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Tembl coobwweHunA

1. MeTtponorua n ¢pyHaameHTanbHasa Hayka
« HeobxoanmocTb N HEAOCTAaTOYHOCTL METPOSIornu B

(byH,D,aMeHTaﬂbeIX nccrnenoBaHuAX.
2. Kpntnka coBpemMeHHOM cucteMbl METPONorm4eckoro

obecnevyeHnsa Hay4YHbIX UccriegoBaHMN U NpPoLEeccoB
COXpaHeHUs U nepeaayvn Hay4YHbIX U3MEePUTENbHbIX
AaHHbIX:
* B aBTOPUTETHbIX HAY4HbIX XYypHanax;
* B aBTOPUTETHbIX MHJpOpEecypcax.
3. MpepnoxeHusa No CcnNpaBfeHUO CUTyauun .
« CTaHgapT 4MCroBOro npeacTtaBrieHNs MHOFOMEPHbIX
N3MEPUTESbHbIX OaHHbIX;
« “Hoas” dbopma aneKTPoHHbIX Nybnukaumm —
BbluncnurenbHbln O6bekt 3HaHnn (BO3H);
« [lpen-nybnnkaymoHHasi akcnepTusa KavyecTsa
yucnoBbiX AaHHbix BO3H (Numerical Peer Review) .



UamepeHue —> KoY K NO3HAHUIKO N UCNOJIb3OBaHUIO NPUpPOALI
KayecTBO AaHHbIX = KayecTBO MPUHUMAEMbIX peLleHUmn

METpOﬂOFMH - HAY4YHO-TeXHN4YeCcKad AncuuniinHa, npmn3BaHHas.

1) AKKymynupoBaTb U 0000WaTb nepeaoBblie METOAMKU BeAeHUA U3MEePEeHUn B
pPa3fMYHbIX HAY4YHbIX U TEXHUYECKUX HanpaBreHUusaXx, gpyHaamMeHTanbHbIX U
npuknagHoix (JocTxeHue TpedyemMon TOYHOCTU NPU pa3yMHbIX 3aTpaTax).

2) Pa3pabaTtbiBaTb:

B EAguHbIN A3bIK ONMCaHMUA MeTOAOB U pe3ynbTaToB U3MepPeHUun
(Ob6ecneyeHne BO3MOXHOCTM KOMMYHUKaLMM pPa3HbIX HAY4YHO-TEXHUYECKUX
cooouecTB)

B MeToAMKM M peKoMeHA4auum no UCnosfib30BaHUIO U3MEPUTENbHbIX AaHHbIX
B MPOrHO3MpoBaHNN peannilyemMocT n 6e30nacHOCTM HOBbLIX NMPOEKTOB
(ObecnevyeHMe BbHKMBAEMOCTU OOLLecCTBa, 3IKOHOMUA HEBOCMOJSTHAEMbIX

pecypcoB)

B MeToaAuKM U peKOMeHAauuu Nno UCnosib30BaHUI U3MepPUTENbHbIX AaHHbIX
B CuUCTemMax Mep no o6ecnevyeHUIo U KOHTPOJIIO KayecTBa NPoAYyKUMU B
npousBoacTBeHHOU cchepe (ObecnevyeHne yCTOMYMBOro pa3BUTUA
obLwecTBa, perynupoBaHue barnaHca BOCMNOJIHAEMbIX pecypcoB)



HAYKA, METPONOIAA, NPAKTUKA

HAyKA NLLIET HOBblE SABMEHUSI U UX CBSA3N C YK€ W3BECTHbLIM
3HaHMeM. Hayka nobbiBaeT namepuTenbHble AaHHble AN
[loKasaTenbCcTBa «TEOPEM CYLIECTBOBaHUSA» HOBbIX SABMAEHWA K cnabo

3a00TUTCA O «MEeTPOoSiorM4yeckoM KadecTBe» [AaHHbIX, Heobxoammoro Ans
NPUKNaaHOro UCMorib30BaHMs HOBbIX SIBMIEHUIA HA NPaKTUKE U B 0Oy4YeHUN.

Y4yeHble CTPEMATCSH K HOBbIM pybexaM Hens3BeOaHHOro U HEe UMEKT HU
BPEMEHU HU PECYPCOB ANSA MCYEPNbIBAIOLLErO UCCNEe0oBaHUsS OTKPbIThIX MMU
ABNEeHU Ans 6yayLlero NpuknagHoro UCNonb3oBaHUS.

OpgHako npu 3ambicriax HOBLIX MCCReaOoBaHUM YYEHbIE OCTPO HYXOakTCS
B CUCTEMATU3MPOBAHHbLIX W HaAOEXHbIX [daHHbIX Ona9 00O0CHOBaHUS
HeobXxoOAUMOCTH, peanu3yemMocTn KU 0e30nacHOCTU HOBbIX MCCregoBaHMUN.
Y4eHble BblHYXXAeHbl co3gaBaTtb cBou LleHTpbl [JaHHbIX.



