k = 3 a predpoklada se, ze
U = 3 u (y) urcuje interval s konfidencni
urovni pfiblizné 99 %.
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- the estimate y of the measurand Y'is ob-
tained from estimates x. of a significant
number of input quantities X, that are
describable by well-behaved probabil-
ity distributions, such as the normal and
rectangular distributions;

- the standard uncertainties u(x) of these
estimates, which may be obtained from
either Type A or Type B evaluations,
contribute comparable amounts to the
combined standard uncertainty u (y) of the
measurement result y;

— the linear approximation implied by the
law of propagation of uncertainty is
adequate (see 5.1.2 and E.3.1);

- the uncertainty of u(y) is reasonably
small because its effective degrees of
freedom v_, has a significant magnitude,
say greater than 10.

Under these circumstances, the probability
distribution characterized by the measure-
ment result and its combined standard
uncertainty can be assumed to be normal
because of the Central Limit Theorem; and
u (y) can be taken as a reasonably reliable
estimate of the standard deviation of that
normal distribution because of the signifi-
cant size of v_.. Then, based on the discus-
sion given in this annex, including that
emphasizing the approximate nature of the
uncertainty evaluation process and the im-
practicality of trying to distinguish between
intervals having levels of confidence that
differ by one or two percent, one may do
the following:

- adopt k = 2 and assume that U = 2 u (y)

defines an interval having a level of con-
fidence of approximately 95 percent;

or, for more critical applications,
- adopt k = 3 and assume that U = 3 u (y)

defines an interval having a level of con-
fidence of approximately 99 percent.
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Ackoliv tento pfistup ma byt vhodny
pro mnoho praktickych mérfeni, jeho
aplikovatelnost na kterékoliv zvlastni
méreni bude zaviset na tom, jak tésné k = 2
musibytkt, (v ) nebok=3musibytkt,(v_.);
tj. jak tésné konfidencni uUroven intervalu
uréena pomoci U = 2 u(y) nebo U =3 u(y)
musi byt 95 % nebo 99 %. Pfesto t,(11)
at,(11) budou pfiv_ =11, k=2ak =3 niz-
ko odhanuty, jen kolem 10 % a eventuelné
4 % (viz tabulka G.2), coz neni dovoleno
v nékterych pripadech pfijmout. Dale po-
skytuje k = 3 pro viechny hodnoty v_, kte-
ré jsou trochu vétsi nez 13, interval s konfi-
dencni Urovni vétsi nez 99 %. (Viz tabulka
G.2, ktera také ukazuje, ze pro v_, — o jsou
konfiden¢ni urovné pfi k =2 a k = 3 v hod-
notach 95,45 % a 99,73 %). Tedy, jestli tento
pfistup muze byt v praxi pouzit, rozhoduje
hodnota v_.apozadavky rozsifené nejistoty.
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Although this approach should be suit-
able for many practical measurements, its
applicability to any particular measurement
will depend on how close k = 2 must be
to t,(v..) or k = 3 must be to t(v_); that
is, on how close the level of confidence
of the interval defined by U = 2 u(y) or
U =3 u (y) must be to 95 percent or 99 per-
cent, respectively. Although for v . = 11,
k =2 and k = 3 underestimate t,.(11) and
t,,(11) by only about 10 and 4 percent, re-
spectively (see table G.2), this may not be
acceptable in some cases. Further, for all
values of v_. somewhat larger than 13,
k = 3 produces an interval having a level
of confidence larger than 99 percent.
(See table G.2, which also shows that for
v — o the levels of confidence of the
intervals produced by k = 2 and k = 3 are
95,45 and 99,73 percent, respectively).
Thus, in practice, the size of v_.and what is
required of the expanded uncertainty will
determine whether this approach can be
used.
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Tabulka G.2 - Hodnota t (v) z t-rozdéleni pro pocet v stupfili volnosti, ktera definuje
interval-t (v) az +t (v) obsahujici podil p rozdéleni

Table G.2 - Value of tp(v) from the t-distribution for degrees of freedom v that defines an

interval—tp(v) to +tp(v) that encompasses the fraction p of the distribution

Pocet stupnu

volnosti Redillphae
Dfr g;fi::f Fraction p in percent
920 95 95,45@ 929 99,73@
6,31 12,71 13,97 63,66 235.80
2 1,32 2,92 4,30 4,53 9,92 19,21
3 1,20 2,35 3,18 3,31 5,84 9,22
4 1,14 2,13 2,78 2,87 4,60 6,62
5 1,11 2,02 2,57 2,65 4,03 5,51
6 1,09 1,94 2,45 2,52 3,71 4,90
7 1,08 1,89 2,36 2,43 3,50 4,53
8 1,07 1,86 2,31 2,37 3,36 4,28
9 1,06 1,83 2,26 2,32 3,25 4,09
10 1,05 1,81 2,23 2,28 3,17 3,96
11 1,05 1,80 2,20 2,25 3,1 3,85
12 1,04 1,78 2,18 2,23 3,05 3,76
13 1,04 1,77 2,16 2,21 3,01 3,69
14 1,04 1,76 2,14 2,20 2,98 3,64
15 1,03 1,75 2,13 2,18 2,95 3,59
16 1,03 1,75 2,12 2,17 2,92 3,54
17 1,03 1,74 2,11 2,16 2,90 3,51
18 1,03 1,73 2,10 2,15 2,88 3,48
19 1,03 1,73 2,09 2,14 2,86 3,45
20 1,03 1,72 2,09 2,13 2,85 3,42
25 1,02 1,71 2,06 2,11 2,79 3,33
30 1,02 1,70 2,04 2,09 2,75 3,27
35 1,01 1,70 2,03 2,07 2,72 3,23
40 1,01 1,68 2,02 2,06 2,70 3,20
45 1,01 1,68 2,01 2,06 2,69 3,18
50 1,01 1,68 2,01 2,05 2,68 3,16
100 1,005 1,660 1,984 2,025 2,626 3,077
) 1,000 1,645 1,960 2,000 2,576 3,000
3 Pro veli¢inu z popsanou normalnim rozdélenim s o¢ekdvanou hodnotou u, a smérodatnou odchylkou g,
intervalem u_ = ko s podilem p = 68,27 %, 95,45 %, a 99,73 % rozdéleniprok =1, 2 a 3.
@ For a quantity z described by a normal distribution with expectation u, and standard deviation ¢, the
interval u, + ko encompasses p = 68,27, 95,45, and 99,73 percent of the distribution for k = 1, 2 and 3,
respectively.
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Priloha H

Priklady

Tato pfriloha uvadi Sest prikladd H.1 az
H.6, které jsou vypracovadny znac¢né podrob-
né, aby vysvétlily zakladni principy tohoto
pokynu pro hodnoceni a vyjadreni nejisto-
ty méreni. Spole¢né s pfiklady zahrnutymi
v hlavnim textu a nékterymi pfilohami ma
umoznit uzivateli tohoto pokynu uvést tyto
principy do praxe ve své praci.

Protoze priklady jsou pro ilustrativni ucely,
musi byt nutné zjednodusené. Mimo to,
protoze jsou priklady a Ciselnad data v nich
pouzita vybrana tak, aby hlavné demonst-
rovala principy tohoto pokynu, nemusi tato
data byt nutné interpretovana jako data
popisujici skute¢nd méreni. Zatimco data
jsou pouzita jako dand, za ucelem vyvaro-
vani se chyb zaokrouhlovanim, je vice dislic
ponechdno v mezivypoctech, nez je obvykle
uvadéno. Zde uvedeny vysledek zahrnujici
razné veli¢iny se muze liSit nepatrné od vys-
ledku, ktery je obsazen v textu uvadéjicim
Ciselnou hodnotu téchto velicin.

V predchdzejicim textu tohoto pokynu je
zdlraznéno, ze klasifikace metod uziva-
nych k hodnoceni slozek nejistoty zpUso-
bem A nebo zpUsobem B se snadnéji pro-
vadi. Neni ale vyZzadovana pro urceni kombi-
nované standardni nejistoty nebo rozsifrené
nejistoty vysledku méreni, pokud viechny
slozky nejistoty nezavisle na zplsobu ho-
dnoceni jsou zpracovany stejnym zpUsobem
(viz 3.3.4, 5.1.2 a E.3.7). Tedy, na priklad,
metoda pouzita k hodnoceni urcité slozky
neni specificky identifikovana jako metoda
A nebo B. Z popisu bude jasné, zda slozka
byla ziskana hodnocenim zpusobem A
nebo zpusobem B.

H.1 Kalibrace koncové mérky

Tento priklad demonstruje, ze zdanlivé
jednoduché méreni muze vykazovat jemné
aspekty hodnoceni nejistoty.
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Annex H
Examples

This annex gives six examples, H. 1 to H.6,
which are worked out in considerable
detail in order to illustrate the basic prin-
ciples presented in this Guide for evaluating
and expressing uncertainty in measurement.
Together with the examples included in the
main text and in some of the other annexes,
they should enable the users of this Guide to
put these principles into practice in their
own work.

Because the examples are for illustrative pur-
poses, they have by necessity been simplified.
Moreover, because they and the numerical
data used in them have been chosen mainly
to demonstrate the principles of this Guide,
neither they nor the data should necessar-
ily be interpreted as describing real mea-
surements. While the data are used as
given, in order to prevent rounding errors,
more digits are retained in intermediate
calculations than are usually shown. Thus
the stated result of a calculation involving
several quantities may differ slightly from
the result implied by the numerical values
given in the text for these quantities.

It is pointed out in earlier portions of this
Guide that classifying the methods used to
evaluate components of uncertainty as Type
A or Type B is for convenience only; it is not
required for the determination of the com-
bined standard uncertainty or expanded un-
certainty of a measurement result because all
uncertainty components, however they are
evaluated, are treated in the same way (see
3.3.4, 5.1.2, and E.3.7). Thus, in the examples,
the method used to evaluate a particular
component of uncertainty is not specifi-
cally identified as to its type. However, it
will be clear from the discussion whether
a component is obtained from a Type A or
a Type B evaluation.

H.1 End-gauge calibration

This example demonstrates that even an
apparently simple measurement may in-
volve subtle aspects of uncertainty evalu-
ation.
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H.1.1 Uloha méfeni

Jmenovitd délka 50 mm koncové mérky
je urena jejim porovnanim se znamym eta-
lonem, ktery ma stejnou jmenovitou délku.
Pfimy vysledek porovnani téchto dvou
meznich méridel je rozdil d mezi jejich dél-

kami:
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H.1.1 The measurement problem

The length of a nominally 50 mm end gauge is
determined by comparing it with a known
standard of the same nominal length. The
direct output of the comparison of the
two end gauges is the difference d in their
lengths:

d=1(1+ab)-1(1+a0,)

kde je

/ mérena veli¢ina, to je dél-
ka pfi 20 °C koncové mérky;,
ktera bude kalibrovana;

/ délka etalonu pfi 20 °C,
jak je wuvedena v jeho
kalibra¢nim listu;

aaa koeficienty tepelné roztaz-
nosti mérky, ktera bude ka-
librovana, eventuelné eta-
lonu;

0ado, odchylky teploty mérky, re-

spektive etalonu od 20 °C
referencni teploty.

H.1.2 Matematicky model

Mérend veli¢ina z rovnice (H.1) je dana rov-
nici

(M +ab) +d
 (1+ab)

Jestlize rozdil mezi teplotou kalibrova-
né koncové mérky a teplotou etalonu je
popsan jako 860 = 0 — 6, a rozdil mezi je-
jich koeficienty tepelné roztaznosti jako
da = a — a, obdrZi se z rovnice (H.2)

(H.1)
where
the measurand, that is, the

length at 20 °C of the end
gauge being calibrated;

the length of the standard at
20 °C as given in its calibration
certificate;

/ is

/ is

a and a.are the coefficients of thermal ex-
pansion, respectively, of the
gauge being calibrated and
the standard;

0 and 0, are the deviations in temperature
from the 20 °C reference tem-
perature, respectively, of the
gauge and the standard.

H.1.2 Mathematical model

From equation (H.1), the measurand is gi-
ven by

=l +d+ (a6, —a0)+ ...

(H.2)
If the difference in temperature between
the end gauge being calibrated and the
standard is written as 60 = 0 - 0, and the
difference in their thermal expansion coef-
ficients as 6a = a - a, equation (H.2) be-
comes

I=1(l,d,a0,8a,80)=I +d - (8a><0+as x8¢9)

(H.3)
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Rozdily 86 a da, ale ne jejich nejistoty, maji
odhad roven nule; a o da, a, 80, a 0, se
predpoklada, Zze jsou nekorelované. (Kdy-
by byla mérena veli¢ina vyjadiena v zavis-
losti na 6, 0, a a a,, tak by musela byt vzata
v Uvahu korelace mezi 0 a 6, a mezi a a a).

Tedy z rovnice (H.3) vyplyvd, Zze odhad hod-
noty mérené veliciny /| mlize byt ziskan
z jednoduchého vyrazu /, +d, kde I je dél-
ka etalonu pfi 20 °C, jak je dana v jeho ka-

libra¢nim listu, a d je odhadnutd pomoci d,
aritmetického primeéru n = 5 nezavislych opa-
kovanych pozorovani. Kombinovana stan-
dardni nejistota u (/) je ziskana pouzitim
rovnice (10) v 5.1.2 v rovnici (H.3), jak je
nasledné vysvétleno.

POZNAMKA
V tomto a dalSich pfikladech je pro zjednoduseni po-
uZzita stejnd znacka veliciny i jejiho odhadu.

H.1.3 Prispivajici rozptyly
Souvisejici body tohoto prikladu, jak jsou
probrany v tomto a ndsledujicich ¢lancich,
jsou shrnuty v tabulce H.1.

ProtoZe se predpoklada, ze da =0 a 80 = 0,
pouziti rovnice (10) v 5.1.2 v rovnici (H.3)
poskytne
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The differences 66 and da but not their un-
certainties, are estimated to be zero; and
da, a,, 60, and 0 are assumed to be uncor-
related. (If the measurand were expressed
in terms of the variables 0, 0., a and a,, it
would be necessary to include the correla-
tion between 6 and 6,, and between a and
ag.)

It thus follows from equation (H.3) that
the estimate of the value of the measur-
and / may be obtained from the simple

expression [ + d where l, is the length of

the standard at 20 °C as given in its cali-
bration certificate and d is estimated by

d the arithmetic mean of n = 5 indepen-
dent repeated observations. The combined
standard uncertainty u (/) of | is obtained
by applying equation (10) in 5.1.2 to equation
(H.3), as discussed below.

NOTE

In this and the other examples, for simplicity of nota-

tion, the same symbol is used for a quantity and its
estimate

H.1.3 Contributory variances

The pertinent aspects of this example as dis-
cussed in this and the following subclauses
are summarized in table H.1.

Since it is assumed that da = 0 and 60 = 0,
the application of equation (10) in 5.1.2 to
equation (H.3) yields

uZ(l) = ccu? () + cu(d) + ¢ u* (o) +c;u?(0) + i u* (3a) + c2,u* (36)

(H.4)
se with
¢, =0flol;=1-(8a 6+ a,d6) =1
¢, =oflod =1
¢, =0floag=-1560=0
¢, =0flo0=~ISa=0
s, = O0fl0da =-16
¢, =0flod0 =—la,
a kde and thus
u?(l) = u*(1) + u*(d) + 120*U* (S ) + I2a2u*(56)
(H.5)
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H.1.3.1 Nejistota kalibrace etalonu, u(/,)

Kalibra¢ni list udava rozsifenou nejistotu
etalonu U = 0,075 um a uvadi, Ze byla zis-
kdna pouzitim koeficientu rozsifeni k = 3.
Standardni nejistota je tedy
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H.1.3.1 Uncertainty of the calibration
of the standard, u(/,)

The calibration certificate gives as the
expanded uncertainty of the standard
U = 0,075 um and states that it was ob-
tained using a coverage factor of k = 3. The
standard uncertainty is then

u(l)) = (0,075 um)/3 = 25 nm

H.1.3.2 Nejistota méfeného rozdilu
délek, u(d)

Sdruzena vybérova smérodatnd odchylka
charakterizujici porovnani méfeni / a I, byla
ur¢ena z rozptylu 25 nezavislych opako-
vanych pozorovani rozdild délek dvou
etalond meznich méfidel a bylo zjisténo,
Ze je 13 nm. K porovnani v tomto prfipadé
bylo vzato pét opakovanych pozorovani.
Standardni nejistota spojena s aritmetickym
primérem téchto hodnot je tedy (viz 4.2.4)

H.1.3.2 Uncertainty of the measured
difference in lengths, u(d)

The pooled experimental standard deviation
characterizing the comparison of / and |,
was determined from the variability of 25
independent repeated observations of the
difference in lengths of two standard end
gauges and was found to be 13 nm. In the
comparison of this example, five repeated
observations were taken. The standard un-
certainty associated with the arithmetic
mean of these readings is then (see 4.2.4)

u(d)=s(d)= (13nm)/x/§ =5,8nm

Podle kalibra¢niho listu komparatoru
pouzitého k porovnani /s I, jehoz nejistota
»Z dlvodu nahodnych chyb” je +0,01 um pfi
konfidencni urovni 95 % z 6 opakovanych
méreni; tedy standardni nejistota, pouzitim
t-faktoru t,.(5) =2,57 prov=6-1=5stupnd
volnosti (viz pfiloha G, tabulka G.2), je

According to the calibration certificate of the
comparator used to compare / with [, its un-
certainty “due to random errors” is +0,01 um
at a level of confidence of 95 percent and is
based on 6 replicate measurements; thus
the standard uncertainty, using the t-factor
t..(5) =2,57 forv=6-1="5degrees of free-
dom (see annex G, table G.2), is

u(d,)=(0,01um)/2,57 = 3,9 nm

Nejistota komparatoru ,z dlvodu syste-
matickych chyb” je dana certifikaci jako
0,02 um pf¥i ,urovni tfi sigma”. Standardni
nejistota z tohoto divodu muze tedy byt
brana takto

The uncertainty of the comparator “due to
systematic errors” is given in the certificate
as 0,02 um at the ,three sigma level.” The
standard uncertainty from this cause may
therefore be taken to be

u(d,)=(0,02 um)/3 = 6,7 nm

Celkovy pfrispévek je ziskan ze souctu od-
hadnutych rozptylU:

The total contribution is obtained from the
sum of the estimated variances:

u(d) = u*(d) +u*(d,) + u*(d,) = 93 nm?

nebo

or

u(d) =9,7 nm
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Tabulka H.1 - Piehled slozek standardni nejistoty

Table H.1 - Summary of standard uncertainty components

Slozka Zdroj nejistoty Hodnota standardni Pocet
standardni nejistoty stupnt
nejistoty u(x) volnosti
u(x) u(l) =lcl ulx)
- c. =0f/ox.

Standard Source of uncertainty Value ! ! (nm) Degrees
uncertainty of standard of
component uncertainty freedom

u(x) u(x.)
kalibrace etalonu koncové
mérky
u(l) 25 nm 1 25 18
Calibration of standard end
gauge
méfend odchylka mezi
koncovymi mérkami
u(d) 9,7 nm 1 9,7 25,6
Measured difference between
end gauges
opakovana pozorovani
u(c_/) 5,8 nm 24
repeated observations
nahodné vlivy komparatoru
u(d,) 3,9 nm 5
random effects of comparator
systematické vlivy komparatoru
u(d,) 6,7 nm 8
systematic effects of comparator
koeficient tepelné roztaznosti
etalonu koncové mérky
u(a) 1,2 x 108 °C’ 0 0
Thermal expansion coefficient
of standard end gauge
teplota zkusebniho drzaku
u(o) 0,41 °C 0 0
Temperature of test bed
stfedni hodnota teploty drzdku
U(E) 0,2 °C
mean temperature of bed
cyklické kolisani hodnoty
teploty mistnosti
u(4) 0,35°C
cyclic variation of temperature
of room
odchylka koeficientu roztaznosti
koncovych mérek
u(da) 0,58 x 106 °C! -, 6 2,9 50
Difference in expansion
coefficients of end gauges
odchylka teploty koncovych
mérek
u(d6) 0,029 °C I o 16,6 2
Difference in temperatures of
end gauges
GA () = Zu,?(/) = 1002 nm?
u()= 32nm
v = 16
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H.1.3.3 Nejistota soucinitele tepelné
roztaznosti, u(a,)

Soucinitel tepelné roztaznosti etalonu kon-
cové mérky je dan jako a, = 11,5 x 10 °C"
s nejistotou vyjaddrenou pravouhlym rozdé-

lenim majicim meze +2 x 10 °C™". Standard-
ni nejistota je tedy [viz rovnice (7) v 4.3.7]

_2x10°C”

u(a,) NE)

Zatimco ¢, =0f /das =180 =0, jak je zna-
zornéna v H.1.3, tato nejistota nijak nepfi-
spiva k nejistoté / prvniho fadu. Avsak ma
prispévek druhého fadu, jak je vysvétleno
v H.1.7.

H.1.3.4 Nejistota odchylky teploty mez-
niho méridla, u(0)

Teplota zkusebniho drzdku je uvedena
(199 £ 0,5) °C;, teplota béhem jednot-
livych pozorovani nebyla zaznamenavana.
Stanovend maximalni odchylka A = 0,5 °C ma
vyjadrovat pfibliznou amplitudu cyklického
kolisani teploty vlivem termostatického
systému a ne nejistotu stfedni hodnoty te-
ploty. Hodnota stfedni odchylky teploty

0 =19,9 °C-

je zaznamenana, Ze ma standardni nejistotu
zpUsobenou vlastni nejistotou stfedni hod-
noty teploty zkusebniho drzaku
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H.1.3.3 Uncertainty of the thermal
expansion coefficient, u(a,)

The coefficient of thermal expansion
of the standard end gauge is given as
a, = 11,5 x 10° °C" with an uncertainty
represented by a rectangular distribution
with. bounds £2 x 10¢ °C™' The standard un-
certainty is then [see equation (7) in 4.3.7]

=1,2x10"°C"

Since ¢, =0f /0oy =-130=0 as indicated
in H.1.3, this uncertainty contributes noth-
ing to the uncertainty of / in first order. It
does, however, have a second-order contri-
bution that is discussed in H.1.7.

H.1.3.4 Uncertainty of the deviation
of the temperature of the end gauge, u(6)

Thetemperatureofthetestbedisreportedas
(19,9 = 0,5) °C; the temperature at the
time of the individual observations was
not recorded. The stated maximum offset,
A = 0,5 °C, is said to represent the ampli-
tude of an approximately cyclical variation
of the temperature under a thermostatic
system, not the uncertainty of the mean
temperature. The value of the mean tem-
perature deviation

20°C=-0,1 °C

is reported as having a standard uncertain-
ty itself due to the uncertainty in the mean
temperature of the test bed of

u(@)=0,2 °C

zatimco cyklické kolisani v case vytvari
rozdéleni teplot ve tvaru U (arcussinus)
a vyustuje ve standardni nejistotu

while the cyclic variation in time produces
a U-shaped (arcsine) distribution of tem-
peratures resulting in a standard uncer-
tainty of

u(4) =(0,5 °C)/+/2 =0,35 °C

Teplotni odchylku @ je dovoleno brat rov-
nou @ ; standardni nejistota 0 je ziskana z

The temperature deviation # may be taken

equal to @, and the standard uncertainty
of #is obtained from

u?(0) =u*(0) + uX(A) = 0,165 °C
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a z toho vyplyva
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which gives

u(@) =0,41 °C

Zatimco ¢, = 0f/00 = —I6a = 0, jak je uve-
deno v odstavci H.1.3, tato nejistota také
nijak nepfispivd k nejistoté / prvniho radu.
Ale m4é prispévek druhého fadu, jak je vy-
svétleno v H.1.7.

H.1.3.5 Nejistota rozdilu soucinitela
roztaznosti, u(da)

Odhad hranic rozptylu 6a je +1 x 10¢°C",
do. mlze mit se stejnou pravdépodobnosti
jakoukoliv hodnotu uvnitf téchto meazi.
Standardni nejistota je

Since ¢, = 0f/00 = - 3o = 0 as indicated in
H.1.3, this uncertainty also contributes
nothing to the uncertainty of / in first or-
der; but it does have a second-order contri-
bution that is discussed in H.1.7.

H.1.3.5 Uncertainty of the difference

in expansion coefficients, u(da)

The estimated bounds on the variability of
do. are £1 x 10 °C' with an equal prob-
ability of 6a having any value within those
bounds. The standard uncertainty is

u(6a)=(1x10‘6 OC_1)/\/§=0,58X10_6 oc—1

H.1.3.6 Nejistota rozdilu mezi teplotami
méridel, u(56)

Ocekdva se, ze etalonova a zkousena
méfidla maji stejnou teplotu, ale rozdil te-
ploty mlze se stejnou pravdépodobnosti
lezet kdekoliv uvnitf odhadnutého interva-
lu -0,05 °C az +0,05 °C. Standardni nejistota
je

H.1.3.6 Uncertainty of the difference
in temperatures of the gauges, u(56)

The standard and the test gauge are ex-
pected to be at the same temperature, but
the temperature difference could lie with
equal probability anywhere in the estimat-
ed interval -0,05 °C to +0,05 °C. The stan-
dard uncertainty is

u(36) = (0,05 °C)/~/3 =0,029 °C

H.1.4 Kombinovana standardni nejistota

Kombinovana standardni nejistota u (/) je
vypocitana z rovnice (H.5). Jednotlivé prv-
ky jsou shromazdény a dosazeny do tohoto
vyrazu k ziskani

H.1.4 Combined standard uncertainty

The combined standard uncertainty u (/) is
calculated from equation (H.5). The indi-
vidual terms are collected and substituted
into this expression to obtain

u’(l) = (25 nm)? + (9,7 nm)?+ (0,05 m)? (-0,1 °C)? (0,58 x 10 ° C")>+ (0,05 m)? (11,5 x 10 °C")? (0,029 °C)?

(H.6a)
= (25 nm)? + (9,7 nm)?+ (2,9 nm)? + (16,6 nm)?=1 002 nm?
(H.6b)
nebo or
u()=32nm
(H.60)

Dominantni slozka nejistoty je zrfejmé
slozkou etalonu, u(/) = 25 nm.

The dominant component of uncertainty is
obviously that of the standard, u(/) = 25 nm.
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H.1.5 Konecny vysledek

Kalibra¢ni certifikat etalonové koncové
mérky udava /. = 50,000 623 mm jako jeho
délku pfi 20 °C. Aritmeticky pramér d péti
opakovanych pozorovani rozdilu délek
mezi nezndmym meznim méfidlem a eta-

lonem je 215 nm. Tedy zatimco / = I, + d
(viz H.1.2), délka /| neznamého mezniho
méridla pfi 20 °C je 50,000 838 mm. Podle
7.2.2 je dovoleno konecny vysledek méreni
vyjadrit jako:

/=50,000 838 mm s kombinovanou standard-
ni nejistotou u_= 32 nm. Odpovidajici rela-
tivni kombinovand standardni nejistota je
u/l=6,4x107.

