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MRA: objectives, process and outcome

Reconnaissance mutuelle

des étalons nationaux de mesure
et des certificats d'étalonnage et de mesurage
émis par les laboratoires nationaux de métrologie

Pans, le 14 octobre 1999

Mutual recognition

of national measurement standards
and of calibration and measurement certificates
issued by national metrology institutes

Paris, 14 October 1999

/Objectives \

« to establish the degree of
equivalence of national measurement
standards maintained by NMIs;

 to provide for the mutual recognition
of calibration and measurement
certificates issued by NMls

Process

 international comparisons of
measurements, to be known as key
comparisons;

Outcome
o statements of the measurement

\ capabilities of each NMI ... /




Degree of equivalence (MRA)

» "The degree of equivalence is taken to mean the degree to which
these standards are consistent with reference values determined
from the key comparisons and hence are consistent with one
another.

» The degree of equivalence of each measurement standard is
expressed quantitatively by two terms: it's deviation from the key
comparison reference value and the uncertainty of this deviation
(ata 95% level of confidence)"




The tasks of comparisons in the context of MRA

The tasks of CIPM KC are » Cox M G 2002 Metrologia 39 587-8
1.KCRV |
2 DoEs » Cox M G 2002 Metrologia 39 589-95
3.Confirmation of CMC P

The tasks of RMO KC are » COOMET R /GM / 14: 2006 PyKkoBOACTBO TI0
1.Linking — establishing DoEs OLIEHMBAHUIO JAHHBIX KJIFOYEBBIX CIIMYEHUN
2.Confirmation of CMC KOOMET

The tasks of  supplementary » COOMETR /GM / 19: 2008 PykoBoacTBO 110

comparisons OIICHMBAHUIO JTAHHBIX JTOMOJHUTEIbHBIX
1.Confirmation of CMC ciimueauiit KOOMET
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CnnueHma HAaULMMOHAJIbHbIX I3TAJIOHOB

CavyeHumA

KnoueBblie
cnnyenHnsa CIPM

PernoHanbHble
KJoueBble
CIn4YeHuns

[lononHuTenbHbIE
ClnYyeHusd

1.
2.
3.

1

NMpoueaypsl

OnpepeneHne KCRV;
OnpepneneHune DoOEs;
MNoaTeBepxaeHue ctpok CMC

OnpepneneHune DoOEs;
[MooTeBepxaeHue ctpok CMC

. NoaTtBepxaneHmne ctpok CMC

[N OKYMEeHTbI

COOMET R/GM/14:2016

COOMET R/GM/19:2016
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NMoareepxpeHue crpok CMC Ha ocHoBe DoOEs.
TeKkywana npakrukKa

OnpeaeneHue PacuyeTt DoEs
KCRV

NMoarTBepxaeHne CMC

«...A3mepuTenbHble 1 KannbpoBOYHbIE
BO3MOXXHOCTW BbIpaXarTcsl, Kak ...»

d; = x; Xref r I\
{xrefr uref} I Y dl < Zu(dl)
U,(di) —'/
‘ i — i HET
_ o = = = Lyygennuenne COOTBETCTBYIOLLIMX
“In this case, the institute has the choice ! HeonpeaeneHHOCTEN n3MepeHuii
of either withdrawing ... of the relevant \1'
calibration and measurement services or HakoHel BCe pesynsTaThl
Increasing the corresponding M3MEPEHUI COrMNacyoTCs C OMOPHbBIM

uncertainties... 3HaYeHneMm 6
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PykoBoacTtBo ansa oueHuBaHua pgaHHbix CIPM
KJTIOUEeBbIX CIIMYEeHMUMN,
(Cox M G 2002 Metrologia 39 589-95)

MNMpoueanypa A npumeHnma npu crieqyowmx ycnosusax:

¢ CTabWUIbHOCTU TPAHCMOPTUPYEMOrO ITaSIOHa;
* HEe3aBMUCUMOCTU pesyrnbraToB namMmepeHnn pasHboix HMU;
* HOpMasbHbIW 3aKOH pacnpeaeneHns

Ecnn Hapylwaetcs TpeTbe ycnoBue WnM He MNpoxoauT TecT Ha
COrNacoBaHHOCTb Pe3ynbTaToB U3MEPEeHUin, TO NMPUMEHSIOT npoueaypy
B.
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Onucanmue NMpoueanypsi A

BxoaHble gaHHbIe: {xi,ui}?ﬂ , Uj = u(xl)

O6o3HauMM y4yacTBylOWME WHCTUTYTbl, HOMepamn i=1,...,N ,
Bcero N. BxogHbiMn BennunHamMmn Onsi OLUEHKU ABNSAKOTCS pe3ynbrathbl
N3MEPEHUN, NOMYYEHHbLIE B UHCTUTYTaX, 0OO3HAYEHHbIE Yepes X;, U
COOTBETCTBYOLLME UM cTaHOapTHbIE HeonpeaeneHHOCTH,
obo3Ha4vyeHHble Yepes u(x;).



oryn «BHUMM M. A.M.MEHAOENEEBA»

OnucaHue lNMpouenyps! A

War 1. Onpegenum cpeaHeB3BELLEHHOE pe3ynbTaToB WU3MEpPEHUI
NHCTUTYTOB:

_ X /u(xy) + o+ ay /u (xy)
W T T 02 () + -+ /U2 (xy)

lar 2. Onpegenum COOTBETCTBYHOLLEE CTaHOAPTHYHO
HeonpeneneHHOCTb OTKIOoHeHue u(x,,)