M ETPO" OI'M HE MOXET NPegoCTaBUTb YYEHBIM «ropsvme»

OAHHble MPOCTO MOTOMY, YTO [JaHHble B
Hay4HbIX MNyonukaumax o0 OTKPbITUAX HOBbIX SABMIEHUW, Kak nNpaBurio,
dparMeHTapHbl U HEOOCTAaTOMHO  HaAeXHbl  Anst  MPUKNagHoro
NCMNONb30BaHUS.

MeTponorn KpanHe peako MPOoBOAAT WCCMedoBaHUA «Ha rpaHuuax
n3segaHHoro» “rno 3akasy’. MeTponorm He WMeKT BO3MOXHOCTHU
paspabarblBaTb METOAUKM BEOEHUS] WUCCNEeOoBaHUA U U3MEPEHUN
MMNOTETUYECKNX HABIIEHUN.

OcHoBHas 3aboTa METPOIIOroB - 3TO obecnevyeHne eqUHCTBA U3MEPEHUN
N OOSHKHOrO KayecTBa U3MepUTENbHbIX AaHHbIX 06 M3BECTHLIX SIBEHUAX
08 NX NPOAYKTUBHOIO U 6€e30MacHOro NCnosib30BaHNA Ha npakTuke.

OpHako MeTtponormm HeobxoaMMbl HOBblE MeEToAbl WU3MEPEHUN U
OaHHble, paspabaTtbiBaeMble W OobbiBaemble Haykon. WX ocBoeHue,
0bobueHe ¥ nepepaboTka B METPOMOrnMyeckMe  pekoMeHgauum wu
CTaHAapTbl AenakT BO3MOXHbIM MCMOMb30BAHME HOBbLIX SBMEHUA Ha
NpakTuKe, B 00y4YEeHUM N B AanbHENLLNX HAY4YHbIX MOUCKaX.



n PAKTM KE (Unayctpun n O6pasoBaHnIO) Takxe

HeobxoanMbl COBPEMEHHbIE NaHHbIE
METPOSIOrM4YecKkoro Ka4vyectBa M OCODEHHO B 00ONactu BbICOKUX
TEXHOMOMMN N NOTEHLUMAaNbHO ONAaCHbLIX NPUITOXEHU.

HayKa MPon3BOANT TOJSNMTbKO Mallyl0 4aCTb [AaHHbIX JOCTAaTO4YHYHO
Angd AoKasaTelrnbCTBa CyweCcTBOBaHUA SIBNEHNN U HEQOCTATO4YHYIO
AnAa nHAOyCcTpmnaribHoro NCrnoJib3oBaHUA.

Metponorus u WHAycTpus BbIHYXXOEHbl co34aBaTb CBOWU
nccnegoBaTtenbckMe nabopaTopun No paclUMPEHUd U YTOYHEHUIO
3HaHMM O HOBbIX SABMEHUSAX AN UCMOSb30BaHUS UX B MPUITOXEHUSX

( B Tom uncne n 8 Hayke).

Kak Bngum, ®yHoameHTanbHas Hayka, Metponorusa, UHoyctpua n ObpasoBaHue
TeCHO cBdA3aHbl. K coxarneHuo, B X pasBUTUM MNOYTU HET CUCTEMHOW CUHXPOHM3aLUN,

Ham npeacrasngercd, 4yto opraHusaumm 1ISO un ICSU(IUPAP) Moryt M OOMXHbI
BbINOMHATL POSib  CUHXPOHW3ATOPOB, MWCMOSb3Yyd MMEKLMecs y HUX MnaHeTapHble
METPOSiorM4yeckne u akagemMmmyeckne opraHuMsaunoHHbIE CTPYKTYpbI.



There are at least four tightly intertwined areas of intellectual activities that
appeared and surviving due to measurements and handling measured data:
Science, Education, Metrology, and Industry

To coordinate the uniformity of measurements and measured data quality there exists
the planetary intergovernmental metrological system governed by the following
international organizations
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National Metrological Systems


http://www.iso.org/iso/home.htm
http://www.oiml.org/index.html

From: “Metrology - in short”
3-rd edition, 2008 by
P. Howarth and F. Redgrave
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Metrology organizations
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http://www.coomet.org/EN/country/uz.htm
http://www.coomet.org/EN/country/ua.htm
http://www.coomet.org/EN/country/sk.htm
http://www.coomet.org/EN/country/ru.htm
http://www.coomet.org/EN/country/ro.htm
http://www.coomet.org/EN/country/md.htm
http://www.coomet.org/EN/country/lt.htm
http://www.coomet.org/EN/country/kz.htm
http://www.coomet.org/EN/country/kp.htm
http://www.coomet.org/EN/country/ge.htm
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http://www.coomet.org/EN/country/cu.htm
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http://www.coomet.org/EN/country/az.htm
http://www.coomet.org/EN/country/ar.htm
http://www.coomet.org/EN/country/bg.htm
http://www.coomet.org/EN/country/ru.htm
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The mission of CODATA is to strengthen international
science for the benefit of society by promoting improved
scientific and technical data management and use.
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OOHAKO