H.1.6 Rozsirena nejistota

Je pozadovdno ziskat rozsifenou nejisto-
tu Uy, = k,ull), ktera poskytuje interval
skonfidenc¢ni urovni priblizné 99 %. Pouzity
postup je shrnut v G.6.4 a pozadované
stupné volnosti jsou uvedeny v tabulce H.1.
Ty byly ziskany nasledovné:

1) Nejistota u(l,) kalibrace etalonu [H.1.3.1].
Kalibrac¢ni list uvadi, Zze efektivni stupné
volnosti kombinované standardni ne-
jistoty, ze kterych je uvedena rozdifena
nejistota ziskana, jsou v_. (/) = 18.
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H.1.5 Final result

The calibration certificate for the standard
end gauge gives /. = 50,000 623 mm as its

length at 20 °C. The arithmetic mean d of
the five repeated observations of the differ-
ence in lengths between the unknown end
gauge and the standard gauge is 215 nm.

Thus, since I =/, + d (see H.1.2), the length /
of the unknown end gauge at 20 °C is
50,000 838 mm. Following 7.2.2, the final
result of the measurement may be stated
as:

/ =50,000 838 mm with a combined standard
uncertainty u_= 32 nm. The corresponding

relative combined standard uncertainty is
u/l=64x10".

H.1.6 Expanded uncertainty

Suppose that one is required to obtain an
expanded uncertainty U, = k,u (/) that

997 ¢
provides an interval having a level of confi-

dence of approximately 99 percent. The pro-
cedure to use is that summarized in G.6.4,
and the required degrees of freedom are
indicated in table H.1. These were ob-
tained as follows:

1) Uncertainty of the calibration of the stan-
dard, u(/) [H. 1.3.1]. The calibration certif-

icate states that the effective degrees of
freedom of the combined standard uncer-
tainty from which the quoted expanded
uncertainty was obtained is v_. (/) = 18.
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2) Nejistota u(d) méreného rozdilu délek
[H.1.3.2]. A¢koli d byl ziskan z péti opako-
vanych pozorovéni, je v(d)=25-1=24

stupriti volnosti pro u(d), protoze u(d)
byla ziskdna ze sdruzené vybérové
smérodatné odchylky na zdkladé 25
pozorovani (viz H.3.6, poznamka).
Pocet stuprid volnosti pro u(d,), nejis-
toty nahodnych vlivi na komparator, je
v(d,) = 6 — 1 =5, protoZze d, bylo zis-
kdno ze 3esti opakovanych méreni.
U nejistoty 0,02 um, zpusobené systema-
tickymi vlivy na komparator je dovoleno
predpokladat, ze je spolehliva ze 25 %.
Pocet stupnd volnosti z rovnice (G.3)
v G.4.2 je v(d,) = 8 (viz pfiklad v G.4.2).
Efektivni pocet stupfid volnosti v_.(d)
pro u(d) je tedy ziskan z rovnice (G.2b)
vG.4.1:

Veﬁ (d) — [UZ(a) + UZ (d1 ) + UZ (dz )]2
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2) Uncertainty of the measured difference

in lengths, u(d) [H.1.3.2]. Although d
was obtained from five repeated ob-

servations, because u(d) was obtained
from a pooled experimental standard
deviation based on 25 observations,

the degrees of freedom of u(d) is

v(d) =25 - 1 = 24 (see H.3.6, note).
The degrees of freedom of u(d),
the uncertainty due to ran-
dom effects on the comparator, is
v(d,) =6 -1 =5 because d, was obtained
from six repeated measurements. The
40,02 pum uncertainty for systematic
effects on the comparator may be as-
sumed to be reliable to 25 percent, and
thus the degrees of freedom from equa-
tion (G.3) in G.4.2 is v(d,) = 8 (see the
example of G.4.2). The effective degrees
of freedom of u(d), v_.(d), is then ob-

eff

tained from equation (G.2b) in G.4.1:

4
(9,7 nm) _25,6

u'(d)  u(d,) , u(d,) " (5,8 nm)* L G.9nm)" (6,7 nm)’

v(d)  v(d;)  v(d;)

3) Nejistota u(da) rozdilu mezi koeficien-
ty roztaZnosti [H.1.3.5]. Odhad mezi
+1x 106 °C" pro rozptyl da je povazovan
za spolehlivy z 10 %. To dava z rovnice
(G.3) vG.4.2 v(da) = 50.

4) Nejistota u(da) rozdilu mezi teplotami
mérek, [H.1.3.6]. Odhad intervalu roz-
dilu teplot 66 -0,05 °C az +0,05 °C je
pokladan za spolehlivy pouze z 50 %,
coz z rovnice (G.3) v odstavci G.4.2 dava

v (00) = 2.

PFi vypoctu v_.(I) z rovnice (G.2b) v G.4.1 se
postupuje presné stejnou cestou jako pfi
vypoctu v_(d) v pfedchazejicim bodé 2).
Tedy z rovnice (H.6b) a (H.6¢) s hodnotami
pro v uvedenymi v bodech 1) az 4)

24 5 8

3) Uncertainty of the difference in expansion
coefficients, u(d«) [H.1.3.5]. The estimated
bounds of £1 x 10 °C' on the variabil-
ity of da are deemed to be reliable to
10 percent. This gives, from equation
(G.3) in G.4.2, v(da) = 50.

4) Uncertainty of the difference in
temperatures of the gauges, u(da)
[H.1.3.6]. The estimated interval
-0,05 °C to +0,05 °C for the temperature
difference 660 is believed to be reliable
only to 50 percent, which from equation
(G.3) in G.4.2 gives v(d0) = 2.

The calculation of v_(/) from equation (G.2b)

in G.4.1 proceeds in exactly the same way

as for the calculation of v_(d) in 2) above.

Thus from equations (H.6b) and (H.6c) and

the values for v given in 1) through 4),
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(32 nm)*
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=16,7

Veirll) =

4 4 4 4
(25 nm) N (9,7 nm) . (2,9 nm) N (16,6 nm)

18 25,6

K ziskani pozadované rozsifené nejisto-
ty je tato hodnota nejdrive zaokrouh-
lena k nejblize mensSimu celému Cislu,
v (/) = 16. Potom z tabulky G.2 v pfiloze G
nasleduje t,,(16) = 2,92 a odtud

Uy = t(16)u (/) = 2,92 x (32 nm) = 93 nm.
Potom z rovnice 7.2.4 mlze byt konecny
vysledek méreni stanoven takto:

| = (50,000 839 + 0,000 093) mm, kde cislo
nasledujici za znakem = je ¢iselna hodno-
ta rozdifené nejistoty U = ku,, s U urenou
z kombinované standardni nejistoty
u_= 32 nm a koeficintu rozdifeni k = 2,92,
jehoz hodnota spociva na t-rozdéleni pro
v = 16 stupnd volnosti a urcuje interval
s odhadnutou konfidenc¢ni urovni 99 %.
Odpovidajici relativni rozsifena nejistota je
Ull=1,9 x 10°.

H.1.7 Prvky druhého radu

Pozndmka k 5.1.2 vysvétluje, Ze rovnice
(10), kterd je pouzita v tomto pfikladu
k ziskdni kombinované standardni nejistoty
u (/), musi byt rozsifena, pokud je nelieari-
ta funkce Y = f(X,, X.. ..., X,) tak vyznamna,
Zze nesmi byt opominuty prvky vyssiho radu
rozvoje Taylorovy fady. V pfipadé tohoto
pfikladu, hodnoceni u(/), jak je uvedeno
dale, neni uplné. Pouziti vyrazu uvedeného
v poznamce k 5.1.2 v rovnici (H.3) poskytuje
ve skutecnosti dva rozdilné neopomenutel-
né ¢leny druhého fadu k pficitani k rovnici
(H.5). Tyto prvky, které vznikaji z kvadra-
tického ¢lenu vyrazu v poznamce, jsou

50 2

To obtain the required expanded uncertain-
ty, this value is first truncated to the next

lower integer, v_.(/) = 16. It then follows from
table G.2 in annex G that t,(16) = 2,92, and
hence U,, = t,,(16)u (/) = 2,92 x (32 nm) = 93
nm. Following 7.2.4, the final result of the
measurement may be stated as:

/= (50,000 838 + 0,000 093) mm, where the
number following the symbol + is the nu-
merical value of an expanded uncertainty
U = ku, with U determined from a com-
bined standard uncertainty u_ =32 nm and
a coverage factor k = 2,92 based on the

t-distribution for v = 16 degrees of free-
dom, and defines an interval estimated to
have a level of confidence of 99 percent.
The corresponding relative expanded un-
certainty is U/l = 1,9 x 10

H.1.7 Second-order terms

The note to 5.1.2 points out that equation
(10), which is used in this example to ob-
tain the combined standard uncertainty
u(/), must be augmented when the nonlin-
earity of the function Y= f(X,, X, ..., X,) is
so significant that the higher-order terms
in the Taylor series expansion cannot be
neglected. Such is the case in this example,
and therefore the evaluation of u (/) as pre-
sented up to this point is not complete. Ap-
plication to equation (H.3) of the expres-
sion given in the note to 5.1.2 yields in fact
two distinct non-negligible second-order
terms to be added to equation (H.5). These
terms, which arise from the quadratic term
in the expression of the note, are

I2u* (Sa)u*(9) + I2u* (g )u? (56)

ale pouze prvni z téchto clend pfispiva
vyznamné k u (/):

but only the first of these terms contributes
significantly to u (/):
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lu(3a) u(d) = (0,05m) (0,58 x 10-¢ °C™) (0,41 °C) = 11,7 nm
Lu(agu(d6) = (0,05m) (1,2 x 10 °C") (0,029 °C) = 1,7 nm

Cleny druhého fadu zvysuji u (/) z 32 nm na
34 nm.

H.2 Simultanni méreni odporu
a reaktance

Tento pfiklad demonstruje zpracovani hro-
madnych mérenych veli¢in nebo vystup-
nich veli¢in uréenych soucasné ve stejném
méreni a korelaci jejich odhadd. Bere
v Uvahu pouze pozorovani nahodnych
kolisani; nejistota korekci systematickych
vlivd v aktudlni praxi by mohla také
prispivat k nejistoté vysledkd méreni.
Data jsou analyzovdna dvéma odliSnymi
zpusoby, ale oba v podstaté poskytuji stej-
né Ciselné hodnoty.

H.2.1 Uloha méfeni

Odpor R a reaktance X obvodového prvku
jsou uré¢ené mérenim amplitudy sinusového
stfidavého napéti V na jeho svorkach, ampli-
tudy stfidavého proudu /, ktery jim protéka
a Uhlu fazového posuvu ¢ stfidavého napéti
ve vztahu ke stfidavému proudu. Tfi vstup-
ni veli¢iny tedy jsou V, | a ¢ a tfi vystupni ve-
liciny — mérené veliciny — jsou tfi slozky im-
pedance R, X a Z. Protoze Z? = R? + X?, jsou
zde pouze dvé nezavislé vystupni veliciny.

H.2.2 Matematicky model a data
Mérené velic¢iny se vztahuji ke vstupnim
veli¢cindm podle Ohmova zakona:

4

The second-order terms increase u (/) from
32 nm to 34 nm.

H.2 Simultaneous resistance and
reactance

This example demonstrates the treatment
of multiple measurands or output quanti-
ties determined simultaneously in the same
measurement and the correlation of their
estimates. It considers only the random
variations of the observations; in actual
practice, the uncertainties of corrections
for systematic effects would also contribu-
te to the uncertainty of the measurement
results. The data are analysed in two diffe-
rent ways with each yielding essentially the
same numerical values.

H.2.1 The measurement problem

The resistance R and the reactance X of
a circuit element are determined by mea-
suring the amplitude V of a sinusoidally-
alternating potential difference across its
terminals, the amplitude / of the alternat-
ing current passing through it, and the
phase-shift angle ¢ of the alternating po-
tential difference relative to the alternat-
ing current. Thus the three input quanti-
ties are V, | and ¢ and the three output
quantities — the measurands — are the three
impedance components R, X, and Z. Since
Z* = R? + X?, there are only two indepen-
dent output quantities.

H.2.2 Mathematical model and data

The measurands are related to the input
quantities by Ohm’s law:

R=— cos®; X:K sing; Z:K
/ / /

(H.7)
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Predpoklada se, ze pét nezavislych mnozin
soucasnych pozorovani vstupnich veli¢in
V, | a ¢ je ziskdno za stejnych podminek
(viz B.2.15) a vysledkem jsou data uve-
dena v tabulce H.2. Dale jsou také uve-
deny aritmetické priméry téchto pozo-
rovani a vybérové smeérodatné odchylky
téchto pramérd vypocitanych z rovnic (3)
a (5) v 4.2. Stredni hodnoty jsou brany
jako nejlepsi odhady ocekdvanych hodnot
vstupnich veli¢in a vybérové smérodatné
odchylky jsou standardni nejistoty téchto
stfednich hodnot.

JelikoZ stfedni hodnoty V, 7 a @ jsou zis-
kdny ze soucasnych pozorovani, jsou kore-
lované a korelace musi byt vzata v Uvahu
pfi hodnoceni standardnich nejistot mére-
nych veli¢in R, X a Z. Pozadované korelac¢-
ni koeficienty jsou snadno ziskany z rov-

nice (14) z 5.2.2 pouzitim hodnot s(V,7),

s(V,®) a s(7,P) vypocitanych z rovni-
ce (17) v 5.2.3. Vysledky jsou zahrnuty do
tabulky H.2, kde se ma myslet na to, Ze
obecné r(x, x/.) = r(x]., x)ar(x, x)=1.
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Consider that five independent sets of si-
multaneous observations of the three input
quantities V, I, and ¢ are obtained under
similar conditions (see B.2.15), resulting in
the data given in table H.2. The arithmetic
means of the observations and the experi-
mental standard deviations of those means
calculated from equations (3) and (5) in 4.2
are also given. The means are taken as the
best estimates of the expected values of
the input quantities, and the experimental
standard deviations are the standard un-
certainties of those means.

Because the means V, 7, and @ are
obtained from simultaneous observa-
tions, they are correlated and the corre-
lations must be taken into account in the
evaluation of the standard uncertainties
of the measurands R, X, and Z. The re-
quired correlation coefficients are readily
obtained from equation (14) in 5.2.2 using

values of s(V,7), s(V,®), and s(7,®) cal-
culated from equation ( 17) in 5.2.3. The
results are included in table H.2, where it
should be recailed that r(x, x].) = r(x]., x) and
rix, x) =1.
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Tabulka H.2 — Hodnoty vstupnich velicin V, I a @ ziskanych z péti sad souc¢asnych pozorovani

Table H.2 - Values of the input quantities V, /, and & obtained from five sets of
simultaneous observations

Cislo sady pozorovani Vstupni velic¢iny
Set number Input quantities
B 4 / D
(V) (mA) (rad)
1 5,007 19,663 1,045 6
2 4,994 19,639 1,043 8
3 5,005 19,640 1,046 8
4 4,990 19,685 1,042 8
5 4,999 19,678 1,043 3
Aritmeticky primér _ _ _
Arithmetic mean V =4,9990 I =19,6610 ¢ = 1,044 46
Vybérova smérodatna
odchylka stfednich
~ hodnot s(V)= 0,003 2 s(7)= 0,009 5 s(#) = 0,000 75
Experimental standard
deviation of mean

korelacni koeficienty
Correlation coefficients

r(v,7=| 936
r(v,9)=| %%
r(1.9)- |

H.2.3 Vysledky: prvni pfistup

Prvni pfistup je shrnut v tabulce H.3.
Hodnoty tfi mérenych veli¢in R, X a Z jsou
ziskany ze vztahU uvedenych v rovnici
(H.7) pouzitim stfednich hodnot V, 7 a &
uvedenych v tabulce H.2 pro V, I a ¢. Stan-
dardni nejistoty R, X a Z jsou ziskany z rov-
nice (16) v 5.2.2 zatimco, jak bylo predtim
zjisténo, vstupni veli¢iny V', 7 a @ jsou ko-
relované. Jako priklad se uvazuje Z=V /7.
Ztotoznénim V sx, / sx,afs Z=V /7, rov-
nice (16) v 5.2.2 poskytuje kombinovanou
standardni nejistotu Z

H.2.3 Results: approach 1
Approach 1 is summarized in Table H .3.

The values of the three measurands R,
X, and Z are obtained from the relations
given in equation (H.7) using the mean
values V, 7, and @ of table H.2 for V, I,
and ¢. The standard uncertainties of R, X,
and Z are obtained from equation (16) in
5.2.2 since, as pointed out above, the input
quantities VV, 7, and @ are correlated. As
an example, consider Z =V /7. Identifying
V with x,, 7 with x, and fwith Z=V /7,
equation (16) in 5.2.2 yields for the com-
bined standard uncertainty of Z
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U2 (Z) =w (V) + uP(7) —2u,(V)u,(T)r(V,T)

kde wu(V)=s(V),u(7)=s(7) a index ,r"
v poslednim vyrazu vyjadfuje, ze u je re-
lativni nejistota. Dosazenim vhodnych
Ciselnych hodnot z tabulky H.2 do rovnice
(H.8a) potom je u (2) = 0,236 Q.

Protoze mérené veliciny nebo vystup-
ni veli¢iny jsou zavislé na stejnych vstup-
nich veli¢inach, jsou také korelované.
Cleny kovarian¢ni matice, které popisu-
ji tuto korelaci, se mohou obecné napsat
nasledovné:

u(yl'ym):zz

i=1 j=1 i

kdey,=f/(x, X, .. x)ay =f (X, X, ... X).
Rovnice (H.9) je zobecnénim rovnice (F.2)
v F.1.2.3, kdyZ g, v tomto vyrazu jsou ko-
relované. Odhadnuté korela¢ni koeficien-
ty vystupnich veli¢in jsou dany vztahem
r(y, y_)=uly, y uly)u(y ), jak je uvedeno
v rovnici (14) v 5.2.2. Musi byt brano v uva-
hu, Ze diagonalni ¢leny kovarianni matice
u(y, y,) = u’(y,), jsou odhadem varianci vy-
stupnich velicin y,(viz 5.2.2, poznamka 2), a
Zze pro m =1 je rovnice (H.9) identickd s rov-
nici (16) v 5.2.2.

K pouziti rovnice (H.9) v tomto pfikladu jsou
provadény nasledujici urceni:

y,=R

X

v
r (H.8a)
—)T -27? {LV)} {@} r(\V,7)
4 / (H.8b)
or
(H.80)

where u(V)=s(V),u(7)=s(7), and the sub-
script “r” in the last expression indicates that
u is a relative uncertainty Substitution of the
appropriate values from table H.2 into equa-
tion (H.8a) then gives u (2)= 0,236 Q.

Because the three measurands or out-
put quantities depend on the same input
quantities, they too are correlated. The el-
ements of the covariance matrix that de-
scribes this correlation may be written in
general as

%@’_mu(xi)u(x,)r(xi,X,)
X .

J

(H.9)
where y, = f(x,, x,, ..., x) and y_ = f _(x,,
X, ..., X). Equation (H.9) is a generaliza-
tion of equation (F.2) in F.1.2.3 when the
g, in that expression are correlated. The
estimated correlation coefficients of the
output quantities are given by r(y, y )
= u(y, y Mu(y)u(y ), as indicated in equa-
tion (14) in 5.2.2. It should be recognized

that the diagonal elements of the covari-
ance matrix, u(y, y,) = u’(y), are the esti-
mated variances of the output quantities y,
(see 5.2.2, note 2) and that for m =/, equa-
tion (H.9) is identical to equation (16) in
5.2.2.

To apply equation (H.9) to this example,
the following identifications are made:

=V

: u(x) = s(x)
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y,=X
y,=2

Vysledky vypoctlh R, X a Z a jejich odhadnu-
tych rozptyld a korela¢ni koeficienty jsou

uvedeny v tabulce H.3.
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x,= 1

X,= @

The results of the calculations of R, X, and
Z and of their estimated variances and
correlation coefficients are given in table

H.3.

Tabulka H.3 - Vypocitané hodnoty vystupnich velicin R, X a Z: prvni pfistup

Table H.3 - Calculated values of the output quantities R, X and Z: approach 1

Index mérené veliciny
/

Vztah mezi odhadem
mérené veliciny
y, a vstupnim odhadem x;

Hodnota odhadu y,
ktera je
mérenou veli¢inou

Kombinovana standardni
nejistota u (y)
mérenych velicin

Measurand
index
I

Relationship between
estimate of measurand
y, and input estimates x,

Value of estimate
¥, which is the
result of measurement

Combined standard
uncertainty u (y)
of result of measurement

1

y,=R= (VII)cos ¢

y,=R=127,732 0

u(R) =0,0710Q

u(R)/R =0,06 x 1072

y,=X= (VII)sin ¢

y,=X=219,847 Q

u(X) = 0,295 Q

u (X)/X =0,13x 102

y,=2Z=VII

Y, =2=254,260 Q

u(2)=0,236Q

u(2)/Z=0,09x 102

korela¢ni koeficienty r (y, y,)

Correlation coefficients r (y, y,)

ry, y,) =r(R, X) =-0,588
r(y, y,) =r(R, 2) =-0,485
r (yzl y3) = r(Xl Z) = 0,993
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H.2.4 Vysledky: druhy pfistup
Druhy pfistup je shrnut v tabulce H.4.

Ackoliv data byla ziskana jako pét sad po-
zorovani tfi vstupnich veli¢cin V, I a ¢, je
mozné vypocitat hodnotu pro R, X a Z z
kazdé sady vstupnich dat a potom vytvorit
aritmeticky prdmér z péti jednotlivych ho-
dnot k ziskani nejlepsich odhadud R, X a Z.
Vybérova smérodatnd odchylka kazdého
praméru (ktera je jeho kombinovanou
standardni nejistotou) je potom obvyklym
zpusobem vypoditana z péti jednotlivych
hodnot [rovnice (5) v 4.2.3]. Odhady kova-
rianci tfi prméru jsou vypocitany aplikaci
rovnice (17) v 5.2.3 pfimo na pét jednot-
livych hodnot, ze kterych je kazdy pramér
vypocitan. Nejsou zadné rozdily mezi
vystupnimi hodnotami, standardnimi nejisto-
tami a odhady kovarianci, které vychazeji ze
dvou pfistupd kromé vlivGi druhého fadu,
prislusnych k nahrazeni ¢lenl takovych,
jako V /7 a cos@ prvky V /7 a cos ®.

Ke znazornéni tohoto pfistupu uvadi ta-
bulka H.4 hodnoty R, X a Z vypocitané pro
kazdou z péti sad pozorovani. Aritmetické
primeéry, standardni nejistoty a odhady
korela¢nich koeficientl jsou potom pfimo
vypocitdny z téchto jednotlivych hodnot.
Ciselné vysledky ziskané timto zpuUsobem
jsou zanedbatelné odlisné od vysledkl
uvedenych v tabulce H.3.
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H.2.4 Results: approach 2
Approach 2 is summarized in table H.4.

Since the data have been obtained as five
sets of observations of the three input
quantities V, /, and ¢, it is possible to com-
pute a value for R, X, and Z from each set
of input data, and then take the arithmetic
mean of the five individual values to ob-
tain the best estimates of R, X, and Z. The
experimental standard deviation of each
mean (which is its combined standard un-
certainty) is then calculated from the five
individual values in the usual way [equa-
tion (5) in 4.2.3]; and the estimated covari-
ances of the three means are calculated by
applying equation (17) in 5.2.3 directly to
the five individual values from which each
mean is obtained. There are no differences
in the output values, standard uncertainties,
and estimated covariances provided by the
two approaches except for second-order
effects associated with replacing terms

suchas V/7 and cos®@by V /7 and cos @.

To demonstrate this approach, table H.4
gives the values of R, X and Z calculated
from each of the five sets of observations.
The arithmetic means, standard uncertain-
ties, and estimated correlation coefficients
are then directly computed from these in-
dividual values. The numerical results ob-
tained in this way are negligibly different
from the results given in table H.3.
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Tabulka H.4 - Vypocitané hodnoty vystupnich velic¢in R, X a Z: druhy pfistup

Table H.4 - Calculated values of the outpu quantities R, X, and Z: approach 2

Cislo pozorovani

Jednotlivé hodnoty mérenych veli¢in

Set number Individual values of measurands
P R = (V/I) cos ¢ X = (V/I) sin ¢ Z=Vi
(@) (©) (Q)
1 127,67 220,32 254,64
2 127,89 219,79 254,29
3 127,51 220,64 254,84
4 127,71 218,97 253,49
5 127,88 219,51 254,04

Aritmeticky primér B
Arithmetic mean v, = R =127732

y,= X =219,847 y,= £ = 254,260

Vybérova smérodatnd
odchylka stfednich

hodnot s(ﬁ) 0,071

Experimental standard
deviation of mean

s(X) =0,295 s(2) =0,236

Korela¢ni koeficienty r(y, y,)

Correlation coefficients r(y, y_)

r(y,y,) = r(R,X) =-0,588

r(y, y,) = r(R,2) =-0,485

r(y, y,) = r(X,2) =0,993

V terminologii poznamky k 4.1.4, je druhy
pristup priklad toho, jak ziskat odhad y z

vyrazu Y = (ZZ=1 Yk)/ n, zatimco prvni pFi-
stup je priklad toho, jak ziskat y z vyrazu

y = f(X,X,, ..., X,). Jak bylo vysvétleno
v této pozndmce, oba pfistupy obecné po-
davaji identické vysledky, jestlize f je linear-
ni funkci svych vstupnich veli¢in (za pfedpo-
kladu, ze experimentdlné zjisténé korelacni
koeficienty jsou brany v uvahu pfi aplikaci
prvniho pfistupu). Jestlize f neni linearni
funkce, potom se vysledky prvniho pfistupu
budou liSit od vysledkd druhého pfistupu
v zavislosti na stupni nelinearity a na od-
hadnutych rozptylech a kovarianci X. To
muze byt jasné z vyrazu

In the terminology of the Note to 4.1.4, ap-
proach 2 is an example of obtaining the es-

timate y from Y = (Z:=1 Yk)/n, while ap-
proach 1 is an example of obtaining y from

y = f(X,,X,, ..., X,). As pointed out in
that note, in general, the two approaches
will give identical results if f is a linear func-
tion of its input quantities (provided that
the experimentally observed correlation co-
efficients are taken into account when im-
plementing approach 1). If f is not a linear
function, then the results of approach 1 will
differ from those of approach 2 depending
on the degree of nonlinearity and the esti-
mated variances and covariances of the X.
This may be seen from the expression
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y=Ff(X,X,, ...

kde druhy ¢len pravé strany rovnice je ¢len
druhého fadu rozvoje Taylorovy fady pro

f pomoci pramér X, (viz také 5.1.2, poz-
namka). Druhy pfistup v tomto pripadé je
preferovdn, protoze se vyvaruje aproxi-

mace y = f(X,,X,, ..., X,) a lépe odrazi
pouzity postup mérfeni - data byla ve
skutec¢nosti sbirana v blocich.