HecmoTpsi Ha HenpepbIBHbIA Nporpecc B:

* METOAMKAX N3MEPEeHUH,

* COBEPLUIEHCTBOBAHMMN U3MEPUTENDBbHbLIX CUCTEM,

°* Pa3BUTUM CUCTEM O0OPaAOOTKM [aHHbLIX,
U YBENTMYUBAKOLLYHOCA BbIYUCIIUTENBHYH MOLUb,
Mbl BCE €elle MMeeM YCTOMYMBYH TEHAEHLUH
HEKOPPEKTHOr0 YUCNOBOro BbipaXeHus
pe3ynbTaToB U3MEPEeHUW B Hay4yHOU nuTepaType
U B 3MEKTPOHHbLIX pecypcax LaHHbIX,
paccMaTpuBaembIX KaK 3TaNOHHbIe:

FCDC , AMDC , NNDC , PDG .



http://physics.nist.gov/Divisions/Div842/FCDC/Staff/index.html
http://amdc.in2p3.fr/web/amdcw_en.html
http://www.nndc.bnl.gov/
http://pdg.lbl.gov/

The main sources of the corrupted data are:

« Over-rounding;

« Usage of IMPROPER UNCERTAINTY PROPAGATION LAWS;
« Absence of a NUMERICAL PEER REVIEW in the traditional and

electronic publishing processes.

As arule, published multivariate data are damaged by over-rounding !!!

What is the over-rounding of multidimensional data?

Let us transform the “Greek” random vector with its scatter region

e (\2):(1.500 0.100)
n (\2)-(0.345 0.001) |

r(gn) =

= 2
by 45 degrees rotation X =(¢+n) /(V2)

/ y = ({-n) /(V2)

X 1.845 0.100
y 1.155 0.100

r(x,y) =

1.0 | 0.0

0.0 | 1.0

to the “Latin” vector

1.00000 | 0.9998

0.9998 | 1.0000




Let us recall how data could be corrupted in this
simplest data transformation

1. True calculations, qualitatively true picture

v




All variants of correlated data corruption are copiously
presented in scientific, educational, and technical resources

Xu

1.155

ignofted 4. Mean vector over-rounded
Scatter region moved

1.155




U3 yTBepXaeHuUn cnekTpanbHbIX Teopem Beuns, NepwropuHa v Lypa
MOXXHO MOJIY4YUTb NPOCTbIe OLEHKN NOPOroB 6€30MNacHOro OKpyrrneHus
MaTPUYHbIX 3JIEMEHTOB MaTpuULbl KOppensauun, BeKTopa cpeaHux
3Ha4YeHUN N UX CTaHOAPTHbIX OTKIMOHEHUN

Ons A° > AT =|log,, =t
KoppensTopa ] 2+ Arin ]
Ons AY > AV lloglo n :
cpeaHUX 2 e 'Tch'( U-i j
unit .
ans
CTaHOAPTHbIX AiU > AiUth — Elog 0 N -
OTKNOHEHUN 4.3 T2 (U,j
unit .
ﬂvm-n — MMUHUMarNbHoOe COGCTBEHHOE YMNCIIO KoppenAaTopa,

TCZL — «Ko3dphuLMeHT oxBaTa» 06MacTu paccesiHus.



B HennHenHbIX moaensax namepeHnm NMIMHENHbIU NepeHocC
HeornpeaeneHHoOCTEN, KaK npaBuno, “pabortaeTt nnoxo”

Ci’ {6 Ca’ o Cb} —_— Fk(Ci)’ {6 |:m’ o Fn}

| KOMMOHEHT D KOMMNOHEHT
{F,0F}=
> _CF °F
& ...k &, ...k} )

1 ap "t oy YL Ty
«akllloc, ...oc, OC, ...0C,
Koppensatop {0 F,, & F,} He BblpoXaeH U NOJIOXUTENbLHO onpeaerseH
ecnu pasmepHoctu dim(C,) =1, dim(F,) = D v nopsagok npubnwmxeHuns
BEeKTOp (pyHKLUMU =5 nonuHomamm Tewnnopa, yAOBINETBOPAIOT

HepaBeHCTBY.

(1+T)!

X ENTE TR







KoHLenuus pa3Butus
HaLWOHanbHOW CUCTEMbI CTaHOapTU3aLun

(opoGpeHa pacnopsikeHuem lNpaButenncrtea PP ot 28 cpeBpans 2006 r. N 266-p)

Il. CTpaTernyeckue Lenu, NpuHLUUnNbI U 3aaadv pasBuUTUS

HaLI,I/IOHaﬂbHOVI Cuctembl CtTaHaapTu3auum
..... IPUMEHEeHMe MeXayHapoAHbIX CTaHAAPTOB KaK OCHOBbI
pa3paboTKku HauMoHarbHbIX CTaHOAPTOB, 3a UCKMHYEeHUeM
criyyaeB, Korga Takoe npuMmeHeHue Npu3HaHo
HeBO3MOXHbIM BCrneacTBMe HECOOTBETCTBUA TpeboBaHUMN
MeXAYHapOoAHbIX CTaHAAPTOB KITMMaTU4Y€CKUM U
reorpadpmyeckmm ocodbeHHoctaAM Poccunckoun depepaumm,
TEXHUYECKUM U (UNN) TEXHOSTONMYEeCKNM OCOOEHHOCTAM,
a TaKxe cny4aes, Korga Poccunckan ®Pepepauvsa B
COOTBETCTBUU C YCTAaHOBNEHHbIMM Npoueaypamu

BbICTynasria NnpoTuB nNpUHATUA MeXXAYHapOoaOAHOIro CraHaAapTa
NN otTAaeJyiIbHOro ero nMnoJyioXXeHwusl....

NMPEOOCTEPEXEHUE!

Heobxoanma TwartenoHasa noBepKka BCex pekoMmeHgaumm u3 pykoBoacTB
U ctaHaaptoB ISO. TamMm BCTpe4yaroTCA Noruyeckue NpoTuBopeYus
U NpoorieMbl C MaTeEMaTUKOM.
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HOWEVER

In spite of the mutual developments in
Science, Metrology, Industry, and
Education we still have a growing
number of evidences that the current
practice of knowledge generation,
knowledge transfer, and knowledge
preservation is obsolete and wasteful .




GUIDE TO

THE EXPRESSION
OF UNCERTAINTY
IN MEASUREMENT

CORRECTED AND REPRINTED, 1995

BIPM - Infernafional Bureau of Weights and

Measures
IEC International Electrotechnical Commission
IFCC  Internafional Federation of Clinical Chemistry
1SO - International Organization for

Standardization
IUPAC " Infernational Union of Pure and
Applied Chemistry
IUPAP - Infernafional Union of Pure and
Applied-Physics
Infernafional Organization of Legal
Mefrology

OIMI

JCGM 100:2008
GUM 1995 with minor corrections

Evaluation of measurement
data— Guide to the expression
of-uncertainty.in-measurement

Evaluation des données de mesure —

Guide pour I'expression de l'incertitude de
Mesure

First edition September 2008

©JCGM
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0.1 When reporting the result of a measurement of a physical
guantity, it is obligatory 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 therefore necessary that there be
a readily implemented, easily understood, and generally accepted
procedure for characterizing the quality of a result of a measurement,
that is, for evaluating and expressing its uncertainty.

3.1.7 This Guide treats the measurand as a scalar (a single
guantity). 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).



PekoMeHaoBaHHasA npoueaypa oLeHMBaHUA U
BblpaXeHus HeonpeaeneHHocten (u3 [2.1.,2.2.])

3anucb ypaBHeHus uamepenun Y = f(X,, ..., X,), BbluuCneHUe W
BHeCeHuWe nonpasok.

BblynucneHne oueHoOK X; BXOAHbIX BEJIUYUH X,

BbluncneHne craHpapTHOM HeomnpedenieHHOCTM U Yucna CTeneHeu
cB000Ab! /- BXOAHOW BENUYUHBI: U(X) U V;.

BbluncneHue koadhhmUMEHTOB Koppenauuu r(x; X)).
OnpepaeneHue pesynbTata usmepeHun y=f(x, ..., Xp).

Bbluncneine - cymMmapHOM  CTaHAApPTHOM  HeonpeAeneHHOCTU
u3mepeHun u(y).

BbluncneHue pacwmpeHHon HeonpeaeneHHocTy usmeperun U.

dopmupoBaHMe AOKYMEHTa C onMcaHueM npoueaypbl U pe3ynbTara
OLleHVUBaHMS.



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

variance u?.(y), which is given by
2

N[ of
2 . 2
us(y)=>| — | -u*(x) (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) is an estimated standard deviation and characterizes the dispersion of the
values that could reasonably be attributed to the measurand 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;, ..., Xy), express what is
termed in this Guide the law of propagation of uncertainty (see E.3.1 and E.3.2).