Na druhé strané, druhy pfistup by mohl byt
nevhodny, pokud by data v tabulce H.2 byla
ziskana v nasledujicim pofadi: n.= 5 pozo-
rovani napéti V, potom n,= 5 pozorovani
proudu / a potom n,= 5 pozorovani faze ¢;
a bylo by nemozné, kdyby n, # n, # n,. (Ve
skute¢nosti, je S3Spatny postup provadét
méreni timto zpusobem, nebot napéti pres
fixni impedanci a protékajici proud jsou
v relaci.)

Jestlize jsou data v tabulce H.2 vysvétlena
timto zpusobem tak, ze druhy pfistup je
nevhodny, a kdyz se predpoklada, ze chybi
korelace mezi veli¢inami V, I a ¢, tak pozo-
rované korelacni koeficienty nemaji zadny
vyznam a maji se dosadit nulové. Jestlize se
to tak provede v tabulce H.2, rovnice (H.9)
se zredukuje na ekvivalent rovnice (F.2)
v F.1.2.3, jmenovité
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1Y °f S o
— —u(X,, X)) +...
222 o ax, KX

(H.10)

where the second term on the right-hand
side is the second-order term in the Taylor

series expansion of f in terms of the X,
(see also 5.1.2, note). In the present case
approach 2 is preferred because it avoids

the y = f(X,,X,, ..., X,) and better re-
flects the measurement procedure used —
the data were in fact collected in sets.

On the other hand, approach 2 would be in-
appropriate if the data of table H.2 repre-
sented n, = 5 observations of the potential
difference V, followed by n, = 5 observa-
tions of the current /, and then followed
by n, = 5 observations of the phase ¢, and
would be impossible if n,#n, #n,. (It isin
fact poor measurement procedure to carry
out the measurements in this way since the
potential difference across a fixed imped-
ance and the current through it are directly
related.)

If the data of table H.2 are reinterpreted in
this manner so that approach 2. is inap-
propriate, and if correlations among the
quantities V, I, and ¢ are assumed to be
absent, then the observed correlation co-
efficients have no significance and should
be set equal to zero. If this is done in table
H.2, equation (H.9) reduces to the equiva-
lent of equation (F.2) in F.1.2.3, namely,

oy, 0
Uy, y,)=> D Ym 2 (x)

a jeji pouziti pro udaje v tabulce H.2 vede ke
zménam v tabulce H.3, jak je uvedeno v ta-

bulce H.5

0X; OX;
(H.11)
and its application to the data of table H.2

leads to the changes in table H.3 shown in
table H.5.
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Tabulka H.5 - Zmény v tabulce H.3 za predpokladu, Ze korelacni koeficienty v tabulce H.2

jsou nulové

Table H.5 - Changes in table H.3 under the assumption that the correlation coefficients of

table H 2 are zero

Kombinovana standardni nejistota u (y) vysledku méfeni
Combined standard uncertainty u (y) of result of measurement

u(R)=0,195Q
U(RVR = 0,15 x 102

u(X)=0,201Q
u (X)/X=0,09x 107

u(2)=0,204 0
u(2)/Z=0,08 x 107

korela¢ni koeficienty r(y, y,)
Correlation coefficients r(y, y,)

ry, y,) = r(R, X) = 0,056
r(y, y,) =r(R, 2) = 0,527
rly, y,) =r(X, 2) = 0,878

H.3 Kalibrace teploméru

Tento priklad vyjadfuje pouziti meto-
dy nejmensich ¢tverct k ziskani linedrni
kalibra¢ni krivky a jak jsou z kfivky pouzity
parametry jejiho grafu, uUseku (na ose)
a sklonu (smérnice pfimky), jakoz i odhady
rozptyld a kovariance, k ziskani hodnoty
a standardni nejistoty predvidané korekce.

H.3.1 Uloha méfeni

Teplomér je kalibrovan porovnanim n = 11
odectd teploty t, z teploméru, kazda ma za-
nedbatelnou nejistotu s odpovidajicimi zna-
mymi referencnimi hodnotami teploty t.,
v rozsahu teploty od 21 °C do 27 °C k ziskani
korekci b, = t,, — t, méfenych hodnot tep-
loty. Méfené korekce b, a mérené teploty
t, jsou vstupni veli¢iny hodnoceni. Linearni
kalibracni kfivka

b(t)=y, +y, (t-1t)

H.3 Calibration of a thermometer

This example illustrates the use of the
method of least squares to obtain a linear
calibration curve and how the parameters
of the fit, the intercept and slope, and
their estimated variances and covariance,
are used to obtain from the curve the val-
ue and standard uncertainty of a predicted
correction.

H.3.1 The measurement problem
A thermometer is calibrated by compar-
ing n = 11 temperature readings t, of the

thermometer, each having negligible un-
certainty, with corresponding known ref-
erence temperatures t,, in the tempera-

ture range 21 °C to 27 °C to obtain the
corrections b, = t,, - t, to the readings. The

measured corrections b, and measured tem-
peratures t, are the input quantities of the
evaluation. A linear calibration curve

(H.7)
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je prizpUsobena k mérenym korekcim a tep-
lotdm pomoci metody nejmensich ctverca.
Parametry y, a y,, které jsou usekem, even-
tuelné sklonem, kalibra¢ni kfivky, jsou dvé
mérfené veli¢iny nebo vystupni veliciny,
které musi byt urceny. Teplota ¢, je vhod-
né vybranou presnou referencni teplotou;
neni to nezavisly parametr, ktery musi byt
ur¢en metodou nejmensich ¢tverca. Jakmi-
le y, a y,jsou nalezeny spolecné s jejich od-
hadnutymi rozptyly a kovarianci, rovnice
(H.12) mUze byt pouzita k predvidani hod-
noty a standardni nejistoty korekce, které
musi byt pouzity u teploméru pro jakékoliv
hodnoty teploty t.

H.3.2 Prizplsobeni podle metody
nejmensich ctverci

Na zakladé metody nejmensich ¢tverct a za
predpokladl uvedenych v H.3.1, jsou vystup-
ni veli¢iny y, a y, a jejich odhadnuté rozptyly
a kovariance ziskany minimalizaci souctu

n
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is fitted to the measured corrections and
temperatures by the method of least
squares. The parameters y, and y,, which
are respectively the intercept and slope
of the calibration curve, are the two mea-
surands or output quantities to be deter-
mined. The temperature t_ is a conveniently
chosen exact reference temperature; it is not
an independent parameter to be deter-
mined by the least-squares fit. Once y, and
y, are found, along with their estimated
variances and covariance, equation (H.12)
can be used to predict the value and stan-
dard uncertainty of the correction to be
applied to the thermometer for any value
t of the temperature.

H.3.2 Least-squares fitting

Based on the method of least squares and
under the assumptions made in H.3.1 above,
the output quantities y, and y, and their es-

timated variances and covariance are ob-
tained by minimizing the sum

5= [bk — Y, =y, (t, _to)]2

k=1

To vede k nasledujici rovnici pro y, a y,
jejichz vybérové rozptyly jsou s(y,) a s*(y,)
a odhad jejich korela¢niho koeficientu je
r(y, ¥,) = sy, y,)s(y)s(y,), kde s(y,, y,) je

odhad jejich kovariance:

This leads to the following equations for
¥, ¥, their experimental variances s*(y,) and

s?(y,), and their estimated correlation coef-
ficient r(y,, y,) = s(y,, y,)/s(y)s(y,), where
s(y,. ,) is their estimated covariance:

(Zbk) (ZHIE)_(Zkak) (zek)

Yi=

D (H.13a)

Y,

s(y,) =

_nZbg ~(Ih,) (26,)

b (H.13b)
N
b (H.13¢)
52
s (y.)) =n—
© D (H.13d)
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r(y1l yz) =-

SZ
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D=nY 0 —(26,V=n>(6, -0) =n>(t, —t)

kde viechny soucty jsou od k = 1 do n,
0, =t -t, 60=(6)/n, a t=(t)/n;
[b, - b(t)] je rozdil mezi méfenou nebo po-
zorovanou korekci b, pfi teploté t, a korek-
ci b(t) predvidanou pomoci pfizpGsobeni
krivky b(t) = y, + y,(t - t)) pfi t,. Rozptyl s
je mira celkové nejistoty krivky, kde jmeno-
vatel n — 2 odrazi skute¢nost, Ze oba para-
metry, y, a y,, jsou ureny z n nezavislych
pozorovani tak, ze pro s?je pocet stupriu
volnosti v =n -2 (viz G.3.3).

H.3.3 Vypocet vysledku

Pouzita data jsou uvedena ve druhém
a tretim sloupci tabulky H.6. Vezme-li se
t,= 20 °C jako referencni teplota, pouZziti
rovnic (H.13a) az (H.13g) poskytuje:

y,=-0,1712°C
y,=0,002 18
r(y,, y,) =-0,930

Skutecnost, Ze sklon y, je vice nez tfikrat
vétsi nezZ jeji standardni nejistota, ukazuje,
Ze je pozadovdna kalibrac¢ni kfivka a ne pev-
na primérna korekce.

Kalibra¢ni kfivku je dovoleno psat nasle-
dovné

Zek
Nn2.0; (H.13e)

_ 3lb, - b(t,)F
n-2 (H.13f)
(H.130)

where all sums are from k = 1 to n, 6,
=t -t, 0=(26)/n, and t=(Xt,)/n;
[b, — b(t)] is the difference between the
measured or observed correction b, at the
temperature t, and the correction b(t,) pre-
dicted by the fitted curve b(t) = y, + y,(t - t))
at t,. The variance s? is a measure of the

overall uncertainty of the fit, where the
factor n - 2 reflects the fact that because
two parameters, y, and y,, are determined

by the n observations, the degrees of free-
dom of s?isv=n-2 (see G.3.3).

H.3.3 Calculation of results

The data to be fitted are given in the

second and third columns of table H.6.
Taking t, = 20 °C as the reference tempera-

ture, application of equations (H.13a) to
(H.139) yields

s(y,) = 0,002 9 °C

s(y,) = 0,000 67

s=0,0035 °C

The fact that the slope y, is more than three

times larger than its standard uncertainty
provides some indication that a calibration
curve and not a fixed average correction is
required.

The calibration curve may then be written
as

b(t) =-0,171 2(29) °C + 0,002 18(67) (t — 20 °C)

(H.14)
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kde cislice v zavorkach jsou Cciselné hod-
noty standardnich nejistot odkazujici
na prislusné posledni ¢islice oznacenych
vysledkd pro usek a sklon (viz 7.2.2). Tato
rovnice dava predvidanou hodnotu korek-
ce b(t) pri jakékoliv teploté t, zvlasté pak
hodnotu b(t) pfi t = t,. Tyto hodnoty jsou
dany ve ¢tvrtém sloupci tabulky, zatimco pos-
ledni sloupec uvadi rozdily mezi méfenymi
velicinami a predvidanymi hodnotami
b, - b(t). Analyza téchto rozdild muze
byt pouzita k ovéreni platnosti linedrniho
modelu; existuji formalni zkousky (viz ci-
tace [8]), ale nejsou v tomto prikladu vzaty
v uvahu.
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where the numbers in parentheses are the
numerical values of the standard uncertain-
ties referred to the corresponding last digits
of the quoted results for the intercept and
slope (see 7.2.2). This equation gives the
predicted value of the correction b(t) at any
temperature t, and in particular the value
b(t) at t = t,. These values are given in the
fourth column of the table while the last
column gives the differences between the
measured and predicted values, b, — b(t).
An analysis of these differences can be used
to check the validity of the linear model;
formal tests exist (see reference [8]), but are
not considered in this example.

Tabulka H.6 - Pouzita data k ziskani linearni kalibracni kfivky pro teplomér pomoci

metody nejmensich ¢tverct

Table H.6 — Data used to obtain a linear calibration curve for a thermometer by the meth-

od of least squares

Cislo Odecet teploméru Pozorovana korekce | Predvidana korekce Rozdil mezi
odectu pozorovanou
a predvidanou korekci
Reading Thermometer Observed correction | Predicted correction Difference between
number reading observed and
predicted correction
k t, b =t -t b(t,) b, -b(t)
(°Q O (O (°Q
1 21,521 -0,171 -0,167 9 -0,003 1
2 22,012 -0,169 -0,166 8 -0,002 2
3 22,512 -0,166 -0,1657 -0,000 3
4 23,003 -0,159 -0,164 6 +0,005 6
5 23,507 -0,164 -0,163 5 -0,000 5
6 23,999 -0,165 -0,162 5 -0,002 5
7 24,513 -0,156 -0,1614 +0,005 4
8 25,002 -0,157 -0,160 3 +0,003 3
9 25,503 -0,159 -0,159 2 +0,000 2
10 26,010 -0,161 -0,158 1 -0,002 9
11 26,511 -0,160 -0,157 0 -0,003 0
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H.3.4 Nejistota pfedvidané hodnoty

Vyraz pro kombinovanou standardni nejis-
totu predvidané hodnoty korekce muze
byt snadno ziskan pomoci zdkona o Sifeni
nejistoty, rovnice (16) v 5.2.2 do rovnice
(H.12). Konstatovanim, Ze b(t) = f(y,, y,)
a zapsanim u(y,) = s(y,) a u(y,) = s(y,), se
muUze obdrzet
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H.3.4 Uncertainty of a predicted value

The expression for the combined standard
uncertainty of the predicted value of a cor-
rection can be readily obtained by apply-
ing the law of propagation of uncertainty,
equation (16) in 5.2.2, to equation (H.12).
Noting that b(t) = f(y,, y,) and writing u(y,)
= s(y,) and u(y,) = s(y,), one obtains

uZlb(t)]=u(y,) + (t -t )2u(y,) +2(t - t)) uly,) u(y,) rly,. y,)

Odhad rozptylu uf[b(t)] je minimalni pfri
t. =t — uly)ly, y)uly,) ktera v pred-

loZzeném pripadé je t . = 24,008 5 °C.

Jako priklad pouziti rovnice (H.15) se
predpoklada potreba korekce teploméru
a jeho nejistoty pfi t = 30 °C, pficemz tato
teplota lezi mimo rozsah, ve kterém byl
teplomér vlastné kalibrovan. Dosazenim
t =30 °Cdo rovnice (H.14) je

b(30 °C) =-0,149 4 °C

zatimco rovnice (H.15) bude mit nasledujici
tvar:

(H.15)
The estimated variance is u’[b(t)] a mini-
mum at t =t - u(y)ry, y,)u(y,), which
in the present case is t . = 24,008 5 °C.
As an example of the use of equation
(H.15), consider that one requires the ther-
mometer correction and its uncertainty at
t = 30 °C, which is outside the temperature
range in which the thermometer was actu-
ally calibrated. Substituting t =30 °Cin equa-
tion (H.14) gives

b(30 °C) =-0,149 4 °C

while equation (H.15) becomes

u?[b(30 °C)]= (0,002 9 °C)? + (10 °C)?(0,000 67)%+ 2 (10 °C)(0,002 9 °C)(0,000 67)(-0,930)
=17,1x10°°C?

nebo

or

u [b(30 °C)] = 0,004 1 °C

Tedy korekce pfi teploté 30 °C je — 0,149 4 °C
s kombinovanou standardni nejistotou
u.=0,004 1°C, kterd madv=n-2 =9 stupnd
volnosti pro u..

Thus the correction at 30 °C is —0,149 4 °C,
with a combined standard uncertain-
ty of u_= 0,004 1 °C, and with u_having
v=n-2=9degrees of freedom.
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H.3.5 Eliminace korelace mezi sklonem
a usekem

Rovnice (H.13e) pro korelac¢ni koeficient
r(y,, ¥,) naznaluje, Ze jestliZe t, je vybrana

tak, ze 3" 6, =>" (t, —t,)=0,
r(y,, ¥,) = 0 a y, a y,budou nekorelované,
¢imz se zjednodusuje vypocet standard-
ni nejistoty predvidané korekce. Zatimco

> 0,=0,kdyz t,=t =3 t)/n

a v predlozeném pfipadé t = 24,008 5 °C,
opakovdnim pouziti metody nejmensich
Ctverch pii t, = t = 24,008 5 °C by mélo da-
vat hodnoty y, a y,, které nejsou korelacni.

potom

(Teplota t je také teplota, pfi které u2[b(t)]
je minimalni; viz H.3.4.) Avsak, opakovani
pouziti neni dulezité, protoze lze ukazat,
ze
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H.3.5 Elimination of the correlation
between the slope and intercept

Equation (H.13e) for the correlation coeffi-
cient r(y,, y,) implies that if t  is so chosen
that >0 6, => (t,—-t)=0,  then
r(y,, y,) = 0 and y, and y, will be uncorre-

lated, thereby simplifying the computa-
tion of the standard uncertainty of a pre-

dicted correction. Since Zzﬂek:o when

t,=t=(, t)/n, and t = 24,008 5 °C
in the present case, repeating the least-

squares fit with t, = t = 24,008 5 °C would
lead to values of y, and y, that are uncor-

related. (The temperature t is also the tem-
perature at which u?[b(t)] is @ minimum - see
H.3.4.) However, repeating the fit is unnec-
essary because it can be shown that

b(t) = y; +y,(t -t)

bt =u’(y)) + (t TV u’(y,)

kde

(H.16a)
(H.16b)
r(Y{:y2)=0 (H.169)
.16¢
Where

y1'=y1+y2(?_to)
t=t,-sly,)ry,y,) /sy,
Py =s,(y) [1 -y, y,)]

a v rovnici (H.16b), bylo provedeno dosa-

zeni u(y;) =s(y;) a uly,) = s(y,) [viz rovnice
(H.15)].

Pouziti téchto vztahd u vysledkd uvedenych
v H.3.3 poskytuje

and in writing equation (H.16b), the substi-
tutions u(y;) =s(y;) and u(y,) = s(y,) have
been made [see equation (H.15)].

Application of these relations to the results
given in H.3.3 yields

b(t) =-0,162 5(11) +0,002 18(67) (t — 24,008 5° C)

(H.17a)

u’[b(t)] = (0,001 1)+ (t - 24,008 5 °C)? (0,000 67)2

(H.17b)
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Ze tyto vyrazy davaji stejné vysledky jako
rovnice (H.14) a (H.15), mUze byt zkont-
rolovano opakovanim vypoc¢tu b(30 °C)
a u [b(30 °C)]. Dosazeni t = 30 °C v rovnici
(H.17a) a (H.17b) poskytuje
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That these expressions give the same re-
sults as equations (H.14) and (H.15) can
be checked by repeating the calculation
of b(30 °C) and u [b(30 °C)]. The substitu-
tion of t = 30 °Cinto equations (H.17a) and
(H.17b) yields

b(30 °C) =-0,149 4 °C
u [b(30° )] = 0,041 °C

které jsou identické s vysledky ziskanymi
v H.3.4. Odhad kovariance mezi dvémi
predvidanymi korekcemi b(t) a b(t,) je do-
voleno ziskat z rovnice (H.9) v H.2.3.
H.3.6 Dalsi uvahy
Metoda nejmensich ¢&tvercd mulze byt
pouzita k pfizpUsobeni kfivky vyssiho fadu
k bodim méreni. Mlze byt také pouzita
v pfipadech, kdy jednotlivé body méreni
vykazuji nejistoty. Podrobnosti na tato té-
mata se maji brat z uvedenych textu [8].
Nicméné nasledujici priklady ukazuji dva
pripady, kde se nepredpoklada, ze namérené
korekce b, jsou pfesné znamy:
1) Bude-li mit kazda t, zanedbatelnou nejis-
totu, bude-li kazda z n hodnot ¢t ziskana

z fady m opakovanych odectu a bude-li
sdruzeny odhad roztylu takovych odectu
zalozen na velkém poctu dat ziska-

vanych po dobu nékolika mésicu s;. Po-
tom odhad rozptylukazdé t,, je s2 /m = ug
a korekce pozorovani b, =t -t ma stej-
nou standardni nejistotu u,. Za téchto

okolnosti (a za predpokladu, Ze neni
zadny ddvod se domnivat, Ze linedrni

model je nespravny) u; nahradi s?v rov-
nicich (H.13c) a (H.13d).

POZNAMKA

Sdruzeny odhad rozptylu ss na zakladé N nezdvislych
pozorovani stejné ndhodné veliciny je ziskan z

2 _
Sp—

>

j=

1
N
=1

which are identical to the results obtained
in H.3.4. The estimated covariance between
two predicted corrections b(t,) and b(t,) may
be obtained from equation (H.9) in H.2.3.
H.3.6 Other consideratio
The least-squares method can be used to
fit higher-order curves to data points, and
is also applicable to cases where the individ-
ual data points have uncertainties. Standard
texts on the subject should be consulted
for details [8]. However, the following ex-
amples illustrate two cases where the mea-
sured corrections b, are not assumed to be
exactly known.

1) Let each t,_have negligible uncertainty,
let each of the n values t, , be obtained
from aseriesof mrepeated readings, and
let the pooled estimate of variance for
such readings based on a large amount of

data obtained over several months be s:.
Then the estimated variance of each te k is

s;/m=u; and each observed correction
b =t , -t has the same standard un-
certainty u,. Under these circumstances

(and under the assumption that there is
no reason to believe that the linear mod-

el is incorrect), u; replaces s? equations
(H.13¢) and (H.13d).

NOTE

A pooled estimate of variance sg based on N series of

independent observations of the same random variable
is obtained from

2
V;S?

Vi
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kde s? je vybérovy rozptyl i-té fady n,opakovanych
nezavislych pozorovani [rovnice (4) v 4.2.2] a ma
v, = n, — 1 stupfd volnosti. Pocet stuprid volnos-

N
ti pro s je v= E Vi~ Wbeérovy rozptyl sz/m
i

(a vybérova smérodatna odchylka S / \/E ) aritme-
tického priiméru m nezavislych pozorovani charak-

terizovanych sdruzenym odhadem rozptylu s,f
ma také v stupnt volnosti.

2) Predpoklada se, Ze kazda t, ma zane-
dbatelnou nejistotu, Ze korekce ¢, je
pouZita pro kazdou z n hodnot ¢, a ze
kazda korekce ma stejnou standardni ne-
jistotu u_. Potom standardni nejistota
pro kazdé b, = t,, -t _je také u, a s’(y,)

je nahrazeno s(y,) + u? a s’(y;) je na-

hrazeno s*(y])+u?.
H.4 Meéreni radioaktivity
Tento priklad je podobny prikladu H.2, si-
multanniho mérfeni odporu a reaktance,
ve kterém data mohou byt analyzovdna
dvéma odlisSnymi zpUsoby, ale kazdy po-
skytuje v podstaté stejny ciselny vysledek.
Prvni pFistup opét zobrazuje potfebu brat
v uvahu pozorované korelace mezi vstup-
nimi veli¢cinami.
H.4.1
Nezndma radonova (**Rn) koncentrace
aktivity ve vzorku vody je uréena pomoci
tekutého scintila¢niho méfeni porovnanim
se vzorkem vody obohacenym radonem,
ktery md znamou koncentraci radioaktivi-
ty. Neznama aktivita koncentratu je ziska-
na méfenim tfi zdrojl obsahujicich zhruba
5 g vody a 12 g organické scintila¢ni emulse
v ampulce s objemem 22 ml:

Problém méreni

zdroje (a) etalonu skladajiciho se z hmoty
m; etalonového roztoku, ktery ma znamou
aktivitu;

zdroje (b) vzorku C(isté vody stejné
hmotnosti bez radioaktivhiho materialu,
pouzitého k ziskdni pozadi méreni;

SBORNIKY TECHNICKE HARMONIZACE 2012

where s? is the experimental variance of the
ith series of n, independent repeated observa-
tions [equation (4) in 4.2.2] and has degrees of

freedom v, = n, - 1. The degrees of freedom of s is

N
v= E Vi The experimental variance s2/m (and
=

the experimental standard deviation Sp /\/E) of
the arithmetic mean of m independent observations
characterized by the pooled estimate of variance

sg also has v degrees of freedom.

2) Suppose that each t, has negligible un-
certainty, that a correction ¢, is applied
to each of the n values [ and that each

correction has the same standard uncer-

tainty u,. Then the standard uncertainty

of each b, = t, , - t, is also u, and s*(y,)
is replaced by s(y,) + u? and s*(y;) is
replaced by s°(y!)+u’.

H.4 Measurement of Activity

This example is similar to example H.2, the
simultaneous measurement of resistance
and reactance, in that the data can be ana-
lysed in two different ways but each yields
essentially the same numerical result. The
first approach illustrates once again the
need to take the observed correlations be-
tween input quantities into account.

H.4.1 The measurement problem

The unknown radon (?*2Rn) activity con-
centration in a water sample is determined
by liquid-scintillation counting against
a radon-in-water standard sample having
a known activity concentration. The un-
known activity concentration is obtained
by measuring three counting sources con-
sisting of approximately 5 g of water and
12 g of organic emulsion scintillator in vials
of volume 22 mL:

Source (a) astandard consisting of a mass
m, of the standard solution with a known
activity concentration;

Source (b) a matched blank water sample

containing no radioactive material, used to
obtain the background counting rate
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zdroje () vzorku, s hmotnosti m s nezna-
mou aktivitou.

Sest cyklt méFeni se tfemi zdroji se provadi
v poradi etalon - (istda voda - vzorek;
a kazda mrtvad doba korigovaného inter-
valu méfeni T pro kazdy zdroj v pribéhu
vsech Sesti cykld je 60 minut. | kdyz pozadi
méreného poméru nemuze byt pokladano
za konstantni, predpoklada se, ze po celou
dobu intervalu méreni (65 hodin), hodno-
ty méreni ziskané pro kazdy cisty vzorek
mohou byt pouzity jako vyjadreni pozadi
méreného poméru v pribéhu méreni eta-
lonu a vzorku ve stejném cyklu. Data jsou
uvedena v tabulce H.7, kde jsou

t,t  Casy od referencni doby t = 0 do
stfedu mrtvé doby korigovaného
intervalu méfeni T, = 60 min pro
ampulky etalonu, cisté vody, re-
spektive vzorku; i kdyZ t neni
potfebna pro analyzu a je dana
pouze pro uplnost;

S’

C., €. hodnoty méfeni impulsi zapi-
sované v pribéhu korigované
mrtvé doby intervall méreni
T, =60 min pro ampulky etalonu,
Cisté vody, respektive vzorku.

S!

Pozorovana méreni mohou byt vyjadrena
takto
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Source (¢) the sample consisting of an
aliquot of mass m_with unknown activity
concentration.

Six cycles of measurement of the three
counting sources are made in the order
standard - blank — sample; and each dead-
time-corrected counting interval T for each
source during all six cycles is 60 minutes.
Although the background counting rate
cannot be assumed to be constant over the
entire counting interval (65 hours), it is as-
sumed that the number of counts obtained
for each blank may be used as represen-
tative of the background counting rate
during the measurements of the standard
and sample in the same cycle. The data are
given in table H.7, where

t,t,t

ot t, are the times from the reference

time t=0tothe midpointofthe
dead-time-corrected counting
intervals T, = 60 min for the
standard, blank, and sample
vials, respectively; although t,
is given for completeness, it is
not needed in the analysis;

C, C,, C_are the number of counts record-
ed in the dead-time-corrected
counting intervals T, = 60 min
for the standard, blank, and
sample vials, respectively.

The observed counts may be expressed a

_ At
C=GCG+eATme "5

(H.18a)

_ —At
C=CG+eATme" "

kde je

& ucinnost kapalinové scintilacni detekce
pro ?Rn pfi danén slozeni zdroje,
predpokladana jako nezavisla na urov-
ni aktivity;

A. koncentrace aktivity
referen¢nim case t = 0;

etalonu pfi

(H.18b)
where

¢ is the liquid scintillation detection ef-
ficiency for #22Rn for a given source
composition, assumed to be inde-
pendent of the activity level;

A, is the activity concentration of the
standard at the reference time t=0;
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A mérena velicina a je definovana jako
neznama koncentrace aktivity vzor-
ku pfri referen¢ni dobé t = 0;

m, hmotnost etalonového roztoku;
m_ hmotnost alikvotniho vzorku;
A konstanta rozpadu pro ?*’Rn:

A=(In2)/T, =1,258 94 x10~* min™"’
(T,, =5 505,8 min).
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A is the measurand and is defined as the
unknown activity concentration of
the sample at the reference time
t=0;

m, is the mass of the standard solution;

m_ is the mass of the sample aliquot;

A is the decay constant for #2?Rn:

A=(In2)/T, =1,258 94 x10~* min™’
(T,, =5 505,8 min).

Tabulka H.7 - Méfena data pro urceni koncentrace radioaktivity neznamého vzorku

Table H.7 - Counting data for determinining the activity concentration of an unknown

samle

Cyklus Etalon Cista voda Vzorek

Cycle Standard Blank Sample

B t, G t, G t C,

(min) (counts/pocet) | (min) (counts/pocet) | (min) (counts/pocet)

1 243,74 15 380 305,56 4 054 367,37 41432
2 984,53 14 978 1 046,10 3922 1107,66 38 706
3 1723,87 14 394 1785,43 4200 1 846,99 35 860
4 2 463,17 13 254 2524,73 3830 2 586,28 32 238
5 3217,56 12516 3279,12 3956 3 340,68 29 640
6 3 956,83 11058 4 018,38 3980 4 079,94 26 356

Rovnice (H.18a) a (H.18b) znaci, Zze ani
Sest individualnich hodnot C, ani C, uve-
denych v tabulce H.7, nemUze byt pfimo
zpramérovano z duvodu exponencialniho
rozpadu aktivity etalonu a vzorku a mir-
ného kolisdni pozadi méreni od jednoho
cyklu ke druhému. Namisto toho, se musi
reSit korekce rozpadu a korekce pozadi
méreni (méfeného podilu uréeného jako
polet méfeni déleny T = 60 min). Navrhuje
se slouceni rovnic (H.18a) a (H 18b) za ucelem
ziskani nasledujiciho vyrazu pro nezndmou
koncentraci pomoci znamych velicin:

A =f(A,mam,C,C,C,t

=A

Equations (H.18a) and (H.18b) indicate that
neither the six individual values of C, nor of
C given in table H.7 can be averaged direct-
ly because of the exponential decay of the
activity of the standard and sample, and
slight variations in background counts from
one cycle to another. Instead, one must
deal with the decay-corrected and back-
ground-corrected counts (or counting rates
defined as the number of counts divided by
T, = 60 min). This suggests combining equa-
tions (H.18a) and (H.18b) to obtain the fol-
lowing expression for the unknown concen-
tration in terms of the known quantities:

t,2)

B! “sf

m, (C, —C,)e* ™
*m, (C,-C,)e*"

(H.19)
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A

kde (C,-Cpe*™ a (C,-C,le*" jsou ko-
rekce pozadi méreni vzorku a etalonu pfi
referenénim ¢ase t = 0 a pro casovy in-
terval T = 60 min. Alternativné se mize

jednoduse psat

A, = fA, mg,

kde méreny pomér korekce pozadi a ko-
rekce rozpadu R _a R.jsou dané nasledovné
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m, C, -Gy e (tts)
X CS - C.B

3

where (C, —-C,)e* ™ and (C,-C,)e* " are,
respectively, the background-corrected
counts of the sample and the standard at
the reference time t = 0 and for the time
interval T, = 60 min. Alternatively, one may
simply write

mS RX

m. R

x 'S

m, Ry R) = A
(H.20)
where the background-corrected and
decay-corrected counting rates R_and R,
are given by

R =[(C,-C,)/Tle* "

(H.21a)

R, =[(C; - C,)/ TJe* ™

H.4.2 Analyza dat

Tabulka H.8 shrnuje hodnoty korekce po-
zadi a korekce rozpadu mérenych pomé-
rd R_a R, vypocitanych z rovnic (H.21a)
a (H.21b) pouzitim dat tabulky H.7 a pro
A= 1,258 94 x 10* min™, jak bylo dfive uve-
deno. Je tfeba poznamenat, ze pomér
R = R /R, je mnohem jednodussi vypocitat
z vyrazu

(H.21b)
H.4.2 Analysis of data

Table H.8 summarizes the values of the
background-corrected and decay-corrected
counting rates R, and R_calculated from
equations (H.21a) and (H.21b) using the
data of table H.7 and /=1, 258 94 x 10 min™’
given earlier. It should be noted that the ratio
R =R /R, is most simply calculated from the
expression

[(C, — C,)/(C, —C,)le* )

Aritmetické priméry R, R, a R a jejich vy-
bérové smérodatné odchylky s(R.) s(R,) a
s(R) jsou vypocitany obvyklym zplisobem
[rovnice (3) a (5) v 4.2]. Korela¢ni koeficient
r(R,,R,) je vypotitan z rovnice (17) v 5.2.3
a z rovnice (14) v 5.2.2.

The arithmetic means R, R,, and R, and
their experimental standard deviations

s(R,), s(R,), and s(R), are calculated in
the usual way [equations (3) and (5) in 4.2].

The correlation coefficient r(R,,R;) is calcu-

lated from equation (17) in 5.2.3 and equa-
tion (14) in 5.2.2.
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Z ddvodu porovnatelné malé proménli-
vosti hodnot R _a R,, podil prdimérd R, /R

a jeho standardni nejistota u(R, /R;) jsou
témeéF stejné jako pramér podilu R a jeho
vybérové smérodatné odchylky s(R), jak
je uvedeno v poslednim sloupci tabul-
ky H.8 [viz H.2.4 a rovnice (H.10)]. Avsak,

pii vypoctu standardni nejistoty u(R, /R;),
korelace mezi R a R, jak je vyjadfena

korelaénim koeficientem r(R_,R,), musi
byt brana v dvahu pouzitim rovnice (16)
v 5.2.2. [Tato rovnice pro odhad relativniho

rozptylu R, / R, poskytuje posledni tfi ¢leny
rovnice (H.22b).]

Ma se mit na =zfeteli, ze vybérova

smérodatna odchylka pro R_a R, \/ES(EX)

a \/gs(ﬁs), znadi rozptyl téchto velicin,
ktery je dvakrat az tfikrat vétsi nez rozptyl
obsazeny v Poissonové statistice postupu
méreni; druhy udaj je zahrnut do pozoro-
vaného rozptylu pocitani a nemusi se zvlast
brat v uvahu.
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Because of the comparatively small vari-
ability of the values of R _and of R, the

ratio of means R, /R, and the standard

uncertainty u(R,/R;) of this ratio are,
respectively, very nearly the same as the

mean ratio R and its experimental stan-
dard deviation s(R) as given in the last col-

umn of table H.8 [see H.2.4 and equation
(H.10) therein]. However, in calculating the

standard uncertainty u(R, /R,), the corre-
lation between R _and R, as represented by

the correlation coefficient r(R,,R,) must be

taken into account using equation (16) in
5.2.2. [That equation yields for the relative

estimated variance of R, /R, the last three
terms of equation (H.22b).]

It should be recognized that the respective
experimental standard deviations of R_and

of R, V6s(R,) and \6s(R;), indicate a vari-
ability in these quantities that is two to
three times larger than the variability im-
plied by the Poisson statistics of the count-
ing process; the latter is included in the ob-
served variability of the counts and need
not be accounted for separately.
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Tabulka H.8 - Vypocet méfenych poméri korigovanych na vliv rozpadu a pozadi

Table H.8 - Calculation of decay-corrected and background-corrected counting rates

Cyklus -
Cydle R, R, t -t R =R/R,
k (min) (min) (min)
1 652,46 194,65 123,63 3,352 0
2 666,48 208,58 123,13 3,195 3
3 665,80 211,08 123,12 3,154 3
4 655,68 214,17 123,11 3,061 5
5 651,87 213,92 123,12 3,047 3
6 623,31 194,13 123,11 3,210 7
R, = 652,60 Rs = 206,09 R=3170
S(R,) = 6,42 S(Rs) = 3,79 s(R)= 0,046
s(R,)/ R, =0,98 x 102 s(Ry)/Rs = 1,84 x 102 S(R)/R=1,44x 102
R,/ Rs=3,167
UR, ! Rs)= 0,045
u(R, /R)/(R, /R))=1,42x 107
korela¢ni koeficient
Correlation coefficient
r(R,,Rs) = 0,646

H.4.3 Vypocet konecnych vysledkt H.4.3 Calculation of final results
Ziskani neznamé koncentrace aktivity A To obtain the unknown activity concentra-
a jeji kombinované standardni nejisto- tion A _and its combined standard uncertain-

ty u(A) z rovnice (H.20) vyzaduje A, m_ ty u(A) from equation (H.20) requires A,
a m; a jejich standardni nejistoty. Ty jsou m, and m, and their standard uncertain-
uvedeny jako ties. These are given as

A,=0,136 6 Bg/g

u(A,) = 0,001 8 Bg/g; u(A)/A, = 1,32 x 10

m,=5,0192g

u(my) = 0,005 g; u(m,)/m_ = 0,10 x 10~

m_=5,0571g

u(m)=0,0010g; u(m)/m =0,02x 107
Dalsi mozné zdroje nejistoty jsou hodnoce- Other possible sources of uncertainty are
ny jako zanedbatelné: evaluated to be negligible:

195



— standardni nejistoty doby rozpadu,

u(t, ) a u(t, )

— standardni nejistota konstanty rozpadu
22Rn, u(4) = 1 x 107 min™; (vyznamna
veli¢ina je faktor rozpadu exp[i(t - t)],
ktery se méni z 1,015 63 v cyklech
k =4 a6 do 1,015 70 v cyklu k = 1;
standardni nejistota téchto hodnot je
u=1,2x107%);

- nejistota spojend s moznou zavislosti
uc¢innosti detekce scintilatniho méreni
na pouzitém zdroji (etalon, ¢istd voda
a vzorek);

- nejistota korekce mrtvé doby méreni
a korekce zavislosti u¢innosti méreni na
urovni aktivity.

H.4.3.1 Vysledky: prvni pfistup

Jak bylo dfive uvedeno, A a u/(A) je do-
voleno ziskat dvéma odliSnymi zpusoby
z rovnice (H.20). Pfi prvnim pfistupu je
A vypoclitana pouZitim aritmetickych

primérGR, a R, coz vede k

Pouziti rovnice (16) z 5.2.2 na tento vyraz

poskytuje kombinovany rozptyl u’(A,)

ui(A,)  U(A) . u’*(my) . u’(m,)

+u(R)
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— standard uncertainties of the decay
times, u(ts,k) and u(tx,k);

— standard uncertainty of the decay con-
stant of 22Rn, u(l) = 1 x 107 min~. (The
significant quantity is the decay factor
exp[A(t - t)] which varies from 1,015 63
for cycles k = 4 and 6 to 1,015 70 for
cycle k = 1. The standard uncertainty of
these values is u = 1,2 x 10°);

— uncertainty associated with the possible
dependence of the detection efficiency
of the scintillation counter on the source
used (standard, blank, and sample);

— uncertainty of the correction for coun-
ter dead-time and of the correction for
the dependence of counting efficiency
on activity level.

H.4.3.1 Results: approach 1

As indicated earlier, A and u(A) may be

obtained in two different ways from equa-
tion (H.20). In the first approach, A is cal-

culated using the arithmetic means R, and

R¢, which leads to

’i— =0,4300Bq/g
R (H.22a)

Application of equation (16) in 5.2.2 to this
expression yields for the combined vari-

ance u’(A,)

u (R ) u(R )u(R )

-2r(R,,R,)

2 - 2 2 2
A; A mg m

X

kde, jak bylo poznamenano v H.4.2 pos-
ledni tii ¢leny davaji u*(R, /R,)/(R,/R.),

odhad relativniho rozptylu R, / R;. Souhlasné
s vysvétlenim v H.2.4 ukazuji vysledky v tabul-

ce H.8, ze R neni pfesnérovno R /R,; a ze
proR, /R,
neni pfesné rovna standarni nejistoté s(R)

standardni nejistota u(R, /R;)

pro R.

R? R?

xS

(H.22b)
where, as noted in H.4.2, the last three

terms give u’(R, / R,)/(R, I R,)’, the estimat-

ed relative variance of R, /R,. Consistent
with the discussion of H.2.4, the results in

table H.8 show that R is not exactly equal
to R, / Rg; and that the standard uncertainty
u(R, /R,) of R, IR, is not exactly equal to
the standard uncertainty s(R) of R.

196



Substituce hodnot relevantnich veli¢in do
rovnic (H.22a) a (H.22b) vede k

u.(A,)

X
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Substitution of the values of the relevant
quantities into equations (H.22a) and
(H.22b) yields

=1,93x 107

u(A) = 0,008 3 Bg/g

Vysledek méreni muze tedy byt stanoven
jako:

A =0,430 0 Bg/g s kombinovanou standardni
nejistotou u_= 0,008 3 Ba/g.

H.4.3.2 Vysledky: druhy pfistup

V druhém pfistupu, ktery se vyhyba kore-
laci mezi R, a R; je A vypocitan pouzitim
aritmetického praméru R . Tedy

A =AS%§=0,4304 Bq/g

The result of the measurement may then
be stated as:

A =0,430 0 Bg/g with a combined standard
uncertainty of u_= 0,008 3 Bqg/g.

H.4.3.2 Results: approach 2
In the second approach, which avoids the

correlation between R, and R, A_ is calcu-
lated using the arithmetic meanR . Thus

(H.23a)
Vyraz pro u?(A,)je jednoduse The expression for u?(A,)is simply
UA) _UA) u(m) u(m,) U'(R)
A A m o om R (H.23b)
coz vede k which yields
UlA) _ q,95x 107

X

u(A) =0,008 4Bqg/g

Vysledek méreni mize byt stanoven jako:

A =0,4304 Bg/g s kombinovanou standardni
nejistotou u_= 0,008 4 Bq/g.

Pocet efektivnich stupriGi volnosti pro u_je
vyhodnocen pouzitim Welch-Satterthwai-
tova vzorce, jak bylo uvedeno v H.1.6.

The result of the measurement may then be
stated as:

A = 0,430 4 Bg/g with a combined standard
uncertainty of u_= 0,008 4 Bg/g.

The effective degrees of freedom of u_can be
evaluated using the Welch-Satterthwaite
formula in the manner illustrated in H.1.6.
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Jako v H.2, z téchto dvou vysledku je pre-
ferovan druhy, protoze se vyhyba aproxi-
maci prameéru podilu dvou veli¢in pouzitim
podilu pramérd dvou velic¢in; a lIépe odrazi
pouzity postup méreni, protoze data byla
ve skutec¢nosti sbirana ve dvou oddélenych
cyklech.

Nicméng, rozdil mezi hodnotami A vycha-
zejici ze dvou pfistupl je jasné maly v po-
rovnani se standardni nejistotou pric¢itanou
ke kazdému pfristupu a rozdil mezi obéma
standardnimi nejistotami je zcela zaned-
batelny. Takova shoda ukazuje, Ze oba
pristupy jsou ekvivalentni, kdyz pozorova-
né korelace jsou vhodné zahrnuty.

H.5 Analyza rozptylu

Tento priklad poskytuje stru¢né sezname-
ni s metodami analyzy rozptylu (ANOVA).
Tyto statistické postupy jsou pouzivany
k identifikaci a kvantifikaci ndhodnych vli-
vU na méfeni, takze je dovoleno spravné je
brat v uvahu, pokud je vyhodnocena nejis-
tota vysledk( méreni. Ackoliv jsou metody
ANOVA aplikovatelné v Sirokém rozsahu
méreni, napriklad na kalibraci referen¢nich
etalonu, takovych jako Zenerovy napétové
etalony a etalony hmotnosti a k certifikaci
referen¢nich materidlt, metody ANOVA ne-
jsou vhodné k identifikaci systematickych
vliva, které by mohly byt pritomny.

Je mnoho ruznych modelld zahrnutych
pod obecnym nazvem ANOVA. Vzhledem
ke své dullezitosti, urcity model uvedeny
v tomto prikladu je vyvazené konstrukce.
Ciselné hodnoty v tomto pfikladu se vzta-
huji ke kalibraci Zenerova napétového
etalonu; analyza ma mit vyznam pro fadu
praktickych situaci méreni.
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As in H.2, of the two results, the second is
preferred because it avoids approximating
the mean of a ratio of two quantities by
the ratio of the means of the two quan-
tities; and it better reflects the measure-
ment procedure used — the data were in
fact collected in separate cycles.

Nevertheless, the difference between the
values of A resulting from the two ap-
proaches is clearly small compared with
the standard uncertainty ascribed to either
one, and the difference between the two
standard uncertainties is entirely negli-
gible. Such agreement demonstrates that
the two approaches are equivalent when
the observed correlations are properly in-
cluded.

H.5 Analysis of variance

This example provides a brief introduction
to analysis of variance (ANOVA) methods.
These statistical techniques are used to
identify and quantify individual random
effects in a measurement so that they
may be properly taken into account when
the uncertainty of the result of the mea-
surement is evaluated. Although ANOVA
methods are applicable to a wide range
of measurements, for example, the calibra-
tion of reference standards, such as Zener
voltage standards and standards of mass,
and the certification of reference materi-
als, ANOVA methods by themselves cannot
identify systematic effects that might be
present.

There are many different models included
under the general name of ANOVA. Be-
cause of its importance, the specific model
discussed in this example is the balanced
nested design. The numerical illustra-
tion of this model involves the calibration
of a Zener voltage standard; the analysis
should be relevant to a variety of practical
measurement situations.
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Metody ANOVA maji zvlastni vyznam
pfi certifikaci referencnich materialt
(RM) zkouskami, na kterych se podili vice
laboratofi, coZ je velmi podrobné popsano
v pokynu ISO 35 [19] (viz H.5.3.2, stru¢ny po-
pis takovych certifikaci RM). Protoze mno-
ho materialt obsazenych v pokynu ISO 35
je ve skutecnosti Siroce pouzitelnych, pu-
blikace mohou pojednavat o dodatecnych
podrobnostech tykajicich se metody ANO-
VA, vcetné nevyvazené zatfidéného sou-
boru. Podobné je dovoleno brat v uvahu
citace [15] a [20].

H.5.1 Uloha méfeni

Pfedpoklada se, Zze jmenovité etalon Zene-
rova napéti 10 V je kalibrovany proti refe-
ren¢nimu stabilnimu napéti po dobu perio-
dy dvou tydnu. Pfi kazdych J dnech béhem
periody bylo provadéno K opakovanych
nezavislych pozorovani napéti V, etalonu.
Jestlize V,, znadi k-tou hodnotu pozorovani
V.k=12 .,Kvjtémdnu (=12, ..J),
potom je nejlepsi odhad napéti etalonu
aritmeticky primér V pozorovani JK [viz
rovnice (3) v 4.2.1],

Vybérova smérodatna odchylka s(V)stied-

ni hodnoty, ktera je mirou nejistoty V jako
odhadu napéti etalonu, je ziskdna z [viz
rovnice (5) v 4.2.3]:

s (V)=

JK(JK—1)ZZ‘( V)
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ANOVA methods are of special importance
in the certification of reference materials
(RMs) by interlaboratory testing, a topic cov-
ered thoroughly in ISO Guide 35 [19] (see
H.5.3.2 for a brief description of such RM
certification). Since much of the material
contained in ISO Guide 35 is in fact broadly
applicable, that publication may be con-
sulted for additional details concerning
ANOVA, including unbalanced nested de-
signs. References [15] and [20] may be simi-
larly consulted.

H.5.1 The measurement problem
Consider a nominally 10 V Zener voltage
standard that is calibrated against a stable
voltage reference over a two-week period.
On each of J days during the period, K in-
dependent repeated observations of the
potential difference V, of the standard
are made. If V, denotes the kth observa-
tion of V (k =1, 2, ..., K) on the jth day
(=12, ..J), the best estimate of the po-
tential difference of the standard is the
arithmetic mean V of the JK observations
[see equation (3) in 4.2.1],

J_ K
22Vi=V
J=

1 k=

=N

(H.24a)
The experimental standard deviation of

the mean s(V), which is a measure of the

uncertainty of V as an estimate of the po-
tential difference of the standard, is ob-
tained from [see equation (5.) in 4.2.3]

j=1k

(H.24b)
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POZNAMKA

V celém tomto prikladu se predpoklada, Ze vSechny
korekce pouzivané pro ucely pozorovani ke kom-
penzaci systematickych vlivd maji zanedbatelné
nejistoty nebo jejich nejistoty jsou takové, Ze mo-
hou byt brany v Uvahu na zavér analyzy. Korekce
této druhé kategorie a ty, které samy mohou byt
pouzitelné pro stfedni hodnotu pozorovani v zavéru
analyzy, je rozdil mezi certifikovanou hodnotou
(s pfredpokladem, Ze ma danou nejistotu) a pracovni
hodnotou stabilniho referen¢niho napéti, vici kte-
rému je Zenerlv napétovy etalon kalibrovan. Tedy
odhad rozdilu napéti etalonu, ziskaného statisticky
pozorovanim, neni nutné konecny vysledek méfeni;
a vybérovd smérodatnd odchylka tohoto odhadu
neni nutné kombinovanou standardni nejistotou
kone¢ného vysledku.

Vybérova smérodatna odchylka s(V)
strednich hodnot, ziskana z rovnice (H.24b),
je pfimé&Fena mira nejistoty V pouze,
kdyZz den ze dne je pozorovani se stejnym
kolisdnim kazdy den. Jestlize jsou dlkazy
o tom, Ze kolisani mezi dny je vyrazné vétsi
nez kolisdni béhem dne, mohlo by pouziti
tohoto vyrazu vést k vyraznamu uvedeni
pkili§ nizké nejistoty V. Tim vznikaji dvé
otazky: jak by se mélo rozhodnout, jestlize
mezidenni kolisani (charakterizované me-
zidennimi slozkami rozptylu) je vyznamné
v porovnani s dennim kolisdnim (charak-
terizovaném dennimi slozkami rozptylu),
a pokud je to ten pfipad, jak se ma vyhod-
notit nejistota stfednich hodnot?

H.5.2 Ciselny pfiklad

H.5.2.1 Data, ktera dovoluji, aby vyrf¢ené
otazky byly pfijaty, jsou uvedena v tabulce
H.9, kde

J = 10 je pocet dnu, ve kterych byla
provadéna pozorovani napéti;

K = 5 je pocet pozorovani napéti, ktera
byla provadéna kazdy den;

Vi
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NOTE

It is assumed throughout this example that all cor-
rections applied to the observations to compensate
for systematic effects have negligible uncertainties
or their uncertainties are such that they can be taken
into account at the end of the analysis. A correction
in this latter category, and one that can itself be ap-
plied to the mean of the observations at the end of
the analysis, is the difference between the certified
value (assumed to have a given uncertainty) and
the working value of the stable voltage reference
against which the Zener voltage standard is cali-
brated. Thus the estimate of the potential difference
of the standard obtained statistically from the obser-
vations is not necessarily the final result of the mea-
surement; and the experimental standard deviation of
that estimate is not necessarily the combined standard
uncertainty of the final result.

The experimental standard deviation of

the mean s(V) as obtained from equa-
tion (H.24b) is an appropriate measure of

the uncertainty of V only if the day-to-
day variability of the observations is the
same as the variability of the observations
made on a single day. If there is evidence
that the between-day variability is signifi-
cantly larger than can be expected from
the within-day variability, use of this ex-
pression could lead to a considerable un-

derstatement of the uncertainty of V. Two
questions thus arise: How should one decide
if the between-day variability (characterized
by a between-day component of variance)
is significant in comparison with the within-
day variability (characterized by a within-day
component of variance) and, if it is, how
should one evaluate the uncertainty of the
mean?

H.5.2 A numerical example

H.5.2.1 Data which allow the above ques-
tions to be addressed are given in table
H.9, where

J =10 is the number of days on which po-
tential-difference observations were made;

K = 5 is the number of potential-difference
observations made on each day;

1 K
2 Vi
k=1 (H.25a)
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je aritmeticky prumér K = 5 pozorovani
napéti, kterd byla provedena j-ty den
(je J = 10 takovych dennich priméru)

1

— J 1 J K
Ve XV g L Vi

je aritmeticky prmeér J = 10 dennich stfed-
nich hodnot a tedy celkova stfedni hodno-
ta JK = 50 pozorovani;

1 K —
S Vi) =2 (Ve -V))
K-13

je vybérovy rozptyl K = 5 pozorovani pro-
vedenych j-ty den (je J = 10 takovych odha-
du rozptylu); a

(V) =

je vybérovy rozptyl J = 10 dennich stfed-
nich hodnot (je pouze jeden takovy odhad
rozptylu).

H.5.2.2 Shoda denniho kolisani a meziden-
niho kolisani pozorovani muze byt zkouma-
na porovnanim dvou nezavislych odhadu
o2 dennich slozek rozptylu (tj. rozptylu
pozorovani provedenych tyz den).

Prvni odhad &2 oznaceny pomodi s’ je zis-
kdn z pozorovaného kolisani denni stfedni

hodnoty V,. ProtoZe V, je stfedni hodnota

K pozorovani, odhad jejiho rozptylu s*(V,)
za predpokladu, Ze mezidenni slozka roz-

ptylu je nula, odhadujec? /K. Z rovnice
(H.25d) potom vyplyva
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is the arithmetic mean of the K = 5 poten-
tial-difference observations made on the
jth day (there are J = 10 such daily means)

(H.25b)

is the arithmetic mean of the J = 10 daily
means and thus the overall mean of the
JK = 50 observations;

(H.25¢)

is the experimental variance of the
K = 5 observations made on the jth day
(there are J = 10 such estimates of vari-
ance); and

Ly, -y
J-14

(H.25d)

is the experimental variance of the J = 10
daily means (there is only one such esti-
mate of variance).