NOTE When the nonlinearity of f is significant, higher-order terms in the Taylor series
expansion must be included in the expression for u?.(y), Equation (10). When the distribution of
each X, is normal, the most important terms of next highest order to be added to the terms of
Equation (10) are

(X)) U2(x,)

See H.1 for an example of a situation where the contribution of higher-order terms to u?.(y)
needs to be considered.



B npumeyaHun Kk pekomeHpgaumm 5.1.2 B dopmyre And BbIMUCIIEHUS BKlaga B
KOMOMHMPOBAHHYO HeornpeaeneHHoCTb OT CcTapwmx (BTOpPOro nopsgka) 4YreHoB
Pa3noOXeHUsa HeNMMHENHON QYHKUMM OT CrydanHbIX HOPMaribHbIX BESIMYUH 4rleHbl C
TPETbUMU NPOU3BOAHBIMWN BBEAEHLI NO Oowwnbke. [na HEKOTOPLIX HESIMHENHbIX (PYHKLMN
pekoMeHOoBaHHaA dopMyna npuBOoAUT K OTpuuaTernbHbIM 3HAYeHUAM KBagparta
KOMBMHMPOBaAHHOM HeornpeaeneHHocTn. B camom aerne, paccMoTpuUM OYHKLNIO:

f (X) =1—x+2x°+3x> +4x"

OT HOpManbLHOW BESIMYUHLI C HYNEBbIM CPEOHUM M C OUCNEepPCUeEn o-z N BblYUCITUM
KOMBMHMPOBaHHYIO HEonpeaeneHHOCTb No dpopmynam 5.1.2,

uA(f)= azo{f'w)%gf"(w%f'(O)-f-'-(O)j-az}:

= o° -{14{%16—18)-02} = o° -[1—10-02]

Mpwu 0 > 0.1 Mbl NOMly4aeM OTPULATENbHYI0 KOMGUHUPOBAHHYIO HEOMPEAEneHHOCTb
ans U°(f). OTMeTm, UTo 3TOT hakT OCTaeTCs He3aMeUeHHBIM B METPONOrUYECKo
nuTepartype n nocne nepensgaHna Pykoeodcmea B 2008 ropy.

BbiBO[: 910 npumevyaHue B 5.1.2 cnepyet nonpaBuUThb



7.1.4 Although in practice the amount of information necessary to document a
measurement result depends on its intended use, the basic principle of what is
required remains unchanged: when reporting the result of a measurement and
its uncertainty, it is preferable to err on the side of providing too much
iInformation 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 document 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
iIndependently 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
information or data become available?”



7.2.5 If a measurement determines simultaneously 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 coefficient
matrix (C.3.6, Note 2) (and preferably both).

7.2.6 The numerical values of the estimate 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
significant digits, although in some cases it may be necessary to retain
additional digits to avoid round-off errors in subsequent calculations.

In reporting final results, it may sometimes be appropriate to round
uncertainties up rather than to the nearest digit. For example, u.(y) = 10,47
mQ) might be rounded up to 11 mQ. However, common sense should prevalil
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
uncertainties; for example, if y = 10,057 62 Q with u,(y) = 27 mQ, y should
be rounded to 10,058 Q. Correlation coefficients should be given with
three-digit accuracy if their absolute values are near unity.



Over-rounding in the ISO GUM

“‘“Annex H: Examples” clearly show the failure of 7.2.6 recommendation on rounding
correlation matrices. Indeed, in the tables H.3 and H.4 correlation matrices are
presented with three decimal digits to the right of decimal point as follows:

- 1.000 -0.588 -0.485 |

—~0588 1.000 0.993 It has eigenvalues [2.40374_076, 0.5_96.71277, —0.00045353].
This means that the correlation matrix is destroyed by

—-0485 0993 1.000 | rounding.

The correct matrix calculated from the data in the Table H.2 with 16 digits looks as:

1.000 —0.5882768557 970084 — 0.4850646136 631822 |
—0.5882768557 970084 1.000 0.9925075421 320323
| —0.4850646136 631822  0.9925075421 320323 1.000 |

with eigenvalues 2.4035643712358685, 0.596435606493034, 2.227109758149771%1078,
Our safe uniform rounding rule allow to present this matrix in a more compact form:

1. —0.58827686 —0.48506461
—0.588 276 86 1. 0.992 507 54
—0.485064 61 0.992 507 54 1.

Definitely the clause 7.2.6 and this example should be reworked



7.2.7 In the 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)

b)

d)

give the value of each input estimate x; and its standard uncertainty u(x;) together
with a description of how they were obtained;

give the estimated covariances or estimated correlation coefficients (preferably
both) associated with all input estimates that are correlated, and the methods used
to obtain them;

give the degrees of freedom for the standard uncertainty of each input estimate
and how it was obtained,;

give the functional relationshipY =f (X, ..., X\) and, when they are deemed
useful, the partial derivatives or sensitivity coefficients df/0x,. However, any
such coefficients determined experimentally should be given.

NOTE Since the functional relationship f may be extremely complex or may not exist
explicitly but only as a computer program, it may not always be possible to give f and
its derivatives. The function f may then be described 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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http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=RMPHAT000080000002000633000001&idtype=cvips&prog=normal

Reviews of Modern Physics

Over-rounding and improper uncertainty propagation for derived quantities {me, e, 1/a(0), h}

CODATA: 1986 (1987) | Symbol | Unit Value(Uncertainty)-Scale Correlations
Elementary charge e C 1.602 177 33(49) - 10°1° e h me
Planck constant h Js 6.626 075 5(40) - 1034 0.997

Electron mass me kg 9.109 389 7(54) - 103t 0.975 0.989

1/(Fine struct. const.) 1/a(0) 137.035 989 5(61) -0.226 -0.154 -0.005
CODATA: 1998 (2000) Basic constant symbols arein red

Elementary charge e C 1.602 176 462(63) - 10'1° e h me
Planck constant h Js 6.626 068 76(52) - 1034 0.999

Electron mass me kg 9.109 381 88(72) - 1031 0.990 0.996

1/(Fine struct. const.) 1/ a(0) 137.035 999 76(50) -0.049 -0.002 0.092
CODATA: 2002 (2005) Basic constant symbols arein red

Elementary charge e C 1.602 176 53(14) - 10°1° e h me
Planck constant h Js 6.626 0693(11) - 1034 1.000

Electron mass me kg 9.109 3826(16) - 103! 0.998 0.999

1/(Fine struct. const.) 1/ a(0) 137.035 999 11(46) -0.029 -0.010 0.029
CODATA: 2006 (2008) Basic constant symbols areinred

Elementary charge E C 1.602 176 487(40) - 10°1° e h me
Planck constant H Js 6.626 068 96(33) - 1034 0.9999

Electron mass Me Kg 9.109 382 15(45) - 1031 0.9992  0.9996

1/(Fine struct. const.) 1/ a(0) 137.035 999 679(94) -0.0142 -0.0005 0.0269




Correlation matrix eigenvalues of the selected constants in Cl units
« 1986: {2.99891, 1.00084, 0.000420779, -0.000172106}
« 1998: {2.99029, 1.01003, -0.000441572, 0.000123580}
« 2002: {2.99802, 1.00173, 0.000434393, -0.000183906 }
« 2006: {2.99942, 1.00006, 0.000719993, -0.000202165}

Correlation matrix of (e, h, m_ 1/a(0) ) uncertainties in “Energy” units

CODATA :2006(8)  Symbol [units] Value (uncertainty) scale Correlations
Elementary charge e [C] 1.602 176 487(40)10 -1° e h m,
Planck constant h [eVs] 4.135 667 33(10)10 -15 0.9996
Electron mass m, [MeV] 0.510 998 910(13) 0.9966 0.9985
1/a(0) a(0) 137.035 989 5 (61) -0.0142 0.0132  0.0679

Eigenvalues —> {2.99721, 1.00275, 0.0000341718, 1.40788 10-°}

Origin: Linear Uncertainties Propagation & Over-rounding




In May 2005 the accurate data on basic FPC-2002 appeared.
This gave us possibility for the further investigation of the derived FPC-2002

{me, e, 1/a(0), h} :




Comparison with CODATA recommended
values of derived FPC-2002 {me, e, 1/a(0), h}

1. Insert values of the basic constants from LSA files into formulae

2.R_-h

me = = 9.109382551053865-10-31
2
C-o
2-a-h
e = = 1.6021765328551825-101°
Ho - C

2. Biases were calculated supposing the multi-normal distribution for
basic FPC. They are much less than corresponding standard deviations

me e 1/a(0)
bias 2.4943.10°° -2.6186-10°% 1.7918-10-36

sigma 1.5575-10%/ 1.7918-10°° 5.0-10”/




Comparison with CODATA recommended values for covariance matrix of derived
FPC {me, e, 1/a(0), h}

Properties of the correlation matrix for vector {me, e, 1/a(0), h}
calculated with DifUPL(2,4,1)

DifUPL(2,4,1) 17.06.2006
Symmetry True
Positive definiteness False
Is rounding correct? False
Minimal eigenvalue -6.9 -10-108
Rounding threshold Warning! Matrix is non positive definite

Properties of the correlation matrix for vector {me, e, 1/a(0), h}
calculated with DifUPL(2,4,2)

DifUPL(2,4,2) 17.06.2006
Symmetry True
Positive definiteness True
Is rounding correct? True
Minimal eigenvalue 2.8:10°1°
Rounding threshold 15




But where is the end of the rounded vector
for derived FPC-2002 ?