H.5.2.2 The consistency of the within-day
variability and between-day variability of
the observations can be investigated by

comparing two independent estimates o,
the within-day component of variance
(that is, the variance of observations made
on the same day).

The first estimate of ¢, denoted by s is
obtained from the observed variation of

the daily means V.. Since V, is the aver-
age of K observations, its estimated variance

sz(\7j), under the assumption that the be-
tween-day component of variance is zero,

estimates o /K. It then follows from
equation (H.25d) that

= (H.26a)
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coz je odhad o, sv,=J-1=09 stupni vol-
nosti.

Druhy odhad &2, oznadeny s, je sdruzeny
odhad rozptylu z J = 10 jednotlivych hod-
not s*(V,) pouzitim rovnice z poznamky
k H.3.6, kde deset jednotlivych hodnot je
vypocteno z rovnice (H.25c¢). Protoze pocet
stupnd volnosti kazdé z téchto hodnot

je v, = K -1, vyslednym vyrazem pro s? je
jednoduse jejich primér. Tedy plati

, 1& ! 2
S, =S (\/jk)zjgs (‘/jk):J(K_1)ZZ(\/Jk_ j)

coz je odhad o, sv, =J(K- 1) = 40 stupit
volnosti.

Odhady o7 dané rovnicemi (H.26a)

a (H.26b) jsou s> = (128 uV)?a s? = (85 uV)?

(viz tabulka H.9). Protoze odhad sj je zalo-
Zen na kolisani dennich strednich hodnot,

zatimco odhad s? je zalozen na kolisani
dennich pozorovani, jejich rozdil ukazu-
je moznou pfitomnost vlivu, ktery se sice
méni z jednoho dne na druhy, ale prece jen
vzdy u pozorovanych hodnot béhem jed-
noho dne v podstaté zUstavaji konstant-
ni. F-test je pouzivan ke zkouSce moznosti
a tedy predpokladu, Ze mezidenni slozka
rozptylu je rovna nule.
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whichisanestimateof o havingv,=J/-1=9
degrees of freedom.

The second estimate of o, denoted by

sz, is the pooled estimate of variance ob-

tained from the J = 10 individual values of
sz(\/jk) using the equation of the note to

H.3.6, where the ten individual values are
calculated from equation (H.25c). Because
the degrees of freedom of each of these val-
ues is v.= K — 1, the resulting expression for

sZ is simply their average. Thus

1

<

N

j=1 k=
(H.26b)

which is an estimate of &2 having v, =J(K-
1) = 40 degrees of freedom.

The estimates of o’ given by equations
(H.26a) and (H.26b) are s? = (128 uV)?
and si = (85 pV)? respectively (see table

H.9). Since the estimate s? is based on the
variability of the daily means while the

estimate s’ is based on the variability of
the daily observations, their difference
indicates the possible presence of an ef-
fect that varies from one day to another
but that remains relatively constant when
observations are made on any single day.
The F-test is used to test this possibility, and
thus the assumption that the between-day
component of variance is zero.
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rozdéleni
Fv,v,) =

H.5.2.3 F-rozdéleni je
pravdépodobnosti poméru

s2(v,)/ st(v,) dvou nezavislych odhadd

s2(v,) a si(v,) rozptylu @ normalniho
rozdéleni nahodné veli¢iny [15]. Para-
metry v_ a pfipadné v, jsou pocty stup-
N0 volnosti obou odhadl a to plati pfi
0 < F(v, v,) <. Hodnoty F jsou tabelizo-
vany pro rizné hodnoty v_ a v, a rtzné
kvantily F-rozdéleni. Hodnota F(v_, v,) > Fo0s
nebo F(v, v,) > Fog7s (kriticka hodnota) je
obvykle interpretovdna jako ukazatel, ze

statisticky vyznamsZ(v,) je vétsi nez s2(v,);
a ze pravdépodobnost hodnoty F je stejna
pozorovand hodnota, jestlize pfi stejném
rozptylu obou odhadl je mensi nez 0,05
eventuelné 0,025. (Také je dovoleno vybrat
jiné kritické hodnoty, takové jako F_,,.)

SBORNIKY TECHNICKE HARMONIZACE 2012

H.5.2.3 The F-distribution is the prob-
ability distribution of the ratio F(v,v,) =

s2(v,)/ st (v,) of twoindependent estimates,

s2(v,) and sZ(v, ), of the variance ¢® of anor-
mally distributed random variable [15]. The
parameters v_ and v, are the respective de-
grees of freedom of the two estimates and
0 < F(v,, v,) < . Values of F are tabulated
for different values of v_ and v, and various
quantiles of the F-distribution. A value of
Fv, v,) > Foq5 OF Fv,v,) > Fog7s (the critical
value) is usually interpreted as indicating

that s(v,) is larger than s2(v,) by a sta-
tistically significant amount; and that the
probability of a value of F as large as that
observed, if the two estimates were esti-
mates of the same variance, is less than
0,05 or 0,025, respectively. (Other critical

values may also be chosen, such as F..)
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Tabulka H.9 - Prehled dat kalibrace napétového etalonu ziskanych za J =10 dnt

s kazdodenni stredni hodnotou \7/ a vybérovou smérodatnou odchylkou
s(V,,) zalozenych na K = 5 opakovanych nezavislych pozorovanich

Table H.9 - Summary of voltage standard calibration data obtained on J = 10 days, with

each daily mean \7j and experimental standard deviation s(ij) based on
K =5 independent repeated observations

Den, j Veli¢ina
Day, j Quantity
VIV s(V,) [ uv
1 10,000 172 60
2 10,000 116 77
3 10,000 013 111
4 10,000 144 101
5 10,000 106 67
6 10,000 031 93
7 10,000 060 80
8 10,000 125 73
9 10,000 163 88
10 10,000 041 86
V = 10,000 097 V
s(V;) =57 uv
2 2N/ 2 2
s? = Ks*(V,) =5(57 uV)? = (128 pVv)
sp =5°(V,) =(85uV)?

H.5.2.4 Pouziti F-testu v predlozeném
Ciselném prikladu poskytuje

s2 Ks'(V)) 557 pvy

H.5.2.4 The application of the F-test to
the present numerical example yields

=2,25

F(Valvb) Sé B

sv,=J-1=29 stupnd volnosti v Citateli
a v, = J(K - 1) = 40 stupni volnosti ve
jmenovateli. Protoze Fo,95(9'40) = 2,12
aF ...(9,40) =245, je zavér, Ze je statisticky

0,975
vyznamny mezidenni vliv pfi 5-ti procent-
ni urovni vyznamnosti, ale ne pfi urovni

2,5%.

$2(V,) 851V

(H.27)

with v. = J - 1 = 9 degrees of freedom in
the numerator and v, = J(K - 1) = 40 de-
grees of freedom in the denominator. Since
F,5(9,40) = 2,12 and F,,,.(9,40) = 2,45, it is
concluded that there is a statistically signif-
icant between-day effect at the 5 percent
level of significance but not at the 2,5 per-
cent level.
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H.5.2.5 Jestlize je existence mezidennich vli-
v zamitnuta, protoze se na rozdil mezi s’

a s; nepohlizi jako na statisticky vyznam-
ny (nerozvazné rozhodnuti, protoze by
mohlo vést k nedocenéni nejistoty), od-
had rozptylu s2(V) k V ma byt vypocten
z rovnice (H.24b). Tento vztah je rovnocenny
ke sdruzeni odhadu s? a s? (tj. zobrazeni
vazeného praméru z s? a s?, vazeny vzdy
podle poctu stupfit volnosti v, a v, viz H.3.6,
poznamka) k ziskani nejlepsiho odhadu roz-

ptylu pozorovani; a délenim odhadu JK
(poc¢tem pozorovani), k ziskani nejlepsiho

odhadu rozptylu s*(V)stfedni hodnoty
pozorovani. Timto postupem se obdrzi:

s*(V) =
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H.5.2.5 If the existence of a between-day
effect is rejected because the difference

between s2 and s? is not viewed as sta-
tistically significant (an imprudent decision
because it could lead to an underestimate
of the uncertainty), the estimated variance

s2(V) of V should be calculated from equa-
tion (H.24b). That relation is equivalent to

pooling the estimates s> and s? (that is,

taking a weighted average of s> and s?,
each weighted by its respective degrees of
freedom v_and v, — see H.3.6, note) to ob-
tain the best estimate of the variance of
the observations; and dividing that estimate
by JK, the number of observations, to obtain

the best estimate s?(V) of the variance of
the mean of the observations. Following this
procedure one obtains

(J=Ns;+JK-1s; 9128 pV)* +40(85 uV)’

JK(JK -1)

(10)(5)(49) (H.28a)

s?(V) =(13 pV)?, nebo s(V)=13 pv

pficemz JK — 1 = 49 stupnia volnosti patfi
k s(V).

Jestlize se predpoklada, Ze viechny korekce
pro systematické vlivy byly jiz vzaty v uva-
hu a vSechny ostatni slozky nejistoty jsou ne-
vyznamné, potom vysledek kalibrace muUze

byt stanoven jako V, = V = 10,000 0097 V
(viz tabulka H.9), s kombinovanou standard-
ni nejistotou s(V') = u_= 13 nV, pficemz 49
stupfia volnosti patfik u..

POZNAMKY

1 V praxi by byly pravdépodobné;jsi dalsi slozky ne-
jistoty, které byly vyznamné a proto by mély byt
kombinovany se slozkami nejistoty statististicky zis-
kanymi z pozorovani (viz H.5.1, poznamka).

2 Da se dokazat, Ze rovnice (H.28a) pro sZ(V) muze
byt rovnocennd rovnici (H.24b), zapisem dvojitého
souctu oznaceného S v této rovnici jako:

(H.28b)

with s(V) having JK — 1 = 49 degrees of
freedom.

If it is assumed that all corrections for sys-
tematic effects have already been taken
into account and that all other components
of uncertainty are insignificant, then the
result of the calibration can be stated as

V. = V = 10,000 0097 V (see table H.9),

S
with a combined standard uncertainty of

s(V) = u_= 13 pV, and with u_having 49
degrees of freedom.

NOTES

1 In practice, there would very likely be additional
components of uncertainty that were significant
and therefore would have to be combined with
the component of uncertainty obtained statisti-
cally from the observations (see H.5. 1, note).

2 Equation (H28a) for s?(V) can be shown to be
equivalent to equation (H24b) by writing the
double sum, denoted by S in that equation as
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S = 22[(\@ V)4V, =] = (s AR )2

j=1 k=1

H.5.2.6 KdyzZ je prijata existence meziden-
niho vlivu (rozvazné rozhodnuti, protoze
to vyluCuje mozné nedocenéni nejistoty)
a predpoklada se, Zze musi byt nahodilé, po-

tom rozptyl s?(V,), vypocteny z J = 10 dennich
stfrednich hodnot podle rovnice (H.25d)
neodhaduje o2 /K jak se predpoklada

vH.5.2.2, ale 6}, / K + o2, kde o7 je ndhod-
na mezidenni slozka rozptylu. To znamenj,
ze

H.5.2.6 If the existence of a between-day
effect is accepted (a prudent decision be-
cause it avoids a possible underestimate
of the uncertainty)and it is assumed to be

random, then the variance 52(\7/.) calculat-
ed from the J = 10 daily means according

to equation (H.25d) estimates not O'VZV/K
as postulated in H.5.2.2, but o, /K +o7,

where o7 is the between-day random com-
ponent of variance. This implies that

S (V) =55 I K+s;

kde s2 odhaduje o} a s; odhaduje o7.

Protoze s*(V, ) vypoctena z rovnice (H.26b)
zavisi pouze na dennim kolisani hodnot

-y o . 2 2y
pozorovani, muze se dosadit sj, =s (V)

Tedy pomér Ks*(V,)/s*(V,) pouzity pro F-
test v H.5.2.4 se zméni:

F

_Ks'(V)) 5%, +Ks? _5(57 uv)?

(H.29)

where s3, estimates o3 and s; estimates

os - Since s°(V,) calculated from equation
(H.26b) depends only on the within-day

variability of the observations, one may take
sw =5 (V). Thus the ratio Ks*(V,)/s*(V,)
used for the F-test in H .5.2.4 becomes

s (V)
ktery potom vede k

B

=2,25
(85 pvy’

(H.30)
which then leads to
, _Ks'(V)-s'(v)
K (H.31a)
sg2 = (43 uV)?, nebo (or) s, =43 uv
sZ, =52(ij)=(85 uV)’, nebo (or) s,, =85 pVv
(H.31b)
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Odhad rozptylu V je ziskan z s*(V,) rov-

nice (H.25d), protoze sz(\7j)sprévné odrazi
denni i mezidenni nahodné slozky rozptylu
[viz rovnice (H.29)]. Tedy

s*(V)

pfi¢emz J — 1 = 9 stupnill volnosti patti k s(V).

Pocet stupiid volnosti si, (a tedy i s,) je
JK — 1) = 40 [viz rovnice (H.26b)]. Po-

et stupfid volnosti s5 (a tedy i s;) je po-
cet efektivnich stupnd volnosti rozdilu

s; =s°(V;)-s*(V,)/ K [rovnice (H.31a) ], ale
jeji odhad je problematicky.

H.5.2.7 Nejlepsi odhad napéti napétové-
ho etalonu je potom V, = V = 10,000 097 V
s s(V) = u_= 18 pV, jak vyplyva z rovnice
(H.32). Tato hodnota u_ a jejich 9 stupnd
volnosti musi byt porovnavany s u_= 13 uv
a jeho 49 stupni volnosti vysledku ziskaného

v H.5.2.5 [rovnice (H.28b)], kdyz existence
mezidenniho vlivu byla zamitnuta.

Pfi skute¢ném méreni zfejmy mezidenni
vliv ma byt ddle zkouman, jestlize je to
mozné, aby se urcila jeho pric¢ina a zda je
systematicky vliv pfitomen, a nebo by mohl
byt metodami ANOVA zamitnut. Jak bylo
na zacatku tohoto prikladu zdlraznéno,
postupy ANOVA jsou stanoveny tak, aby
identifikovaly a vyhodnotily slozky nejis-
toty, které vznikly z nahodnych vliv; nej-
sou viak vhodné k obstaravani informaci
o slozkach, které vznikaji ze systematickych
vliva.
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The estimated variance of V is obtained
from 52(\7j), equation (H.25d), because

s°(V,) properly reflects both the within-
day and between-day random components
of variance [see equation (H.29)]. Thus

=s*(V,)1J

= (57 uV)? /10,nebo (or) s(V) =18 pV

(H.32)
with s(V) having /-1 =9 degrees of freedom.

The degrees of freedom of s3,, (and thus
s,) is J(K = 1) = 40 [see equation (H.26b)].

The degrees of freedom of sz (and thus Sg)
is the effective degrees of freedom of the

difference s; =s*(V,)-s*(V, )/ K [equa-
tion (H .3 la)], but its estimation is prob-
lematic.

H.5.2.7 The best estimate of the potential
difference of the voltage standard is then

V,=V =10,000097V, with s(V) =u_ =18 uV
as given in equation (H.32). This value of u_
and its 9 degrees of freedom are to be com-
pared with u_= 13 pV and its 49 degrees
of freedom, the result obtained in H.5.2.5

[equation (H.28b)] when the existence of
a between-day effect was rejected.

In a real measurement an apparent be-
tween-day effect should be further inves-
tigated, if possible, in order to determine its
cause and whether a systematic effect is pres-
ent that would negate the use of ANOVA
methods. As pointed out at the beginning
of this example, ANOVA techniques are
designed to identify and evaluate compo-
nents of uncertainty arising from random
effects; they cannot provide information
about components arising from systematic
effects.
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H.5.3 Role postupti ANOVA pfi méreni

H.5.3.1 Tento priklad napétového etalonu
znazornuje, co je obecné oznacovano jako
jednostupniovy zatfidény soubor. Jedna se
o vyvazeny zatfidény soubor, protoze je
k dispozici jednourovriové , zatfidéni” hod-
not pozorovani, pficemz Cinitel, ktery se pfi
méreni méni, je den, ve kterém se provadi
pozorovani. Je to vyvazené, protoze stej-
ny pocet pozorovani je uskute¢nén kazdy
den. Analyza, uvedend v tomto pfrikladu,
mulze byt pouzita ke stanoveni, zda exis-
tuje ,vliv operatora”, ,vliv pfistroje”, ,vliv
laboratore”, ,vliv vzorku"” nebo dokonce
LVliv. metody” v urcitém méreni. Tedy ten-
to priklad by se mohl chapat jako nahraze-
ni pozorovani provadéna béhem J rlznych
dni pozorovanimi provedenymi tyz den, ale
J riznymi operatory; mezidenni slozka roz-
ptylu se stdvd slozkou rozptylu spojenou
s rUznymi operatory.

H.5.3.2 Jak je poznamendno v H.5, me-
tody ANOVA jsou rozsadhle pouzivané pfi
certifikaci referen¢nich materiald (RM)
zkouskami ve vice laboratofich. Takova
certifikace obvykle zahrnuje pocet neza-
vislych, rovnocenych slozek laboratornich
vzorkl miry materiadlu, pokud jde o vlast-
nosti, pro které je materidl certifikovan.
Obecné se predpoklada, ze rozdily mezi
jednotlivymi vysledky, v ramci jedné labo-
ratofe a mezi laboratoremi, jsou statistické
povahy bez ohledu na pfi¢inu. Na kazdou
laboratorni stfedni hodnotu se pohlizi jako
na ocekavané rozptyleny odhad vlastnosti
materidlu a nevazena stfedni hodnota la-
boratornich prdmeéru se poklada za nejlep-
$i odhad této vlastnosti.
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H.5.3 Therole of ANOVA in measurement

H.5.3.1 This voltage standard example
illustrates what is generally termed a bal-
anced, one-stage nested design. It is a one-
stage nested design because there is one
level of “nesting” of the observations with
one factor, the day on which observa-
tions are made, being varied in the mea-
surement. It is balanced because the same
number of observations is made on each
day. The analysis presented in the example
can be used to determine if there is an
"operator effect,” an “instrument effect,”
a “laboratory effect,” a “sample effect,” or
even a method effect” in a particular mea-
surement. Thus in the example, one might
imagine replacing the observations made
on the J different days by observations
made on the same day but by J different
operators; the between-day component
of variance becomes then a component of
variance associated with different opera-
tors.

H.5.3.2 As noted in H.5, ANOVA methods
are widely used in the certification of ref-
erence materials (RMs) by interlaboratory
testing. Such certification usually involves
having a number of independent, equally
competent laboratories measure samples
of a material for the property for which
the material is to be certified. It is gener-
ally assumed that the differences between
individual results, both within and be-
tween laboratories, are statistical in nature
regardless of the causes. Each laboratory
mean is considered an unbiased estimate
of the property of the material, and usual-
ly the unweighted mean of the laboratory
means is assumed to be the best estimate
of that property.

208



Certifikace RM by mohla zahrnovat / ruz-
nych laboratofi, z nichz kazda stanovi miru
potfebnych vlastnosti J rdznych vzorku
materidlu, s kazdym mérenim vzorku spo-
Civajici na K nezavislych opakovanych po-
zorovanich. Tedy celkovy pocet pozorova-
ni je IJK a celkovy soucet vzorku je IJ. Toto
je priklad dvoustupnového vyvazeného
zatfidéného souboru analogického k jed-
nostupriovému prikladu s napétovym eta-
lonem. V tomto pfipadé jsou dvé urovné
Lzatfidéni” hodnot pozorovani s dvéma
raznymi Cinitely, vzorek a laborator, které
se méni béhem méreni. Provedeni je vyva-
Zzené, protoze kazdy vzorek je podroben
K méreni v kazdé laboratofi a kazda labo-
ratof méri stejny pocet vzorka (J). V dalsi
analogii s pfikladem napétového etalonu
je ucelem analyzy dat v pfipadé RM vyset-
it moZnou existenci mezivzorkového vlivu
a vlivu mezi laboratoremi, a ke stanoveni
spravné nejistoty pridélené k nejlepsimu
odhadu hodnoty vlastnosti, ktera ma byt
certifikovana. S podporou predchoziho
odstavce je stfedni hodnota predpoklada-
ny odhad / laboratornich stfednich hodnot,
kterd je také stfedni hodnotou /IJK pozoro-
vani.

H.5.3.3 Vyznam kolisdni vstupnich velicin,
na kterych vysledek méreni zavisi tak, ze
jeho nejistota, zalozend na pozorovanych
statisticky vyhodnocenych datech, je uve-
den v 3.4.2. Zatfidéni a analyza vyslednych
dat metodou ANOVA mohou byt Uspésné
pouzity v mnoha situacich, se kterymi se se-
tkavame v praxi.
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An RM certification might involve / different
laboratories, each of which measures the
requisite property of J different samples
of the material, with each measurement of
a sample consisting of K independent re-
peated observations. Thus the total num-
ber of observations is IJK and the total
number of samples is IJ. This is an example
of a balanced, two-stage nested design
analogous to the one-stage voltage-stan-
dard example above. In this case there are
two levels of “nesting” of the observations
with two different factors, sample and lab-
oratory, being varied in the measurement.
The design is balanced because each sam-
ple is observed the same number of times
(K) in each laboratory and each laboratory
measures the same number of samples (J).
In further analogy with the voltage- stan-
dard example, in the RM case the purpose
of the analysis of the data is to investigate
the possible existence of a between-samples
effect and a between-laboratories effect,
and to determine the proper uncertainty
to assign to the best estimate of the value
of the property to be certified. In keeping
with the previous paragraph, that estimate
is assumed to be the mean of the / labora-
tory means, which is also the mean of the
IJK observations.

H.5.3.3 The importance of varying the in-
put quantities upon which a measurement
result depends so that its uncertainty is
based on observed data evaluated statisti-
cally is pointed out in 3.4.2. Nested designs
and the analysis of the resulting data by
ANOVA methods can be successfully used in
many measurement situations encountered
in practice.
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Nicméné, jak je uvedeno v 3.4.1, kolisani
vsech vstupnich velicin je sotva proveditel-
né z ¢asovych dlvodl a pomocnych zdroju.
V nejlepsim pripadé ve vétsiné praktickych
situacich méreni je to mozné pouze hod-
nocenim nékolika slozek pouzitim metod
ANOVA. Jak je zdUraznéno v 4.3.1, pfi po-
chybnostech musi byt mnoho slozek vyhod-
noceno pomoci védeckého posudku, pouzi-
tim viech dostupnych informaci s ohledem
na moznou proménlivost vstupnich velicin.
V mnoha pripadech slozka nejistoty tak,
jak napfiklad vznikne z ,vlivu vzork(”,
LVlivu laboratofi”, ,vlivu pfistroja” a ,vli-
vu operatorld”, nemUze byt vyhodnocena
statistickou analyzou fady pozorovani, ale
musi byt vyhodnocena z dostupnych infor-
maci.

H.6 Meéreni na referencni stupnici:
tvrdost

Tvrdost je pfriklad fyzikdlniho pojmu,
ktery nemuze byt kvantifikovan bez od-
kazu na metody méreni. Nemd zadnou
jednotku, ktera je nezavisla na takové
metodé. Veli¢ina ,tvrdost” neni jako kla-
sické méritelné velic¢iny ve smyslu toho, Ze
nemUze byt dosazena do algebraickych
rovnic, aby definovala jiné mérené veliciny
(i kdyz je obcas pouzita v empirickych rov-
nicich, které vztahuji tvrdost k jiné vlast-
nosti pro kategorii materialt). Jeji velikost
je ur¢ena smluvnim mérenim, tj. pomoci
dulku v télese vzorku zkusebniho materia-
lu. Méreni se provadi podle pfislusné tech-
nické normy, kterd popisuje ,vtlacovaci
télisko” a konstrukci pfistroje, v kterém
je vtlacovaci télisko pouzito a zpUsob, jak
pristroj obsluhovat. Neexistuje jen jed-
na technickd norma, a proto existuje vice
stupnic tvrdosti.
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Nonetheless, as indicated in 3.4.1, varying
all input quantities is rarely feasible due to
limited time and resources; at best, in most
practical measurement situations, it is only
possible to evaluate a few components
of uncertainty using ANOVA methods. As
pointed out in 4.3.1, many components
must be evaluated by scientific judgement
using all of the available information on
the possible variability of the input quanti-
ties in question; in many instances an un-
certainty component, such as arises from
a between-samples effect, a between-lab-
oratories effect, a between-instruments ef-
fect, or a between-operators effect, cannot
be evaluated by the statistical analysis of
series of observations but must be evaluat-
ed from the available pool of information.

H.6 Measurements on a reference scale:
hardness

Hardness is an example of a physical con-
cept that cannot be quantified without
reference to a method of measurement;
it has no unit that is independent of such
a method. The quantity “hardness” is un-
like classical measurable quantities in that
it cannot be entered into algebraic equa-
tions to define other measurable quanti-
ties (though it is sometimes used in em-
pirical equations that relate hardness to
another property for a category of mate-
rials). Its magnitude is determined by a con-
ventional measurement, that of a linear di-
mension of an indentation in a block of the
material of interest, or sample block. The
measurement is made according to a writ-
ten standard, which includes a description
of the “indentor,” the construction of the
machine by which the indentor is applied,
and the way in which the machine is to be
operated. There is more than one written
standard, so there is more than one scale
of hardness.
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Zaznamenana tvrdost je funkce (zavisla na
stupnici) méreného linearniho rozméru.
V prikladu uvedeném v tomto ¢lanku je
to linearni funkce aritmetického prdmeéru
hloubky péti opakované provedenych dul-
ka, ale pro nékteré jiné stupnice to muize
byt funkce nelinearni.

Provedeni etalonového pfristroje je zalo-
Zeno na narodni normé (neexistuje zadné
mezinarodné platné provedeni etalonu);
porovnani jednotivého pfistroje s narod-
nim etalonem se uskutec¢fiuje pomoci blo-
ku srovnavaciho standardu.