FPC |Ourcalculations with DIfUPL(2,4,2) | allascii (NIST-2002)
me 9.109382551053865-1031 9.1093826.-10°31
e 1.6021765328551828-10*° 1.60217653-1019
1/a(0) 137.035999105576373 137.03599911
h 6.626069310828000-10* (LSA) 6.6260693-10-34

2

X = 2.18.10"1°

Thus, we see that the values of the derived vector components
{me,e, 1/a(0)} presented on the NIST site in allascii.txt file are

iImprobable!!!

The vector is out of the scatter region for the 10'° standard deviations
due to improper uncertainty propagation and over-rounding



http://physics.nist.gov/cuu/Constants/Table/allascii.txt

BbiBoAblI NO pe3ynbratamMm BbidbopovyHou noBepkn PPK-2006

1.

Ha cante NIST'a He npeacTaBneHbl MCXOOHbIE AaHHbIe, UCMOSb30BaHHbIe AN MONYYEHNs OLEHOK
OOK-2006. McxopHble JaHHble npedcTaseHsl B nyonukauun Rev. Mod. Phys. 80 (2008) 633.

B nybnukaumm TOYHOCTb  NpeACTaBlieHUs  KOIMPMUUMEHTOB  KOPPENAUMM  MOrpeLLHOCTEN
UCXOAHbIX JaHHbIX, WCMONb3yeMblX [ANs OUEHKW nocTosHHOM Pupabepra, ysennyeHa po 4
OECATUYHbIX 3HAKOB, OAHAKO MaTpuua koppensuuin (kak oHa npegctaeneHa B TABLE XXIX
Ha CTp. 692) He <BNAeTCA MONOXUTENILHO MONyonpedesnieHHon — matpuuen (MmeeT [Ba
oTpuUaTenbHbIX COBCTBEHHbIX YMCna).

[TogmaTtpuua koppensumii oueHeHHbIX POK-2006, npeactasneHHas B TABLE L Ha cTp. 715 Takke He
ABNAETCA NOSIOXUTENBHO NOMYONpeaeneHHon matpuuen. [ns Heckomnbkux BblOOPOK 3HAYEHMI
KOHCTaHT M UX MaTpUL, KOppenauumn, Hanpumep :

1. (nocrt. [naHka, anemeHTapHbIN 3apsid, Macca anekTpoHa, 1/mocT. TOHKOM CTPYKTYpPbI);

2. (maccanpotoHa B MaB, macca HeutpoHa B MaB, atomHas noct. maccel B MaB);

U3 [daHHbIX, NPEACTaBMNEHHbIX HAa canTe, MX MaTpuLbl KOPPENsaUMA Takke WMEeT OTpuuaTenbHble
COBCTBEHHbIE YnCha.

4. Takum obpasoM, gaHHble no OOK-2006, pekomenaoBaHHble CODATA  ons mexayHapoaHoro

UCMNOJb30BaHNA, HE MPUroaHbl And BbIYMCMEHUA BENNYMH BblPpaXaEMbIX 4Yepe3 Tpu WUun bonee
OUEHEeHHbIX NOCTOAHHbIX.

Ha caitte NIST (c mapta 2007 roga) umeetcs obeLuaHne pasMecTUTb BCHO MHGopMaUnio Kak 06
UCXOAHBIX OaHHbIX (MCMOMb30BaHHLIX ANs OLEHKM Ba30BbIX NOCTOSIHHBIX) Tak U pe3ynbTaTbl OLEHKM
6a30BbIX MOCTOSIHHBIX C OOCTATOMHOW TOYHOCTbI. [loka TakoW WH(OPMAaLUMK HET, MUCMONb30BaTh
pekomeHaoBaHHble CODATA paHHble no O®K-2006 B BbICOKOTOYHbLIX BbIMUCIIEHUSX C BbICOKAM
TpeboBaHMEM K HAOEXHOCTU (OOCTOBEPHOCTU) PE3YNbTAaTOB HENb3S.



CONCLUSION on the GUM-2008

X The GUM-2008 should be corrected in places where the rounding rules for
correlated data are discussed and used (Clause 7.2.6, Example H.2) ;

X The GUM formula for the nonlinear uncertainty propagation should be
corrected to assure the positivity of combined variance (Clause 5.1.2,note);

sensitivities and higher order moments of the input probability
distribution should be calculated and explicitly given with proper
precision. This recommendation and our rule to find the order T of the
Taylor polynomials to assure the positive definiteness of the correlation
matrix for D-dimensional vector function depending upon I|-random
variables should be added to the extended clauses 7.2.50r 7.2.7.

r In case of differential nonlinear uncertainty propagation the higher order

Statement on the obligatory quotation of the rounding thresholds for the
positive definite correlation matrix, for the mean values, and their
uncertainties should be included into the clause 7.2.5;

x CAUTION: the rounding thresholds for the uniform rounding of correlated

data impose severe requirements on the storage and exchange formats of
the correlated data. This caution in proper wording should be added to the
corrected clause 7.2.6



CONCLUSION on the FPC-2006

Selective tests of the consecutive releases of the FPC-1986, FPC-1998, FPC-2002,
and FPC-2006 shows that the technology to adjust FPC used in FCDC is
guestionable. The independent adjustments, but based on the same input data
sample, are urgently needed.

It will be much helpful if Russian FPC Working Group could organize and
conduct regularly the independent adjustments of the FPC and compare results

with that of produced in FCDC(NIST).
Russian FPC WG

KapweH6oum C. I

CODATA FPC WG Baraes C. H.

Franco Cabiati Bapwanosuu [. A.
Jeff Flowers UBaHoB B. .

FCDC(NIST) Kenichi Fujii WBaHuumK A. B.
Peter J. Mohr Savely G. Karshenboim Kaparnos O. B.

Jonathan Baker Ingvar Lindgren KoHoHoros C. A.
Rodrigo Ibacache

Werner Martienssen Kopo6og B. W.
Svetlana A. Kotochigova Peter J. Mohr MenbHukos B. H.
Barry N. Taylor David B. Newell HepoHos 0. W.
David Newell Francois Nez NansuukoB B. I.
Paul Indelicato Terry J. Quinn daycToB P. H.
Ulrich D. Jentschura Barry N. Taylor LWa6aes B. M.
Barry M. Wood LentoTo B. A.
Zhang Zhonghua LWndpuH B. A.

Claudine Thomas

YyHoBkuHa A. I.
AuaenbmaH C. U.



Report on the Meeting of the CODATA Task Group on Fundamental Constants
14 June 2008, Broomfield, Colorado, USA
Prepared by David Newell
National Institute of Standards and Technology

11. Other topics

a. A Freedom Of Information Act (FOIA) was issued to NIST wanting all of
our code and data for the 2006 LSA, and we complied.

b. Atomic Mass Data Center - Wapstra has died and Audi has closed the
AMDC. It was recommended that CODATA Task Group issue the

following statement:

“The CODATA Task Group on Fundamental Constants urges

IUPAP to officially recommend to relevant agencies that support
for an atomic mass evaluation program similar to the past activities
of the AMDC, is vital for the determination of the fundamental

constants and highly important to physics in general.”



Numerical Peer Review is urgently needed !

Historically it turns out that traditional chain to assure
the quality of the published scientific data:

Authors — Journal peer reviewers — Editorial boards

and evolved publishing standards are insufficient to
express and transfer multidimensional correlated data
with metrological quality needed for applications

CAUTION : even the more powerful chain:

Authors — Journal peer reviewers — Journal editors —
— RPP article finders — RPP encoders — RPP overseers —
— Verifiers(Authors) — RPP peer reviewers — RPP editors —
— Journal peer reviewers — Journal editors

used by PDG collaboration Is insufficient to represent RPP
data with metrological quality needed for different applications.



Summary & a Plea to PDG Collaboration

We have problems with numerical expression and presentation of
correlated multidimensional data in publications and in computer
readable files.

These problems are common in the whole scientific community
and originated in the absence of the widely accepted standard to
express numerically the multidimensional correlated data and the
absence of the numerical peer review in traditional and electronic
publishing.

NUMERICAL PEER REVIEW is impossible without uniformity in
multidimensional data expression and exchange iIn computer
readable and “computer understandable” forms.

STANDARDS for multidimensional measured data expression and
publication in electronic mediais urgently needed

As metrologists move too slow, we propose PDG to workout the
mockup of the standard and implement it in PDG traditional and
electronic publications. The physics community will follow PDG.
Physics authors will produce data of high metrological quality.






American Nuclear Societ

Why Should Companies Support Standards Development?

Written by Suriya Ahmad for Nuclear Standards News
(Vol. 33, No. 6; Nov-Dec, 2002).

As professionals working in the nuclear energy industry, we are committed to the
benefits that nuclear technology provides humankind.

The future of nuclear energy depends on maintaining a strong safety record,
economics, and effective waste management.

So, how does the industry gather and maintain the information needed
to meet these goals? Itis done, in a large part, through the use of
voluntary consensus standards.

Voluntary consensus standards represent the best knowledge of the field.
They are written by groups of volunteers who are regarded as the technical
experts in the nuclear energy industry.
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