H.6.1

V tomto pfikladu, tvrdost vzorového kusu
materidlu je ur¢ena pomoci stupnice ,,Rock-
well C" za pouziti pfistroje, ktery byl ka-
librovan s pouzitim narodniho etalono-
vého pfistroje. Jednotka stupnice tvrdosti
Rockwell-C je 0,002 mm, s tvrdosti uréenou
na této stupnici jako 100 x (0,002 mm) mi-
nus primérna hloubka péti dalkd, mére-
na v mm. Hodnota této velic¢iny délitelna
jednotkou stupnice Rockwell 0,002 mm je
nazyvana ,HRC index tvrdosti”. V tomto
prikladu je tato veli¢ina jednoduse nazyva-
na ,tvrdost”, oznacuje se h,_, . . a Ciselna
hodnota tvrdosti vyjddfena pomoci Roc-
kwellovy jednotky délky je nazyvdna ,in-
dex tvrdosti” a oznalena H, ., -

H.6.2 Matematicky model

K praméru hloubky dilk{, provedenych na
télese vzorku pfistrojem pouzitym k uréeni
tvrdosti nebo kalibracnim pristrojem, musi
byt pfipocitany korekce k uréeni priméru
hloubky dalkd, které by mohly byt udélany
na stejném vzorku pomoci narodniho eta-
lonového pfistroje. Tedy:

Problém méreni

h

Rockwell C

= f(d, 4, 4,
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The hardness reported is a function (de-
pending on the scale) of the linear dimen-
sion that is measured. In the example giv-
en in this subclause it is a linear function
of the arithmetic mean or average of the
depths of five repeated indentations, but
for some other scales the function is non-
linear.

Realizations of the standard machine are
kept as national standards (there is no in-
ternational standard realization); a com-
parison between a particular machine and
the national standard machine is made us-
ing a transfer-standard block.

H.6.1 The measurement problem

In this example the hardness of a sample
block of material is determined on the
scale “Rockwell C"” using a machine that
has been calibrated against the national
standard machine. The scale unit of Rock-
well-C hardness is 0,002 mm, with hardness
on that scale defined as 100 x (0,002 mm)
minus the average of the depths, measured
in mm, of five indentations. The value of
that quantity divided by the Rockwell scale
unit 0,002 mm is called the “HRC hard-
ness index.” In this example the quantity
is called simply “hardness,” symbol h___ .
« and the numerical value of hardness ex-
pressed in Rockwell units of length is called
the “hardness index”, symbol H

H.6.2 Mathematical model

To the average of the depths of the inden-
tations made in the sample block by the
machine used to determine its hardness,
or calibration machine, must be added cor-
rections to determine the average of the
depths of the indentations that would
have been made in the same block by the
national standard machine. Thus

Rockwell C*

A)

100 (0,002 mm) —d

(H.33a)

-4 -4, -4

Rockwell C

= hRockweII C/(O’OOZ mm)

(H.33b)
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kde je

d aritmeticky pramér hloubky péti dalkd
provedenych kalibra¢nim pfistrojem na
télese vzorku;

A korekce ziskana porovnanim kalibrac-
niho pfistroje s narodnim etalonovym
pristrojem, za pouziti bloku srovnava-
ciho standardu, rovnajici se prdmérné
hloubce 5m dulkd provedenych na
vzorku pomoci narodniho etalonového
pristroje minus primérnd hloubka 5n
dulkd provedenych na stejném vzorku
pomoci kalibra¢niho pfistroje;

rozdil tvrdosti (vyjadfeny jako rozdil
prdmérnych hloubek dulkd) mezi dvé-
ma ¢astmi srovnavaciho standardu,
samostatné pouzitymi pro vtlacovani
dvéma porovnavanymi pfistroji, pred-
poklada se, ze rozdil bude nulovy; a

A, chyba z ddvodu nedostatku opako-
vatelnosti narodniho etalonového
pristroje a neuplnosti definice veliciny
tvrdosti, i kdyz se musi pfedpokladat,
Ze A, je rovno nule, ma pfisludnou stan-
dardni nejistotu u(Ay).

Zatimco parcidini derivace of /od, of / a4,
of 1 A, a of 1 a4, funkce z rovnice (H.33a)

jsou vsechny rovny -1, je kombinovana

standardni nejistota uf(h) tvrdosti vzorku
mérena kalibra¢nim pfistrojem jednoduse
uvedena v
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where

d is the average of the depths of five in-
dentations made by the calibration
machine in the sample block;

A is the correction obtained from a com-
parison of the calibration machine
with the national standard machine
using a transfer-standard block,
equal to the average of the depths
of 5m indentations made by the na-
tional standard machine in this block,
minus the average of the depths of
5n indentations made in the same
block by the calibration machine;

is the difference in hardness (ex-
pressed as a difference of average
depth of indentation) between the
two parts of the transfer-standard
block used respectively for indenta-
tions by the two machines, assumed
zero; and

A. is the error due to the lack of repeat-
ability of the national standard ma-
chine and the incomplete definition
of the quantity hardness. Although
A, must be assumed to be zero, it has
a standard uncertainty associated
with it of u(4,)

Since the partial derivatives of / éd , of 10 A,
of /04, and of / 0A, of the function of equa-

tion (H.33a) are all equal to -1, the com-

bined standard uncertainty u?(h) of the

hardness of the sample block as measured
by the calibration machine is simply given
by

u2(h)=u? (d)+ w2 (4) + u? (4,) + U2 (4)

kde pro jednoduchost oznaceni
h=h

plati:

Rockwell C

(H.34)
where for simplicity of notation h=h

Rockwell

C
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H.6.3 Prispivajici rozptyly

H.6.3.1

dalku na vzorku, u(d)

Nejistota praméru hloubky d

Nejistota opakovanych pozorovani. Strikt-
ni opakovani jednoho pozorovani neni
mozné, protoze novy dllek nemulze byt
provedeny na misté drivéjSiho vtlaceni.
Protoze kazdy dulek musi byt proveden
na jiném misté, jakékoliv rozptyly vysledku
zahrnuji vliv kolisani tvrdosti mezi rdznymi

misty. Tedy u(d), standardni nejistota
priméru hloubek péti dalkd na télese vzor-
ku provedenych kalibra¢nim pfistrojem, je
vzata jako s,(d,)/ /5, kde s,(d,) je sdruzena
smérodatnd odchylka hloubky dulku
uréena pomoci ,opakovanych” méreni na
télese, o kterém je zndmo, Ze ma velmi
stejnomérnou tvrdost (viz 4.2.4).

Nejistota indikace. Ackoliv korekce d
z duavodu displeje kalibra¢niho pfistroje je

nulova, existuje nejistota pro d v dtsledku
nejistoty indikace hloubky zpUsobené
rozliSovaci schopnosti ¢ displeje, dané

u(s) =6%112 (viz F2.2.1). Odhad rozptylu
d je tedy
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H.6.3 Contributory variances
H.6.3.1 Uncertainty of the average

depth of indentation d of the sample

block, u(d)

Uncertainty of repeated observations. Strict
repetition of an observation is not possible be-
cause a new indentation cannot be made on
the site of an earlier one. Since each indenta-
tion must be made on a different site, any
variation in the results includes the effect
of variations in hardness between different

sites. Thus u(d), the standard uncertainty of
the average of the depths of five indentations
in the sample block by the calibration ma-
chine, is taken as s,(d, ) /+/5, where s.(d,) is
the pooled experimental standard deviation
of the depths of indentations determined
by “repeated” measurements on a block
known to have very uniform hardness (see
4.2.4).

Uncertainly of indication. Although the

correction to d due to the display of the
calibration machine in zero, there is an un-

certainty in d due to the uncertainty of
the indication of depth due to the resolu-

tion ¢ of the display given byu(s) =5° /12

(see F.2.2. 1). The estimated variance of d
is thus

u(d)=s*(d,)/5+6%112

(H.35)

213



H.6.3.2 Nejistota u(A) korekce rozdilu
mezi dvéma pristroji

Jak bylo uvedeno v H.6.2, A je korekce roz-

dilu mezi narodnim etalonovym pfristrojem
a kalibra¢nim pfristrojem. Tato korek-

!

ce mGze byt vyjadfena jako A =z;-2Z',
kde z;=(3".Z )/m je pramér hloub-
ky 5m dulkd provedenych ndrodnim eta-

lonovym pristrojem na bloku srovnavaciho

standardu; a z':(z;Z)/n je prdmér

hloubky 5n dulkd provedenych na stejném
bloku pomoci kalibra¢niho pfistroje. Tedy
za predpokladu, Ze porovndni nejistoty,
ktera v dusledku rozliSovaci schopnosti dis-
pleje kteréhokoli pfistroje je zanedbatelng,
plati pro odhad rozptylu A :
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H.6.3.2 Uncertainty of the correction

for the difference between the two
machines, u(4a)

As indicated in H.6.2, A_is the correction

for the difference between the national stan-
dard machine and the calibration machine.

This correction may be expressed A_ = z; -2’

, where Zz] 2(22125,,-)/’" is the average

depth of the 5m indentations made by the
national standard machine in the transfer-

standard block; and z’=(Z;Z)/n is the

average depth of the 5n indentations made
in the same block by the calibration machine.
Thus, assuming that for the comparison
the uncertainty due to the resolution of the
display of each machine is negligible, the
estimated variance of A_is

uA(a) = M " M

kde

S:V(ES):[Z;SZ(ES', )1/ m je prmér vybéro-
vych rozptylU stfednich hodnot kazdé z m
fad dulkd z,, provedenych pomoci etalo-
nového pfistroje;

s2(Z) =[] s*(Z)]/ n je pramér vybérovych
rozptylt stfednich hodnot kazdé z n rad
dalkd z, provedenych pomoci kalibraéniho
pristroje.

POZNAMKA

Rozptyly s2,(z;) a s2,(Z) jsou sdruzené odhady
rozptylQ; viz vysvétleni k rovnici (H.26b) v H.5.2.2.

n (H.36)
where

s2,(Z)=12." s*(z;;,)]/ mis the average of
the experimental variances of the means
of each of the m series of indentations z,
made by the standard machine;

s2(Z)=[2..,5°(z))]/ nis the average of the.

experimental variances of the means ofeach
of the n series of indentations z, made by
the calibration machine.

NOTE

The variances Sjv (z5) and Sazv (Z) are pooled estimates

of variance — see the discussion of equation (H.26b) in
H.5.2.2.
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H.6.3.3 Nejistota korekce z diivodu
kolisani tvrdosti bloku srovnavaciho
standardu, u(4,)

Mezindrodni doporuceni OIML R 12 pro
ovéreni a kalibraci tvrdosti , Rockwell C”
normalizovanych blok( vyzaduje, aby mi-
nimalni a maximalni hloubky ddlkd urcené
pomoci péti méreni na bloku srovndvaciho
standardu nebyly odliSné o vice nez zlo-
mek x prdmérné hloubky dualku, kde x je
funkce tvrdosti. Maximalni rozdil hloubky
dulkd z celého bloku je proto oznacen xz’,
kde z’ je definovdno v H.6.3.2 pro n = 5.
Maximalni rozdil je popsan pomoci troj-
Uhelnikového rozdéleni pravdépodobnosti
kolem stfedni hodnoty xz'/2 (za pravdépo-
dobného predpokladu, Zze hodnoty blizké
centralni hodnoté jsou mnohem pravdé-
podobnéjsi nez extrémni hodnoty - viz
4.3.9). Potom, jestize v rovnici (9b) v 4.3.9
je a = xz’/2, odhad rozptylu korekce k pru-
mérné hloubce dulku z ddvodu rozdild tvr-
dosti mérené etalonovym pfistrojem a pfi-
padné kalibra¢nim pfistrojem
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H.6.3.3 Uncertainty of the correction due
to variations in the hardness of the
transfer-standard block, u(4,)

OIML International Recommendation R 12,
Verification and calibration of Rockwell C
hardness standardized blocks, requires that
the maximum and minimum depths of in-
dentation obtained from five measurements
on the transfer-standard block shall not dif-
fer by more than a fraction x of the average
depth of indentation, where x is a function
of the hardness level. Let, therefore, the
maximum difference in the depths of inden-
tation over the entire block be xz’, where 2’
is as defined in H.6.3.2 with n =5 . Also let
the maximum difference be described by
a triangular probability distribution about
the average value xz'/2 (on the likely as-
sumption that values near the central value
are more probable than extreme values —
see 4.3.9). Then, if in equation (9b) in 4.3.9
a = xZ'/2, the estimated variance of the cor-
rection to the average depth of indentation
due to differences of the hardnesses pre-
sented respectively to the standard machine
and the calibration machine is

u(4) = (xz')%24

Jak je uvedeno v H.6.2, pfedpoklada se, ze
nejlepsi odhad korekce A, je sém nulovy.

H.6.3.4 Nejistota narodniho etalonového
pfistroje a definice tvrdosti, u(4,)

Nejistota narodniho etalonového pfistroje
spolecné s nejistotou v dlUsledku neuplné
definice veli¢iny tvrdosti je zaznamenana
jako odhad smérodatné odchylky u(A)
(velicina, ktera ma rozmér délka).

H.6.4 Kombinovana standardni nejistota,
u(h)

Vybér jednotlivych ¢lentizH.6.3.1azH.6.3.4
a jejich dosazeni do rovnice (H.34) posky-
tuje pro odhad rozptylu méreni tvrdosti
kombinovanou standardni nejistotu u_(h):

(H.37)

As indicated in H.6.2, it is assumed that the
best estimate of the correction A_ itself is
zero.

H.6.3.4 Uncertainty of the national
standard machine and the definition of

hardness, u(4,)

The uncertainty of the national standard
machine together with the uncertainty
due to incomplete definition of the quan-
tity hardness is reported as an estimated
standard deviation u(4,) (a quantity of di-
mension length).

H.6.4 The combined standard uncertainty,
u (h)

Collection of the individual terms discussed
in H.6.3.1 to H.6.3.4 and their substitution
into equation (H.34) yields for the estimat-
ed variance of the measurement of hard-
ness and the combined standard uncer-
tainty is u (h).
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2 2
RCANE

2
h =
uc(h) 5 12 m n

24
H.6.5 Ciselny pfiklad

Data pro tento priklad jsou shrnutd v tab-

ulce H.10. table H.10.

s2(zy) . s2,(2) . (xz')y

+U” +(Ay) +38)

H.6.5 Numerical example
The data for this example are summarized in

Tabulka H.10 - Souhrnna data pro urceni tvrdosti vzorku pouzitim stupnice Rockwell C

Table H.10 - Summary of data for determining the hardness of sample block on the scale

Rockwell C

Zdroj nejistoty
Source of uncertainty

Hodnota
Value

Pramérna hloubka d 5 dulka provedenych kalibra¢nim pfistrojem na
télese vzorku: 0,072 mm

Average depth d of 5 indentations made by the calibration machine in
the sample block: 0,072 mm

36,0 jednotek stupnice Rockwell

36,0 Rockwell scale unit

Ukazatel indexu tvrdosti vzorku z 5 dalku: (viz H.6.1)

Indicated hardess index of the sample block from the 5 indentations: (see
H.6.1)

H:oaemet ¢ = Procowen /(0,002 mm) = [100(0,002 mm) — 0,072 mm)]/(0,002 mm)

64,0 HRC

Sdruzena vybérova smérodatna odchylka s (d,) hloubky dalkd
provedenych kalibra¢nim strojem na télese s jednotnou tvrdosti

Pooled experimental standard deviation sp(dk) of the depths of
indentations made by the calibration machine in a block having uniform
hardness

0,45 jednotky stupnice Rockwell

0,45 Rockwell scale unit

Rozlisovaci schopnost d displaje kalibra¢niho pristroje

Resolution ¢ of the display of the calibration machine

0,1 jednotky stupnice Rockwell
0,1 Rockwell scale unit,

s,,(Z,), druhd odmocnina priiméru vyb&rovych rozptyll stfednich hodnot
m tad dulkd provedenych narodnim etalonovym pfistrojem na bloku
srovnavaciho standardu

s,,(Zs), square root of the average of the exerimental variances of the
means of m series of indentations made by the national standard machine
in the transfer-standard block

0,10 jednotky stupnice Rockwell,
m=6

0,10 Rockwell scale unit,
m=6

s,,(Z) . druhd odmocnina praméru vybérovych rozptyla stfednich hodnot
n fad dulkd provedenych kalibra¢nim pfistrojem na bloku srovnavaciho
standardu

0,11 jednotky stupnice Rockwell,
n==6

0,11 Rockwell scale unit,

Permitted fractional variation x of the depth of penetration in the transfer-
standard block

s,.(Z) . square root of the average of the experimental variances of the n=6
means of n series of indentations made by the calibration machine in the
transfer-standard block
Dovolena dil¢i zména x hloubky priniku v bloku srovnavaciho standardu

1,5x 1072

Standardni nejistota u(4,) narodniho etalonového pfistroje a definice
tvrdosti

Standard uncertainty u(4,) of the national standard machine and
definition of hardness

0,5 jednotky stupnice Rockwell
0,5 Rockwell scale unit
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Pouzitd stupnice je oznacena HRC podle
stupnice Rockwell C. Jednotka stupnice
Rockwell je 0,002 mm, a tedy v tabul-
ce H.10 a déle se rozumi, ze (napriklad)
»36,0 jednotek stupnice Rockwell” zna-
menéd 36,0 x (0,002 mm) = 0,072 mm,
pficemz se jednd o jednoduché vyjadreni
dat a vysledkd.

Jestlize hodnoty odpovidajici veli¢cinam
uvedenym v tabulce H.10 jsou dosazené
do rovnice (H.38), obdrzi se nasledujici dva
vyrazy

0,45° 0,7 0,10> 0,17 +(0,015><36,0)2

u’(h) = + + +
5 12 6 6 24
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The scale is Rockwell C, designated HRC.
The Rockwell scale unit is 0,002 mm, and
thus in table H.10 and in the follow-
ing it is understood that (for example)
”36,0 Rockwell scale unit” means
36,0 x (0,002 mm) = 0,072 mm and is simply
a convenient way of expressing the data
and results.

If the values for the relevant quantities giv-
en in table H.10 are substituted into equa-
tion (H.38), one obtains the following two
expressions:

+ 0,52} (jednotky stupnice Rockwell/Rockwell scale unit)?

= 0,307 (jednotky stupnice Rockwell/Rockwell scale unit)?

u(h) = 0,55 jednotek stupnice Rockwell
= 0,001 1 mm, kde pro ucely vypoctu nejis-
toty, je postacujici vzit z = d = 36,0 jedno-
tek stupnice Rockwell.

Tedy za predpokladu, ze A = 0, tvrdost
vzorku je

P e « = 64,0 jednotek stupnice Rockwell
nebo 0,128 mm s kombinovanou standardni
nejistotou u_= 0,55 jednotek stupnice Rock-
well nebo 0,001 1 mm.

Index tvrdosti vzorku je
hRockweIIC/(O’oozmm)=(ol128 Omm)/(0,00me)
nebo

H..coner c = 64,0 HRC s kombinovanou stan-
dardni nejistotou u_= 0,55 HRC

Dodatecné ke slozce nejistoty na za-
kladé ndarodniho etalonového pfristro-
je a definice tvrdosti u(A)= 0,5 jednotky
stupnice Rockwell, patfi vyznamné slozky
nejistoty, které se tykaji opakovatelnosti pfi-

stroje, s,(d,)/ J5 = 0,20 jednotky stupnice
Rockwell; a proménlivosti tvrdosti bloku srov-
navaciho standardu, kterd je (xz')%/24 = 0,11
jednotek stupnice Rockwell. Pocet efektiv-
nich stupnd volnosti u_ maze byt vyhodno-
cen pouzitim Welch-Satterthwaitova vzor-
ce, jak bylo uvedeno v H.1.6.

u (h) =0,55Rockwell scale unit=0,001 1 mm
where for the purpose of the calcula-
tion of uncertainty it is adequate to take

7' = d = 36,0 Rockwell scale unit.

Thus, if it is assumed that A_= 0, the hard-
ness of the sample block is
P cwer ¢ = 64,0 Rockwell scale unit or 0,128

mm with a combined standard uncertainty of
u_= 0,55 Rockwell scale unit or 0,001 1 mm.

The hardness index of the block is
hRockweIIC/(O’Oozmm)=(Ol1 28 Omm)/(oroozmm),
or

H. ocwer ¢ = 64,0 HRC with a combined stan-
dard uncertainty of u_= 0,55 HRC
In addition to the component of uncertain-

ty due to the national standard machine and
the definition of hardness, u(4,) = 0,5 Rock-

well scale unit, the significant components of
uncertainty are those of the repeatability

of the machine, s,(d,)/ J5 =0,20 Rockwell
scale unit; and the variation of the hard-
ness of the transfer-standard block, which
is (x2)4%24 = 0,11 Rockwell scale unit. The
effective degrees of freedom of u_can be
evaluated using the Welch-Satterthwaite
formula in the manner illustrated in H.1.6.
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Priloha J Annex J
Prehled nejdulezitéjsich znacek Glossary of principal symbols
polovi¢ni Sitka obdélnikového rozdéleni moznych hodnot vstupni veliCiny X:
a=(a,-a)l2
a
half-width of a rectangular distribution of possible values of input quantity
X:a=(a —a)
horni mez (horni hranice) vstupni veli¢iny X
a
* upper bound, or upper limit, of input quantity X,
dolni mez (dolni hranice) vstupni veli¢iny X.
a
B lower bound, or lower limit, of input quantity X
horni mez (horni hranice) odchylky vstupni veli¢iny X, od jejiho odhadu
b x:b, =a -x
* upper bound, or upper limit, of the deviation of input quantity X, from its
estimatex: b, =a_-x,
dolni mez (dolni hranice) odchylky vstupni veli¢iny X od jejiho odhadu
b X:b =x-a
B lower bound, or lower limit, of the deviation of input quantity X, from its
estimatex: b =x.-a_
parcialni derivace nebo koeficient citlivosti: ¢, = 0f/0x,
C.
’ partial derivative or sensitivity coefficient: ¢, = 0f/ox,
funkdni vztah mezi méfenou veli¢inou Y a vstupnimi veli¢cinami X, na kterych
Y zavisi a rovnéz i mezi odhadem vystupni hodnoty y a odhady vstupnich
; hodnot x, na kterych y zavisi
funcional relationship between measurand Y and input quantities X, on
which Y depends, and between output estimate y and input quantities x, on
which y depends
parcialni derivace vstupni veli¢iny X. fun¢niho vztahu f mezi méfenou
veli¢inou Y a vstupnimi veli¢inami X, na kterych je Y zavisla, hodnocena
odhadem x. pro X: o = o
. ! 'e OX. | xiX2 - uxy
offoxi . — . : . . . . .
partial derivative with respect to input quantity X. of functional relationship
f between measurand Y and input quantities X, on which Y depends,
evaluated with estimates x. for the X: o = o
! ! 6Xi aXI X1, Xa ooy Xy
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koeficient pokryti pouzity k vypoctu rozdifené nejistoty U = ku (y) odhadu
vystupni hodnoty y z jeji kombinované standardni nejistoty u (y), kde U
uruje interval Y = y + U, ktery ma vysokou konfidencni uroven

k
coverage factor used to calculate expanded uncertainty U = ku (y) of output
estimate y from its combined standard uncertainty u (y), where U defines an
interval Y = y + U having a high level of confidence
koeficient pokryti pouzity k vypoctu rozsitené nejistoty U = k u (y) odhadu vy-
stupni hodnoty y z jeji kombinované standardni nejistoty u (y), kde U urcuje

. interval Y =y + U, ktery ma vysokou stanovenou konfiden¢ni urovern p

P

coverage factor used to calculate expanded uncertainty U = k_ u (y) of output
estimate y from its combined standard uncertainty u (y), where U, defines an
interval Y = y + U having a high, specified level of confidence p
pocet opakovanych pozorovani

n
number of repeated observations

N pocet vstupnich velic¢in X, na kterych méfena veli¢ina Y zavisi
number of input quantities X.on which measurand Y depends
pravdépodobnost; konfidencni Uroven: 0 <p <1

p probability; level of confidence: 0 <p <1
ndhodna veli¢ina popsana rozdélenim pravdépodobnosti
randomly varying quantity described by a probability distribution
aritmeticky primér nebo stfedni hodnota n navzajem nezavislych pozorovani
g, nahodné veli¢iny g; odhad ocekavanych nebo stfednich hodnot u_ rozdéle-
ni pravdépodobnosti g

9 arithmetic mean or average of independent repeated observations g, ran-
domly varying quantity g; estimate of the expectation or mean p_ of the
probability distribution of g
k-té nezavislé opakované pozorovani g, nahodné veliciny q

q . . . .

« kth independent repeated observation g, of randomly-varying quantity q
odhad korela¢niho koeficientu odhadu vstupnich hodnot x; a x, pfislusnych
k odhadlm vstupnich veli¢in X a X : r(x, x) = u(x, x)/[u(x)u(x)]
r(x, x) . . o o C
estimated correlation coefficient associated with input estimates x; and x
d that estimate input quantities X. and X : r(x, x/.) = u(x, xj)/[u(xj)u(xj)]
odhad korela¢niho koeficientu stfednich hodnot vstuput X; a 7,-, nezavis-
lych pard soucasnych pozorovani X, a X, veli¢in X, a X.:
X XG) = s(X, X s(Xi)s(X )]
r(Xi, X;)

estimated correlation coefficient of input means X; and X, determined
from n independent pairs of repeated simultaneous obsevations X, and X o

of X;and X;: r(X:, X;) = s(Xi, X;MIs(Xi)s(X )]
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odhad korela¢niho koeficientu pfislusného k odhadu vystupnich hodnot y,
a y, kdyz dvé nebo vice méfenych veli¢in nebo vystupnich velicin je u¢eno tim
samym mérenim

rly, v,
vr¥) estimated correlation coefficient associated with output estimates y, and y,
when two or more measurands or output quantities are determined in the
same measurement
kombinovany nebo sdruzeny odhad rozptylu
2
Sp combined or pooled estimate of variance
sdruzend vybérova smérodatna odchylka, rovna kladné hodnoté druhé
odmocniny s
S
P pooled experimental standard deviation, equal to the positive square root
of s,
vybérovyrozptylstfednichhodnot g ; odhadrozptylus®npro q :s?(q) =s%q,)/n;
vybérovy rozptyl ziskany hodnocenim zpusobem A
s(q) experimental standard variance of the meangq; estimate of the variance
o’/n ofq :s?(q) =s%q,) / n; estimated variance obtained from a Type A evalu-
tion
vybérovd smérodatnd odchylka stfednich hodnot q, ktera je rovna kladné
druhé odmocninés*(q); s(q) je vychyleny odhad ¢ (q) (viz C.2.21, poznamka);
standartni nejistota z hodnoceni zpisobem A
s(q)
experimental standard deviation of the mean q, equal to the positive square
root of s?(q); s(q) is a biased estimator of o (q) (see C.2.21, note); standard
uncertainty obtained from a Type A evaluation
vybérovy rozptyl uréeny z n navzajem nezavislych opakovanych pozorovani
%) q, pro g; odhad rozptylu ¢° rozdéleni pravdépodobnosti q
s
i experimental variance determined from n independent repeated observa-
tions q, of g; estimate of the variance o2 of the probability distribution of q
vybérovd smérodatna odchylka, kterd je rovna kladné druhé odmocniné
s*(q,); s(q,) je vychyleny odhad smérodatné odchylky o rozdéleni pravdépo-
dobnosti g
s(q,)

experimental standard deviation, equal to the positive square root of s%(q,);
s(q,) is a biased estimator of the standard deviation ¢ of the probability dis-
tribution of g
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2 X;)

vybérovy rozptyl stfedni vstupni hodnoty X;, uréeny z n nezavislych opako-
vanych pozorovani X, pro X; odhad rozptylu je ziskan z hodnoceni zpUGso-
bem A '

experimental variance of input mean X;, determined from n independent
repeated observations X, of X; estimated variance obtained from a Type
A evaluation

S(Yi)

vybérova smérodatna odchylka stfedni vstupni hodnoty Y,-, kterd je rovna
kladné druhé odmocniné 52(7,-); standardni nejistota ziskand hodnocenim
zplUsobem A

experimental standard deviation of input mean X, equal to the positive

square root of s2(X;); standard uncertainty obtained from a Type A evaluati-
on

odhad kovariance stfednich hodnot g a r s jejich o¢ekavanymi hodnotami
U, a p, dvou nadhodné proménnych veli¢in g a r, uréenych z n navzajem neza-
V|,slylch paru soucasr\yd;\ opakovanych pozorovani g, a r,; odhad kovariance je
ziskan z hodnoceni zplsobem A

estimate of covariance of means g and r that estimate the expectations H,
and u_of two randomly-varying quantities g and r, determined from n inde-
pendent pairs of repeated simultaneous observations q, and r, of g and r;
estimated covariance obtained from a Type A evaluation

S(Yi,)_(-)

odhad kovariance stiednich vstupnich hodnot X; a )_(j uréenych z n navzajem
nezavislych pard soucasnych opakovanych pozorovani X;, a X, pro X a X; ;
odhad kovariance je ziskan z hodnoceni zpusobem A

estimate of the covariance of input means X; and )_(]. , determined from n in-
dependent pairs of repeated simultaneous observations X, and X\ of X, and

Xj ;estimated covariance obtained from a Type A evaluation

t,(v)

t-faktor z t-rozdéleni pro v stuprili volnosti odpovidajici dané pravdépodob-
nosti p

t-faktor from t-distribution for v degrees of freedom corresponding to a gi-
ven probability p

t, (Ve

t-faktor z t-rozdéleni pro v_. stuprid volnosti odpovidajici dané pravdépodob-
nosti p, pouzité k vypoctu rozsifené nejistoty U,

t-faktor from t-distribution for v_, degrees of freedom corresponding to a gi-
ven probability p, used to calculate expanded uncertainty U,
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u?(x)

I

odhad rozptylu pfifazeny k odhadu vstupu x, ktery odhaduje vstupni veli-
¢inu X,

POZNAMKA Jestlize x, je uréen z aritmetického praméru nebo stfedni hodnoty n nezavislych opa-
kovanych pozorovani, u*(x) = s2(X7) je odhad rozptylu ziskany z hodnoceni zptisobem A.
estimated variance associated with input estimate x, that estimates input
quantity X,

NOTE When x, is determited from the arithmetic mean or average of n independent repeated

observations, u*(x) = sz(;(/) is an estimated variance obtained from a Type A evaluation.

u(x)

I

standardni nejistota odhadu vstupu x, ktera odhaduje vstupni veli¢iny X,
ktera je rovna kladné hodnoté druhé odmocniny u?(x)

POZNAMKA Jestlize x. je urcen z aritmetického priméru nebo stiedni hodnoty n nezavislych opa-

kovanych pozorovani, u(x) = 5(7(/) je standardni nejistota ziskana z hodnoceni zpisobem A

standard uncertainty of input estimate x, that estimates input quantity X,
equal to the positive square root u?(x)

NOTE When x;is determited from the arithmetic mean or average of n independent repeated

observations, u(x) = s(X/) is a standard uncertainty obtained from a Type A evaluation.

ulx, x].)

odhad kovariance pfifazené k dvéma odhadim vstupl x; a x, které jsou od-
hady vstupnich velic¢in X; a X;

POZNAMKA Jestlize x;ax jsouurleny zn nezavislych pari opakovanych soucasnych pozorovani,
u(x, x/.) = s(;(/, ;(/) je odhad kovariance ziskany z hodnoceni zplsobem A

estimated covariance associated with two input estimates x; and x; that estimate
input quantities X, and X;
NOTE When x, and x; are determited from n independent pairs of repeated simultaneous

observations, u(x, xj)= s(y(,-, )_(/) is an estimated covariance obtained from a Type A evaluation

u(y)

kombinovany rozptyl spojeny s vystupnim odhadem y
combined variance associated with output estimate y

u(y)

kombinovand standardni nejistota odhadu vystupni hodnoty y, kterd je rovna

kladné druhé odmocniné u?(y)
combined standard uncertainty of output estimate y, equal to the positive

square root of u?(y)

ucA(y)

kombinovana standardni nejistota odhadu vystupni hodnoty y, uréena ze
standardnich nejistot a odhadud kovarianci ziskanych samostatné z hodno-
ceni zpusobem A

combined standard uncertainty of output estimate y determined from
standard uncertainties and estimated covariances obtained from a Type
A evaluations alone

222



SBORNIKY TECHNICKE HARMONIZACE 2012

ucB (y)

kombinovana standardni nejistota odhadu vystupni hodnoty y, urena ze
standardnich nejistot a odhadud kovarianci ziskanych samostatné z hodno-
ceni zpusobem B

combined standard uncertainty of output estimate y determined from stan-
dard uncertainties and estimated covariances obtained from a Type B evalua-
tions alone

u(y)

kombinovana standardni nejistota odhadu vystupni hodnoty y, kdy dvé nebo
vice méfenych veli¢in nebo vystupnich veli¢in je ur¢eno tim samym mérenim

combined standard uncertainty of output estimate y, when two or more me-
asurands or output quantities are determined in the same measurement

ui(y)

slozka kombinovaného rozptylu u?(y) ktery je pfislusny k odhadu vystupni
hodnoty y, ktery je vytvofen odhadem rozptylu u?(x), pfislusnym k odhadu
vstupni hodnoty x: u?(y) = [cu(x)]?

component of combined variance uZ(y) associated with output estimate
y generated by estimated variance u?(x) associated with input estimate x:

u(y) = [cu(x)l?

uy)

slozka kombinované standardni nejistoty u (y) odhadu vystupu y, ktery se vytvafi
ze standardni nejistoty vstupniho odhadu x;: u(y) = Iclu(x)

component of combined standard uncertainty u (y) of output estimate y ge-
nerated by standard uncertainty of input estimate x;: u(y) = Iclu(x)

u(y. yj.)

odhad kovariance pfifazené k vystupnim odhadim y, a y;, urcenych ze stejne-
ho méreni

estimated covariance associated with output estimates y, and y, determited in
the same measurement

u(x)/Ix|

relativni standardni nejistota odhadu vstupni hodnoty x,

relative standard uncertainty of input estimate x,

u (yMyl

relativni kombinovana standardni nejistota odhadu vystupni hodnoty y
relative combined standard uncertainty of output estimate y

[ulx)/x]?

odhad relativniho rozptylu, ktery je pfislusny k odhadu vstupni hodnoty x,

estimated relative variance associated with input estimate x;

[u ) yI?

relativni kombinovany rozptyl pfifazeny k odhadu vystupni hodnoty y
relative combined variance associated with output estimate y

ulx, x)/Ix. x|
J [

odhad relativni kovariance pfislusné k odhadu vstupnich hodnot x; a x;

estimated relative covariance associated with input estimates x, and X;
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rozsirend nejistota odhadu vystupnich hodnot y, kterd uréuje Y=y + U s vyso-
kou konfiden¢ni Urovni a rovna se soucinu koeficientu pokryti k a kombino-
vané standardni nejistoty u (y) pro y: U = ku (y)

U
expanded uncertainty of output estimate y that defines an interval Y=y + U
having a high level of confidence, equal to coverade factor k times the com-
bined standard uncertainty u (y) of y: U = ku (y)
rozsifena nejistota odhadu vystupni hodnoty y definuje interval Y =y + U,
s vysokou konfidenéni trovni p a rovna se soucinu faktoru pokryti k a kom-
U binované standardni nejistoty u (y) pro y: U =k u (y)
P expanded uncertainty of output estimate y that defines aninterval Y=y + U,
having a high, specified level of confidence p, equal to coverade factor
k, times the combined standard uncertainty u (y) of y: U, = k_u (y)
odhad vstupni veli¢iny X.
POZNAMKA Jestlize x, se ur¢i z aritmetického priméru nebo stfedni hodnoty n navzajem ne-
zavislych opakovanych pozorovani, plati x; = Y,‘.
X,
' estimate of input quantity X
NOTE when x; is determined from the arithmetic mean or average of n independent repeated
observations, x;= Y;.
i-ta vstupni veli¢ina, na které mérena veli¢ina Y zavisi
X POZNAMKA X, mGze byt fyzikalni veli¢cina nebo nahodna veli¢ina (viz 4.1.1, poznamka 1).
' ith input quantity on which measurand Y depends
NOTE X may be the physical quantity or the random variable (see 4.1.1, note 1).
odhad hodnoty vstupni veliciny X, ktery je roven aritmetickému priméru
. nebo stfedni hodnoté n nezavislych opakovanych pozorovani X, veliciny X;
Xi estimate of the value of input quantity X, equal to arithmetic mean or average
of n independent repeated observations X, of X.
X k-té opakované nezavislé pozorovani X,
i kth independent repeated observation of X.
odhad mérené veliciny Y; vysledek méreni; odhad vystupni hodnoty
y . .
estimate of measurand Y; result of a measurement; output estimate
odhad mérené velic¢iny Y, kdyz dvé nebo vice méfenych veli¢in jsou ureny
tim samym méfenim
Y . . .
estimate of measurand Y, when two or more measurands are determined in the
same measurement
v mérena veli¢ina
a measurand
odhad relativni nejistoty standardni nejistoty u(x) odhadu vstupni hodnoty x.
Au(x)/u(x)

estimated relative uncertainty of standard uncertainty u(x) of input estimate x,
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oCekdvana nebo stfedni hodnota rozdéleni pravdépodobnosti nahodné
proménné veliciny q

expectation or mean of probability distribution of randomly-varying quantity g

pocet stupnl volnosti (obecné)

degrees of freedom (general)

pocet stupnit volnosti nebo efektivnich stuprit volnosti standardni nejistoty
u(x) odhadu vstupni veli¢iny x.

degrees of freedom, or effective degrees of freedom, of standard uncertainty
u(x) of input estimate x

eff

poﬁet efektivnich stupridi volnosti u (y) k ziskani t (v.,) pro vypocet rozsifené
nejistoty U ,

effective degrees of freedom of u(y), used to obtain t (v ) for calculating
expanded uncertainty U,

effA

pocet efektivnich stupnd volnosti kombinované standardni nejistoty urceny ze
standardnich nejistot ziskanych samostatné z hodnoceni zplsobem A

effective degrees of freedom of a combined standard uncertainty determined
from standard uncertainties obtained from Type A evaluations alone

veffB

pocet efektivnich stupnl volnosti kombinované standardni nejistoty uréeny
ze standardnich nejistot ziskanych samostatné z hodnoceni zplsobem B

effective degrees of freedom of a combined standard uncertainty determined
from standard uncertainties obtained from Type B evaluations alone

rozptyl rozdéleni pravdépodobnosti (napfiklad) ndhodné veli¢iny q, odhad-
nuté pomoci s*(q,)

variance of probability distribution of (for example) a randomly-varying
quantity g, estimated by s*(q,)

smérodatnd odchylka rozdéleni pravdépodobnosti, ktera je rovna kladné
druhé odmocniné o7 s(q,) je vychyleny odhad o

standard deviation of a probability distribution, equal to positive square root
of 6% s(q,) is a biased estimator of ¢

rozptylq, ktery je roven ¢%n, odhadnuty pomoci s*(q)=s%q,)/ n

variance of @, equal to ¢%n, estimated by s*(q)=s%q,) /n

o(q)

smérodatna odchylkaq, ktera je rovna kladné druhé odmocniné ¢%(g); s(q)
je vychyleny odhad o(q)

standard deviation of g, equal to positive square root of ¢%(q); s(q) is a bi-

ased estimator of o(q)
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rozptyl vybérové smérodatné odchylky s(q) pro q

o® [s(q)]
variance of experimental standard deviation s(g) of g
smérodatna odchylka vybérové smérodatné odchylky s(g) proq, ktera je
rovna kladné druhé odmocniné o2 [s(g)]

ols(q)]

standard deviation of experimental standard deviation s(cT) ofq, equal to

positive square root of o2 [s(q) ]
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POZNAMKA

Cesky preklad Doporuéeni INC-1 (1980) uvedeny
v uvodu tohoto pokynu (viz 0.7) je kone¢nou verzi
doporuceni a je prevzato z interni zpravy BIMP. Je
shodné s autorskym francouzskym textem doporu-
¢eni uvedenym v BIPM Proc.-Verb. Com. Int. Poids et
Mesures 49 a uveden v A.1 pfilohy A tohoto pokynu.
Metrologia 17 uvadi anglicky preklad doporuceni
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v 0.7.
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Int. Poids et Mesures 49 and reproduced in A.1,
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POZNAMKA

Tato norma je v soucasné dobé revidovana.
Revidované znéni ma novy nazev “Accuracy (true-
ness and precision) of measurement methods and
results” a sklada se z Sesti Casti.

NOTE

This standard is currently being revized. The revision
has a new title “Accuracy (trueness and precision) of
measurement methods and results” and it is com-
posed of six parts.

[6] International vocabulary of basic and general terms in metrology, second edition,
1993, International Organization for Standardization (Zeneva, Svycarsko). Zkratka

nazvu tohoto slovniku je VIM.

POZNAMKY

1 Definice termind uvedené v priloze B jsou pre-
vzaty z prepracovaného anglického textu VIM
v jeho kone¢ném znéni pred publikovanim.

2 Druhé vydani VIM je publikovdno Mezinarodni
organizaci pro normalizaci (ISO) jménem néasle-
dujicich sedmi organizaci, které spolupracovaly
na dile Technické poradni skupiny 4 (TAG 4), sku-
pina koordinovala vyvoj VIM: Mezindrodni urad
pro vahy a miry (BIPM), Mezinarodni elektrotech-
nicka komise (IEC), Mezinarodni federace pro kli-
nickou chemii (IFCC), I1SO, Mezinarodni unie pro
Cistou a aplikovanou chemii (IUPAC), Mezinarod-
ni unie pro cistou a aplikovanou fyziku (IUPAP)
a Mezinarodni organizace pro legdlni metrologii
(OIML).

3 Prvni vydani VIM publikovalo ISO v roce 1984
jménem BIMP, IEC, ISO a OIML.

NOTES

1 The definitions of terms given in Annex B are
taken from the revised English text of the VIM in
its final form prior to publication.

2 The second edition of the VIM is published by the
International Organization for Standardization
(ISO) in the name of the following seven organi-
zations that participate in the work of ISO Tech-
nical Advisory Group 4 (TAG 4), the group that
supported the development of the VIM: the Bu-
reau International des Poids et Mesures (BIMP),
the International Electrotechnical Commission
(IEC), the International Federation of Clinical
Chemistry (IFCC), ISO, the International Union of
Pure and Applied Chemistry (IUPAC), the Interna-
tional Union of Pure and Applied Physics (IUPAP),
and the International Organization of Legal Me-
trology (OIML).

3 The first edition of the VIM was published by ISO in
1984 in the name of the BIMP, IEC, ISO and OIML.
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Abecedni rejstrik

A

Allantv rozptyl 4.2.7 hodnota, pravd B.2.3,D.3

analyza chyby 0.2 hranice 4.3.7,4.3.8,4.3.9,4.45

ANOVA 4.2.8,H.5 hustota pravdépodobnosti 3.3.5, C.2.5
apriorni rozdéleni 4.1.6 CH

arltmetl-cky’prumfzr fl.1.4, 4.2.1,C2.19 charakteristika C€.2.15

asymetrické rozdéleni 4.3.8, F2.4.4,G.5.3 chyba 347

B chyba, systematickd B.2.22

BIPM Predmluva, 0.5, A.1, A.2 chybové krivka F.2.4.2

blize urcena veli¢cina 3.1.1, B.2.1 |

C IEC Predmluva. A.3

centrdIni moment fadu g C.2.13, C.2.22, E.3.1 IFCC Predmluva

centrovana nahodna veli¢ina C.2.10 ISO Predmluva, A.3

CIPM Predmluva, 0.5, A.1, A.2, A3 ISO/TAG 4/WG 3 Predmluva

cizi vstupni hodnota F.2.3.1 IUPAC Predmluva

Comité International des Poids et Mesures Predmluva IUPAP Predmluva

C J

Cetnost C.2.17 jednostranny konfiden¢ni interval C.2.28
cetnost, relativni  E.3.5 jisty E.1.2

¢len vyssiho radu  5.1.2 K

D kalibra¢ni kfivka F.2.4.2, F.2.4.5
distribu¢ni funkce C.2.4 kalibra¢ni krivka, linedrni H.3
Doporuceni 1 (C1-1981) 0.5, A.2 kalibra¢ni retézec 4.2.8

Doporuceni 1 (C1-1986) 0.5, A.3 koeficient citlivosti 5.1.3,5.1.4
Doporuceni INC-1 (1980) 0.5, A.1 kombinovana standardni nejistota 2.3.4, 3.3.6, 4.1.5,
dvoustranny konfidenéni interval C.2.27 5.1.1,5.1.2,5.1.3,5.2.2,6.1.1,7.2.1,D.6.1, E.3.6

kombinovany rozptyl 3.3.6, 5.1.3

E konfiden¢ni interval 6.2.2, C.2.27, C.2.28
efektivni stupné volnosti 6.3.3 konfidenéni drovelt  6.2.2, C.2.29, G
F konvenc¢né prava hodnota B.2.4
koeficient roziiteni 2.3.6 konvoluce 4.3.9
F-rozdéleni H.5.2.3 korekce 3.2.3,3.2.4,B.2.23
F-test H.5.2.2, H.5.2.4 korek¢ni faktor 3.2.3, B.2.24
funkce, pravdépodobnosti  C.2.6 korelace 5.2.1,5.2.2,C.2.8
korela¢ni 5.1
G

korela¢ni koeficient 5.2.2, C.3.6

grafické zndzornéni D.6 korela¢ni koeficient, matice 7.2.5, C.3.6

grafické znazornéni vypoctu standardni

nejistoty 4.4 korigovany vysledek B.2.13

kovariance 3.3.6,C.3.4
H kovarian¢ni matice 3.1.7, C.3.5
hierarchie méreni 7.1.1 krivka, kalibra¢ni F.2.4.2, F2.4.5
histogram 4.4.3
hodnoceni chyby méreni 3.4.5
hodnoceni zplUsobem A 2.3.2, 4.2

L
Laplace-Gaussovo rozdéleni C.2.14

legalni metrologie 3.4.5
hodnoceni zpGsobem A pro kovarianci 5.2.3 ega’ni metrologie

hodnoceni zplsobem B 2.3.3, 4.3
hodnoceni zplsobem B, potfeba F.2.1
hodnota 3.1.1, B.2.2

hodnota veli¢ciny B.2.2

legalni metrologie, mezindrodni organizace Predmluva
lichobéznikové rozdéleni 4.3.9

limit spravnosti 6.3.1

linearni kalibra¢ni kfivka H.3

hodnota, korigovand D.3 M
hodnota, konvencné pravd B.2.4 matematicky model 3.1.6, 4.1
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matematicky uréené rozdéleni F.2.2

matice korelacnich koeficientd 7.2.5, C. 3.6
matice, kovarian¢ni  3.1.7, C.3.5

maximalni entropie, princip 4.3.8

mérena veli¢ina 3.1.1, B.2.9, D.1.1

méreni 3.1.1,B.2.5

éreni, hierarchie 7.1.1

3

éreni, model 4.1

3

méreni, postup 3.1.1, B.2.8
méreni, pfesnost 3.1.3, 3.4.1, B.2.14
méreni, vysledek B.2.11, 3.1.2

f
g
g
méreni, nejlepsi mozné D.3.4
¥
f
g
méfitelnd veli¢cina B.2.1
metoda méreni 3.1.1, B.2.7
metoda nejmensich ¢tvercl 4.2.5
mez chyby, maximalni E.4.1
maximalni mez chyby E.4.1
Mezinarodni elektrotechnicka komise Predmluva
Mezinarodni federace pro klinickou chemii Predmluva
Mezindrodni komise pro vahy a miry Pfedmluva, A.1, A.2, A3

Mezinarodni organizace pro legdlni metrologii Predmlu-
va

Mezinarodni organizace pro normalizaci Predmluva, A.3
Mezinarodni slovnik metrologie (VIM) 2.1

Mezinarodni slovnik zakladnich a vSeobecnych termint
metrologie 2.1

Mezindrodni systém jednotek 0.3

Mezindrodni unie pro ¢istou a aplikovanou fyziku Pfedmluva
Mezinarodni unie pro cistou a aplikovanou chemii  Pfedmluva
Mezinarodni komise pro vahy a miry Prfedmluva
minimalni konfidencni Urovenn F.2.3.2

model méreni 4.1

moment fadu q, centralni C.2.13, C.2.22, E.3.1

N

nahodilost F.1.1

nahodna veli¢ina 4.2.1, C.2.2

nahodna veli¢ina, centrovand C.2.10

nadhodny 3.2.1,3.2.2,3.3.3,B.2.21, E.1.3

nahodny rozptyl 4.2.7

narodni metrologicky institut Predmluva

nejistota D.5

nejistota méreni 0.1, 0.2, 2.2, 2.2.1, 2.2.3, B.2.18, D.5
nejistota méreni, rozsirena 2.3.5

nejistota, kombinovand 2.3.4,3.3.6,4.1.5,5.1.1, 5.1.2,
5.1.3,5.2.2,6.1.1,7.2.1,D.6.1, E3.6

nejistota, realistické hodnoceni E.2
nejistota, rozsifena 7.2.3

nejistota, standardni 2.3.1

nejlepsi mozné méreni D.3.4

nejvétsi pripustna chyba F.2.4.2
nekorigovany vysledek méreni B.2.12
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nelinearni funkce 4.1.4

nezavislé opakovani F.1.1.2

nezavislé pary opakovanych soucasnych pozorovani 5.2.3
nezavislost C.3.7

nezavisly 5.1

normalni rozdéleni 4.3.4, C.2.14

(o}

obdélnikové rozdéleni 4.3.7
ocekdvand hodnota 3.2.2, C.2.9, C.3.1
ocekdvana velicina F.2.4.3

odhad 4.2.7, C.2.25

odhad hodnoty 3.1.2, C.2.26

odhad vstupni veliciny 4.1.4

odhad vystupni hodnoty 4.1.4
odhadovani C.2.24

odchylka méreni 0.2,3.2.1,B.2.19,D.4
odchylka méreni, ndhodnad B.2.21
odchylka méreni, relativni B.2.20
odchylka méreni, hodnoceni 3.4.5
OIML Pfedmluva, A.3

opakovana pozorovani 3.1.5
opakovani, nezavislé F.1.1.2
opakovatelnost B.2.15
opakovatelnost, podminky 3.1.4, B.2.15
ovliviujici velicina 3.1.5, B.2.10

P
parametr C.2.7

parcialni derivace 5.1.3

podminky opakovatelnosti 3.1.4, B.2.15
pokryvny interval, statisticky C.2.30
pokryti, pravdépodobnostni 6.2.2
porovnatelna kalibrace F.1.2.3

postup méreni 3.1.1, B.2.8

potieba hodnoceni zplsobem B F.2.1
pozorovani, opakované 3.1.5,

Pracovni skupina 3 Predmluva

Pracovni skupina pro vyjadreni nejistoty Predmluva
pravad hodnota B.2.3,D.3
pravdépodobnost C.2.1, C.2.6
pravdépodobnost, hustota 3.3.5, C.2.5
pravdépodobnostni pokryti 6.2.2
pravdépodobnost, subjektivni 3.3.5, C.2.1
pravdépodobnostni 3.3.4, C.2.3

princip maximalni entropie 4.3.8

princip méreni B.2.6

pramér 4.1.4,4.2.1,C.2.19

pramér, aritmeticky 4.1.4,4.2.1, C.2.19
prfesnost B.2.14

pfesnost méfeni 3.1.3,3.4.1.B.2.14
priklady H
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R

realistické hodnoceni nejistoty E.2
realizovana veli¢ina D.2

relativni cetnost E.3.5

relativni chyba B.2.20

relativni kombinovana standardni nejistota 5.1.6
relativni kombinovany rozptyl 5.1.6
relativni rozptyl 5.1.6

relativni rozsifend nejistota 7.2.3
relativni standardni nejistota 5.1.6
reprodukovatelnost B.2.16

rozdéleni ¢etnosti  3.3.5, C.2.18
rozdéleni pravdépodobnosti 3.3.4, C.2.3
rozdéleni F H.5.2.3

rozdéleni, Laplace-Gaussovo C.2.14
rozdéleni, lichobéznikové 4.3.9
rozdéleni, matematicky ur¢ené F.2.2
rozdéleni, normalni 4.3.4, C.2.14
rozdéleni, obdéinikové 4.3.7

rozdéleni, Studentovo C.3.8,G.3.2,G.3.4
rozdéleni, t- C.3.8,G.3.2,G.3.4
rozdéleni, trojuhelnikové 4.3.9

rozptyl 3.1.3.1.7,C. 2.1.1, C. 2.20, C.3.2
rozptyl stredni hodnoty 4.2.3

rozptyl, Allenliv  4.2.7

rozptyl, kombinovany 3.3.6,5.1.3
rozsifend nejistota 2.3.5,6.2.1,7.2.3

S

sdruzend vybérovd smérodatna odchylka 4.2.4
sdruzeny odhad rozptylu 4.2.4

SI 0.3

smérodatnd odchylka 3.3.5, C.2.12. C.2.21, C.3.3
smérodatna odchylka stfedni hodnoty, vybérova 4.2.3, B.2.17
smérodatna odchylka, sifeni E.3

smérodatna odchylka, vybérova 4.2.2, B.2.17
souhrn 8

spektrum méreni 1.1

standardni nejistota 2.3.1

standardni nejistota zpUsobem A 3.3.5
standardni nejistota zplsobem B 3.3.5

standardni nejistota, kombinovana 2.3.4, 3.3.6, 4.1.5,
5.1.1,5.1.2,5.1.3,5.2.2,6.1.1,7.2.1, D.6.1, E.3.6

standardni nejistota, hodnoceni zpGsobem A 4.2
standardni nejistota, hodnoceni zptisobem B 4.3
statisticky pokryvny interval C.2.30

statistika 4.2.7, C.2.23

stfedni hodnota C.2.9

Studentovo rozdéleni C.3.8, G.3.2, G.3.4

stupen volnosti  4.2.6, C.2.31, G

stupen volnosti, efektivni 6.3.3

subjektivni pravdépodobnost 3.3.5, C.2.1

systém jednotek, mezinarodni 0.3

systematicky 3.2.1,3.2.3,3.3.3,B.2.22, E.1.3
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S

sireni konfidencnich intervald E.3.3
sireni smérodatné odchylky E.3

T

TAG 4 Predmluva

Taylorova fada 5.1.2

technicka poradenska skupina metrologie Predmluva
teorie centralniho limitu G.1.6, G.2.1, G.2.2, G.2.3
trojuhelnikové rozdéleni 4.3.9

t-faktor E.3.3

t-rozdéleni C.3.8,G.3.2,G.3.4

u

uroven konfidence 6.2.2

\"

varian¢ni analyza 4.2.8, H.5

veli¢ina, blize ur¢enda 3.1.1, B.2.1

veli¢ina, centrovana nadhodna C.2.10

veli¢ina, méfena B.2.9, D.1.1

veli¢ina, méfritelnd B.2.1

veli¢ina, ovliviujici B.2.10

veli¢ina, realizovand D.2

véta centrdlniho limitu G.1.6,G.2.1,G. 2.2,G.2.3
VIM 2.1

vstupni veli¢cina 4.1.2

vstupni veli¢ina, cizi F.2.3.1

vybérovd smérodatna odchylka 4.2.2, B.2.17

vybérova smérodatnd odchylka stfedni hodnoty 4.2.3,
B.2.17

vybérova smérodatna odchylka, sdruzenda 4.2.4
vybérovy rozptyl stredni hodnoty 4.2.3
vychyleni 3.2.3

vysledek méfeni 3.1.2, B.2.11

vysledek méreni, korigovany B.2.13
vysledek méreni, nekorigovany B.2.12
vystupni veli¢ina 4.1.2

vyvazeny zatfidény soubor H.5.3.1
vzorec Welch-Satterthwaitav  G.4.1

w

Welch-Satterthwaitlv vzorec G.4.1

z

zakladni soubor C.2.16

zékon o Sifeni chyby 5.2.2

zékon o Sifeni nejistoty 3.3.6, E.3, E.3.2
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Alphabetical index

A

accuracy of measurement 3.1.3, 3.4.1,B.2.14
analysis of variance see ANOVA

ANOVA 4.2.8, H.5 et seqq.

arithmetic mean 4.1.4 note, 4.2.1, C.2.19
average see arithmetic mean

B

bias 3.2.3 note

BIPM Foreword, 0,5, 7.1.1, A.1, A.2

blunders 3.4.7

bounds on an input quatity 4.3.7-4.3.9,4.4.5,4.4.6,F2.3.3
Bureau International des Poids et Mesures see BIPM

C

calibration chain 4.2.8 note
calibration, comparison F.1.2.3 note
calibration curve F.2.4.2,F2.4.5
calibration curve, linear H.3 et seqq.

Central Limit Theorem G.1.6, G.2, G.2.1-G.2.3, G.6.2,
G.6.5, G.6.6

central moment of order g C.2.13, C.2.22, E.3.1 note 1
centred random variable C.2.10

characteristic C.2.15

CIPM Foreword, 0.5, 6.1.1, 6.1.2, A.1, A2, A3

combined standard uncertainty 2.3.4,3.3.6,4.1.5,5,5.1.1 -
5.1.3,5.1.6,5.2.2,6.1.1, D.6.1, E.3.6

combined standard uncertainty and Comités
Consultatifs 6.1.1, A.3

combined standard uncertainty and interational
comparisons 6.1.1, A.3

combined standard uncertainty from Type A components
alone 7.2.1, G.4.1 note 3

combined standard uncertainty from Type B components
alone 7.2.1, G.4.1 note 3

combined standard uncertainty, numerical calculation
of 5.1.3 note 2, 5.2.2 note 3

combined standard uncertainty, relative 5.1.6, 7.2.1

combined standard uncertainty, reporting 7.2.1, 7.2.2

Comité International des Poids et Mesures see CIPM

confidence coefficient C.2.29

confidence interval 4.2.3 note 1, 6.2.2, C.2.27, C.2.28, E.3.3

confidence intervals, propagation of E.3.3

confidence level 6.2.2, C.2.29

conventional true value of a quantity B.2.4

convolution see probability distributions, convolving

corrected result B.2.13,D.3.1,D.3.4,D.4

correction 3.2, 3.2.3, 3.2.4 note 2, B.2.23

correction factor 3.2.3,B.2.24

correction, ignoring a 3.2.4 note 2, 3.4.4, 6.3.1 note, F.2.4.5

correction, uncertainty of a see uncertainty of a correc-
tion

correlated input estimates or quantities see correlation

correlated output estimates or quantities 3.1.7, 7.2.5,
H.2.3, H.2.4, H.3.2, H.4.2
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correlated random variations 4.2.7
correlation 5.1, 5.2, etseqq. C.2.8, 1.2, F1.2.1-F1.2.4

correlation coefficient 5.2.2, 5.2.3, C.3.6, F.1.2.3, H.2.3,
H.2.4, H.3.2, H.4.2

correlation coefficient matrix 7.2.5, C.3.6 note 2
correlation coefficient, significant digits fora 7.2.6
correlation, elimination of 5.2.4,5.2.5, F.1.2.4, H.3.5
covariance 3.3.6,5.2.2, C.3.4,F1.2.1-F1.2.4

covariance, experimental evaluation of 5.2.5, C.3.6
note 3

covariance matrix 3.1.7, 5.2.2 note 2, 7.2.5, C.3.5, H.2.3

covariance of related measurands see correlated output
estimates or quantities

covariance of two arithmetic means 5.2.3, C.3.4, H.2.2,
H.2.4, H4.2

coverage factor 2.3.6, 3.3.7, 4.3.4 note, 6.2.1, 6.3 et eqq.,
G.1.3, G.2.3, G.3.4, G.6.1 et seqq.

coverage probability 0.4, 2.3.5 note 1, 3.3.7,6.2.2, G.1.1,
G.1.3,G.3.2

curve, calibration see calibration curve

D
degree of belief 3.3.5, E.3.5, E.4.4, E.5.2 note

degrees of freedom 4.2.6, C.2.31,E.4.3, G, G.3, G.3.2,
G.3.3,G.6.3,G.6.4

degrees of freedom, effective 6.3.3, G.4, G.4.1, G.5.4,
G.6.2 et seqq.

degrees of freedom, effective, of Type A components
alone 7.2.1, G.4.1 note 3

degrees of freedom, effective, of Type B components
alone 7.2.1, G.4.1 note 3

degrees of freedom of a pooled estimate of variance (or
of a pooled experimental standard deviation) H.1.6, H.3.6
note

degrees of freedom of a Type A standard uncertainty
G.3.3,G.6.3,G.6.4

degrees of freedom of a Type B standard uncertainty
G.4.2,G.43,G.6.3, G.6.4

design, balanced nested H.5.3.1, H.5.3.2

distribution, a priori 4.1.6, 4.3.1 note, 4.4.4 et seqq.,
D.6.1,E.3.4,E.3.5 G.4.2,GA43

distribution, asymmetric 4.3.8, F.2.4.4, G.5.3,
distribution, F- see F-distribution

distribution, frequency see frequency distribution
distribution function C.2.4

distribution, Laplace-Gauss see Laplace-Gauss distribution
distribution, normal see normal distribution
distribution, probability see probability distribution

distribution, rectangular 4.3.7,4.3.9,4.4.5,F2.2.1-F2.2.3,
F.2.3.3,G.2.2 note 1, G.4.3

distribution, convolving probability see probability distribu-
tion, convolving

distribution, mathematically determinate F.2.2
distribution, Student’s see Student’s distribution
distribution, t- see t-distribution

distribution, trapeziodal 4.3.9

distribution, triangular 4.3.9, 4.4.6, F.2.3.3
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E

effect, random see random effect
effect, systematic see systematic effect
error analysis 0.2

error und uncertainty, confusion between 3.2.2 note 2,
3.2.3 note, E.5.4

error bound, maximum E.4.1

error curve of a verified instrument F.2.4.2
error, determining 3.4.5

error, maximum permissible F.2.4.2

error of measurement 0.2, 2.2.4, 3.2, 3.2.1 note, 3.2.2
note 2, 3.2.3, note, 3.3.1 note, 3.3.2, B.2.19, D, D.4,
D.6.1, D.6.2, E.5.1 et seqq.,

error propagation, general law of 5.2.2 note 1, E.3.2
error, random see random error

error, relative see relative error

error, systematic see systematic error

estimate 3.1.2, C.2.26

estimate, input see input estimate

estimate, output see output estimate

estimation C.2.24

estimator 4.2.7, C.2.25

expanded uncertainty 2.3.5,3.3.7,6,6.2.1-6.2.3, G.1.1,
G.2.3,G.3.2,G4.1,G.5.1,-G.5.4,G.6.4,-G.6.6

expanded uncertainty for asymmetric distribution 6.5.3
expanded uncertainty, relative 7.2.3
expanded uncertainty, reporting 7.2.3,7.2.4

expectation (or expected value) 3.2.2, 3.2.3, 4.1.1 note 3,
4.2.1,43.7-4.3.9,C.2.9, C3.1,C3.2

experimental standard deviation see standard deviation,
experimental

F

F-distribution H.5.2.3

frequency C.2.17

frequency distribution 3.3.5, 4.1.6, C.2.18, E.3.5
frequency, relative E.3.5

F-test H.5.2.2,H.5.2.4

functional relationship 4.1.1, 4.1.2

functional relationship, linearization of a  5.1.5, F.2.4.4 note,
5.1.6 note 1

functional relationship, nonlinear 4.1.4 note, 5.1.2 note,
F.2.4.4 note, G.1.5, H.1.7, H.2.4

H
higher-order terms 5.1.2 note, E.3.1, H.1.7
histogram 4.4.3, D.6.1 note 1

|

IEC Foreword, A.3, B.1

IFCC Foreword, B.1

imported input value or quantity F.2.3, F.2.3.1
independence 5.1, C.3.7

indepedent repetitions F.1.1.2

influence quantities, random F.1.1.3,F1.1.4
influence quantity 3.1.5, 3.1.6, 3.2.3, 4.2.2, B.2.10

information, pool of, for a Type B evaluation 3.3.5 note,
4.3.1,43.2,5.25
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input estimate 4.1.4,4.1.6,4.2.1

input estimates or quantities, correlated see correlation
input quantities, categorization of 4.1.3

input quantity 4.1.2

input quantity, bounds on an see bounds on an input
quantity

input value or quantity, imported see imported input
value or quantity

International Electrotechnical Commission see IEC
International Federation of Clinical Chemistry see IFFC
International Organization for Standardization see I1SO
International Organization of Legal Metrology see OIML
International Systém of Units (SI) 0.3, 3.4.6

International Union of Pure and Applied Chemitry see IUPAC
International Union of Pure and Applied Physics see IUPAP

International vocabulary of basic and general terms in
metrology see VIM

ISO Foreword, A.3, B.1

ISO/TAG 4 Foreword

ISO/TAG 4/WG 3 Foreword

ISO/TAG 4/WG 3, terms of reference of Foreword

ISO Technical Advisory Group on Metrology (ISO/
TAG 4) Foreword

ISO 3534-1 2.1, C.1
IUPAC Foreword, B.1
IUPAP Foreword, B.1

L

laboratories, national metrology or standards Foreword
Laplace-Gauss distribution C.2.14

least squares, method of 4.2.5, G.3.3, H.3, H.3.1, H.3.2
legal metrology 3.4.5

level of confidence 0.4, 2.2.3 note 1, 2.3.5 notes 1 a 2,
3.3.7,43.4,6.2.2,6.2.3,6.3.1-6.3.3,G, G.1.1 - G.1.3,
G.2.3,G.3.2,G.3.4,G.4.1,G.6.1,G.6.4, G.6.6

level of confidence, minimum F.2.3.2
limit, safety see safety limit

limit, upper and lower, on an input quantity see bounds
on an input quantity

M

Maximum bounds see bounds on an input quantity
Maximum entropy, principle of 4.3.8 note 2

mean C.2.9, C.3.1

mean, arithmetic see arithmetic mean

measurable quantity B.2.1

measurand 1.2, 3.1.1, 3.1.3,B.2.19, D.1, D.1.1, D.1.2, D.3.4
measurand, best possible measurement of the D.3.4

measurand, definition or specification of the see measur-
and

measurand, many values of the D.6.2

measurands, covariance of related see correlated output
estimates or quantities

measurand, value of the 3.1.1-3.1.3

measurand, uncertainty due to incomplete definition of

the see uncertainty due to incomplete definition of
the measurand
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measurement 3.1, 3.1.1, B.2.5
measurement, accuracy of see accuracy of measurement
measurement hierarchy 7.1.1

measurement, mathematical model of the 3.1.6., 3.4.1,
3.4.2,41,4.1.1,4.1.2

measurement, method of see method of measurement
measurement, principle of see principle of measurement
measurement procedure 3.1.1,7.1.2, B.2.8, £.1.1.2

measurement result and its uncertainty, availability
of information describinga 7.1.1,7.1.3

measurement result and its uncertainty, formats for re-
portinga 7.2.2,7.2.4

measurement result and its uncertainty, reporting in detail
a 7.1.4,7.27

measurement, result of a see result of a measurement
measurement, role of ANOVA in H.5.3 et seqq.

measurement, spectrum of, to which the principles of the
Guide apply 1.1

method of measurement 3.1.1, B.2.7

method of measurement, uncertainty of the see uncertain-
ty of the method of measurement

method of measurement, unit dependent on the H.6
metrology, legal see legal metrology
minimum uncertainty see uncertainty, minimum

model, mathematical, of the measurement see measure-
ment, mathematical model of the

N

nonlinear functional relationship see functional relation-
ship, nonlinear

normal distribution 4.2.3 note 1, 4.3.2 note, 4.3.4 -4.3.6,
439 note 1,4.4.2,4.4.6,C.2.14, E.3.3, F2.3.3, G.1.3,
G.1.4,G.2.1-G.2.3, G.5.2 note 2

o

observations, independent pairs of simultaneous 5.2.3,
C3.4,F1.2.2,H.2.2, H.2.4, HA4.2

observations, repeated 3.1.4-3.1.6, 3.2.2. 3.3.5, 4.2.1,
4.2.3,43.1,4.41,4.4.3,5.2.3,E4.2,E4.3,F1,F1.1,
F1.1.,F1.1.2, G.3.2

OIML Foreword, A.3, B.1
one-sided confidence interval C.2.28
output estimate 4.1.4,4.1.5,7.2.5

output estimates or quantities, correlated see correlated
output estimates or quantities

output quantity 4.1.2
overall uncertainty see uncertainty overall

P
parameter C.2.7

partial derivatives 5.1.3

paticular quantity 3.1.1, B.2.1 note 1

pooled estimate of variance see variance, pooled esti-
mate of population C.2.16

precision B.2.14 note 2

principle of measurement B.2.6

probability 3.3.5,4.3.7-4.3.9, C.2.1, E.3.5,E.3.6, F2.3.3
probability, coverage see coverage probability

probability density function 3.3.5, 4.3.8 note 2, 4.4.2,
445,446,C25,F24.4
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probability distribution 3.3.4, 4.1.1 note1, 4.1.6, 4.2.3
note 1,4.4.1-4.44,C23,E4.2,G.1.4,G.1.5

probability distribution, convolving 4.3.9 note 2, G.1.4 -
G.1.6,G.2.2, G.6.5

probability element C.2.5 note, F.2.4.4
probability mass function C.2.6
probability, subjective 3.3.5, D.6.1

propagation, general law of error see error propagation,
general law of

propagation of uncertainty, law of see uncertainty, law
of propagation of

Q

quantity, controlled F.2.4.3

quantity, influence see influence quantity
quantity, input see input quantity

quantity, measurable see measurable quantity
quantity, output see output quantity
quantity, particular see, particular quantity
quantity, realized D.2,D.2.1,D.3.1-D3.3,D.4
quantity, value of a see value of a quantity

R

random 3.3.3,E.1.3, E.3.5-E.3.7

random effect 3.2.2,3.3.1,3.3.3,4.2.2,E.1.1, E.3
random error 3.2.2,3.3.1,3.3.3,4.2.2, E.1.1,E.3
randomness F.1.1,F1.1.3-F1.1.5

random variable 4.1.1 note 1, 4.2.1, 4.2.3 note 1, C.2.2,
C.3.1,C3.2,C.34,C3.7,C3.8,E3.4,F1.2.1,G.3.2

random variations, correlated see correlated random varia-
tions

Recommendation INC -1 (1980) Foreword, 0.5, 0.7, 3.3.3,
6.1.1,6.1.2,6.3.3, A.1, A3, E, E.2.3,E3.7

Recommendation 1 (Cl 1981), CIMP Foreword, 0.5, 6.1.1,
A2, A3

Recommendation 1 (Cl 1986), CIMP Foreword, 0.5, 6.1.1,
6.1.2, A3

reference materials, certification of H.5, H.5.3.2
relative error B.2.20

repeatability conditions 3.1.4, B.2.15 note 1
repeatability of results of measurements B.2.15
repeated observations see observations, repeated
repetitions, independent see independent repetitions
reproducibility of results of measurements B.2.16
result, corrected see corrected result

result of a measurement 1.3, 3.1.2, B.2.11

result, uncorrected see uncorrected result

S
safety limit 6.3.1 note
sample, uncertainty of the see uncertainty of the sample

sampling, uncertainty due to limited see uncertainty due
to limited sampling

sensitivity coefficients 5.1.3,5.1.4

sensitivity coefficients, experimental determination,
of 5.1.4

standard deviation 3.3.5, C.2.12, C.2.21, C.3.3
standard deviation, experimental 4.2.2, B.2.17
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standard deviation of the mean, experimental 4.2.3,
B.2.17 note 2

standard deviation of the mean, uncertainty of the experi-
mental see uncertainty of the standard deviation of
the mean

standard deviation, pooled experimental see variance,
pooled estimate of

standard deviation as measures of uncertainty see uncer-
tainty, standard deviation as measures of

standard deviation, propagation of E.3, E.3.1, E.3.2
standard deviation, propagation of multiples of E.3.3

standard uncertainty 2.3.1, 3.3.5, 3.3.6, 4.1.5, 4.1.6, 4.2.3,
D.1.6, E.4.1

standard uncertainty, graphical illustration of evaluat-
ing 4.4 etseqq.

standard uncertainty, relative 5.1.6

standard uncertainty, Type A evaluation of see Type A
evaluation of standard uncertainty

standard uncertainty, Type B evaluation of see Type B
evaluation of standard uncertainty

statistic 4.2.7, C.2.23

statistical control 3.4.2,4.2.4
statistical coverage interval C.2.30
Student’s distribution C.3.8, G.3.2
systematic 3.3.3, E.1.3, E.3.4-E.3.7

systematic effect 3.2.3,3.2.4, 3.3.1, 3.3.2, 3.3.3, D.6.1,
E.1.1,E3,E44

systematic error 3.2.1, 3.2.3, B.2.22

T
Taylor series 5.1.2, E.3.1, G.1.5, G.4.2, H.1.7, H.2.4

t-distribution 4.2.3 note 1, C.3.8, G.3, G.3.2, G.3.4, G.4.1,
G.4.2,G5.4,G6.2

t-distribution, quantiles of the G.3.4 note

t-faktor E.3.3,G.3.2,G.3.4,G.4.1,G.54,G.6.2,G.6.4 -
G.6.6

tolerance interval, statistical C.2.30 note 2

true value of a quantity 2.2.4, 3.1.1 note, B.2.3, D, D.3,
D3.1,D.3.4,D.3.5,E.5.1-E5.4

true value of a quantity, conventional see conventional
true value of a quantity

two-sided confidence interval C.2.27

Type A combined standard uncertainty 7.2.1, G.4.1 note
3

Type A evaluation of covariance 5.2.3

Type A evaluation of uncertainty 2.3.2,3.3.3-3.3.5,4.1.6,
42,421-428,43.2,441-443,E3.7,E1,E1.1.1 -
F.1.2.4

Type A standard uncertainty 3.3.5,4.2.3, C.3.3

Type A variance 4.2.3

Type B combined standard uncertainty 7.2.1, G.4.1 note 3
Type B evaluation of covariance 5.2.5

Type B evalution of uncertainty 2.3.3,3.3.3-3.3.5,4.1.6,
43,43.1-43.11,44.4-4.46,E.3.7, F2 etseqq

Type B evalutaion, need for F.2.1
Type B standard uncertainty 3.3.5, 4.3.1, C.3.3
Type B variance 4.3.1
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U
uncertainties, rounding of 7.2.6
uncertainties, significant digits for 7.2.6

uncertainty, categorizing or classifying components
of 3.3.3,3.3.4,E.3.6, E3.7

uncertainty, comparison of two views of E.5 et seqq.

uncertainty, definition of the term see uncertainty of
measurement

uncertainty, double-counting components of 4.3.10
uncertainty due to finite-precision arithmetic F.2.2.3
uncertainty due to hysteresis F.2.2.2

uncertainty due to incomplete definition of the measur-
and 3.1.3 note, D.1.1, D.3.4,D.6.2

uncertainty due to limited sampling 4.3.2 note, E.4.3

uncertainty due to the resolution of a digital indica-
tion F2.2.1

uncertainty evaluations, justification for realistic E.2,
E.2.1-E.23

uncertainty, grouping components of 3.3.3 note, 3.4.3, E.3.7

uncertainty, ideal method for evaluating and express-
ing 04

uncertainty, ignoring a component of 3.4.4

uncertainty, internally consistent quantity for express-
ing 0.4

uncertainty, intrinsic D.3.4
uncertainty, lack of an explicit report of 7.1.3

uncertainty, law of propagation of 3.3.6, 3.4.1, 5.1.2, E.3,
E.3.1, E.3.2, E.3.6, G.6.6

uncertainty, maximum allowed F.2.4.2
uncertainty, minimum D.3.4
uncertainty of a controlled quantity F.2.4.3

uncertainty of a correction 3.2.3 note, 3.3.1, 3.3.3, D.6.1,
E.1.1,E3

uncertainty of a single observation of a calibrated instru-
ment F2.4.1

uncertainty of a single observation of a verified instru-
ment F2.4.2

uncertainty of measurement 0.1, 0.2, 1.1, 2.2, 2.2.1 -
2.2.4,3.3,3.3.1,3.3.2,B.2.18,D, D.5, D.5.1 - D.5.3, D.6.1,
D.6.2

uncertainty of the experimental standard deviation of the
mean 4.3.2 note, E.4.3

uncertainty of the method of measurement F.2.5, F2.5.1
uncertainty of the sample F.2.6 et seqq.

uncertainty, overall 2.3.5 note 3

uncertainty, quality and utility of the quated 3.4.8
uncertainty, reporting 7 et seqq.

uncertainty, safe E.1.11, E.1.2,E.2.1,E.2.3, E.4.1,F2.3.2
uncertainty, sources of 3.3.2

uncertainty, standard deviations as measures of E.3.2,
E.4,E41-E4.4

uncertainty, statistical evaluation of, by varying input
quantities 3.4.1,3.4.2,4.2.8, F.2.1,H.5.3.3

uncertainty, summary of procedure for evaluating and
expressing 8
uncertainty, transferable quantity for expressing 0.4
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uncertainty, universal method for evaluating and express-
ing 04

uncertainty when a correction is not applied 3.4.4, 6.3.1
note, F.2.4.5

uncorrected result B.2.12

unit, use of an adopted value of a measurement standard
asa 3.4.6,4.2.8 note

\"

value of quantity 3.1.1, B.2.2

variance 3.1.7,4.2.2,4.2.3, C.2.11, C.2.20, C.3.2
variance, Allan  4.2.7 note

variance, analysis of see ANOVA

variance, combined 3.3.6, 5.1.2

variance, experimental (or estimate of) 4.2.2, H.3.6 note
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variance of the mean 4.2.3, C.3.2
variance of the mean, experimental 4.2.3, C.3.2

variance, pooled estimate of (or pooled experimental
standard deviation) 4.2.4, 4.2.8 note, H.1.3.2, H.3.6
note, H.5.2.2, H.5.2.5, H.6.3.1, H6.3.2 note

variance, relative 5.1.6
variance, relative combined 5.1.6

variate C.2.2
VIM 2.1,2.2.3,2.2.4,B.1
w

Welch-Satterthwaite formula G.4.1, G.4.2, G.6.2, G.6.4

Working Group on the Statement of Uncertainties Fore-
word, 0.5, 3.3.3,6.1.1, 6.1.2, A.1, A2, A3

Working Group 3 (ISO/TAG 4/WG 3) Foreword
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3. SEZNAM ZKRATEK

BIML Bureau International de Métrologie Légale
(Mezindrodni urad pro legalni metrologii)

BIPM Bureau International des Poids et Mesures
(Mezindrodni urad pro vahy a miry)

CIPM Comité International des Poids et Mesures
(Mezindrodni vybor pro vahy a miry)

GUM Guide to the Expression of Uncertainty in Measurement
(Navod pro vyjadrfovani nejistot v méreni)

IEC International Electrotechnical Committee
(Mezinarodni elektrotechnickd komise)

IFCC International Federation of Clinical Chemistry and Laboratory Medicin
(Mezinarodni federace klinické chemie a laboratorni mediciny)

ISO International Standardisation Organisation
(Mezindrodni organizace pro normalizaci)

IUPAC International Union of Pure and Applied Chemistry
(Mezindrodni unie pro cistou a aplikovanou chemii)

IUPAP International Union of Pure and Applied Physics
(Mezinarodni unie pro Cistou a aplikovanou fyziku)

OIML Organisation Internationale de Métrologie Légale
(Mezindrodni organizace pro legdlni metrologii)

UNMZ Utad pro technickou organizaci, metrologii a statni zkusebnictvi

VIM International Vocabulary of Basic and General Terms in Metrology
(Mezinarodni slovnik zakladnich a vieobecnych termind v metrologii)
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4. LITERATURA A ODKAZY NA WEBOVE STRANKY

® JCGM 200:2008 International vocabulary of metrology — Basic and general concepts and
associated terms (VIM). Vydano spolecné BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML (vysel
jako technicka normalizacni informace TNI 01 0115:2009).

® TNI 01 0115:2009 Mezinarodni metrologicky slovnik — Zakladni a vieobecné pojmy a pfi-
druzené terminy (VIM)

® VIML:2000 - International Vocabulary of Terms in Legal Metrology. Vydano OIML.

Odkazy na webové stranky:

Urad pro technickou normalizaci, metrologii a statni zkusebnictvi UNMZ:
WWW.unmz.cz

Cesky metrologicky institut CMI:
WWW.CMI.cz

Mezinarodni organizace pro legalni metrologii OIML:
www.oiml.org

Mezinarodni normaliza¢ni organizace ISO:
WWW.is0.0rg

Evropska normaliza¢ni organizace CEN:
www.cen.eu

Mezinarodni urad pro vahy a miry BIPM:
www.bipm.org
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