11 1
2y | w2 )
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OnucaHue lNMpouenyps! A

War 3. [MpumeHnm KOUTEpPUN x? AN  BbIMNONIHEHUS MNPOBEPKY
COrnacoBaHHOCTM BCEX MOJSTYYEHHbIX Pe3ynbTaToB.

a) Bbluncnum BbibopoyHoe y? — 3HayeHue:

XZ _ (xl _ fw)z 4ot (xN _ QEw)z
obs u?(x1) u?(xy)

6) Byoem cumTaTb, YTO NPOBEpKaA COrNacoBaHHOCTU AaHHbIX He
NPOXoauT, ecnu

PLA(N — 1) > x%5} < 0,05
10
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OnucaHue lNMpouenyps! A

LWar 4. Ecnun npoBepka BLINOSTHAETCS, TO:
a) B kayectBe KCRV X bepem X, ;

b) MpuHumaem  u(x,,) B KayecTBe  CTaHOapTHOM
HeonpeaeneHHoCTN U(Xyer);

C) PaccuntbiBaemM CTENEHN 3KBUBASIEHTHOCTH:

di = X — Xpep  u(dy) = \/u2<xi> — U2 (xye)

d) PaccunteiBaem nonapHble CTeneHn saKBMBAJl1IEHTHOCTU

dij = X; = X; u(d;;) = \/u2 (xe) +u?(x;)
11



VMT/VMC

EUROMET.M.M-K4.1

COOMET.M.P-K1

CCM.P-K1.b

NSAI NML

INRIM

NMI-vSL()

BelGIM

CCM.M-K1
Package2

APMP.M.M-K7.1

. NML-SIRIM

NSC

EUROMET.M.P-K3

EUROMET.M.M-K1

EUROMET.M.M-K4

HUepapxu4deckas
cxema
crnuvyeHuu

COOMET.M.M-K1

CCM.M-K1 Packagel

KIM-LIPI MSL

CSIR-NML

1 APMP.M.M-K7

12




What MRA says about RMO KC data evaluation?

3 Technical basis of the arrangement

3.2 ....“RMO key comparisons must be linked to the corresponding
CIPM key comparisons by means of joint participants.”....

Technical supplement to the arrangement

T.4 “The results of the RMO key comparisons are linked to key
comparison reference values established by CIPM key
comparisons by the common participation of some institutes in both
CIPM and RMO comparisons. The uncertainty with which
comparison data are propagated depends on the number of institutes
taking part in both comparisons and on the quality of the results
reported by these institutes
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX

CIIMUMEeHMMN.
COOMET R/GM/14:2016

O603HayeHusa:

X; - pesynbratbl CIPM KC;

"~~~

Xi - pesynbratbl RMO KC;

xr

*k
ux'

j - PEe3ynbTaTbl CBA3YIOWMNX HMMW, nony4yeHHble B

CIPM n RMO KC cooTBeTCTBEHHO;

552-’ - TpaHcPopmmpoBaHHbie pe3dynbtaTtbl RMO KC

14
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX

CIIMUMEeHMMN.
COOMET R/GM/14:2016

NPOLUENYPA C

TpaHcopMupoBaHHbLIE pe3ynbTaTtbl CAUYEHUU BbIYUCNAKTCA MO
doopmynam:

~ I ~
X; =X;+A
C COOTBeTCTBy}OU.leVI HeonpeaeneHHoCTbo

u? (%) = u? (%) + u?(d)

15
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX

CIIMUMEeHMMN.
COOMET R/GM/14:2016

B cnyyae ogHoro ceasytowero HMW, agoutuBHasa nonpaska A w
COOTBETCTBYHOLLAA HeEONPeaeNneHHOCTb BbIYUCIAKTCSH N0 popmyiam:

A= x" — X7,
u?(A) = u?(x*) + u?(x*) — 2cov(x*, &%),

cov(x*,x*) = p-ulx*) - u(x),

u(x®) = u(x),

u?(A) = 2u?(x*) — 2ug(x*) = 2us(x*) = 252
20AY — 9c2
us(A) =28 16
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O6paborka faHHbIX permoHanbHbIX KNMO4YeBbIX
CIIVYMEHUM.

COOMET R/GM/14:2016

B cnydae Heckonbkmx ceasywowmx HMW, agoutuBHaa nonpaska
BblUMCNAETCA KakK CpeOHeB3BELLeHHOe 3HayeHuMe agaUuTUBHbIX
NonpaBoOK, BbIYMCIIEHHBLIX NO pe3ynkratam Kaxaoro ceasytowero HMA

Llﬁ
=172
A=

u?(A) =

L -2 L -2
=19 =19

17
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX

CIIMUMEeHMMN.
COOMET R/GM/14:2016

CTteneHb akBmBaneHTHocTn i-toro HMW oueHnBaeTtca no goopmyne :
C COOTBETCTBYHOLLEN HEONPEAENEHHOCTbIO

u® (d;) = u’ (X)) + u’ (xref) + u®(A) {1 - u? (xref) X ZLu_Z(x;)}
1

ecnn i-tein HMW He 3anmcTBYyeT pasmep eanHuLbl y yH4aCTHUKOB
CIPM KC, u

u?(d;) = u?(x;) — u? (xref) + u?(A) {1 — u? (xref) X zLu_z(xf)}
1

ecnm i-Tein HMW 3anmcTtByeT pasmep eanHuLbl y Kakoro-rbo
ydacTHuka CIPM KC 18
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX

CIIMUMEeHMMN.
COOMET R/GM/14:2016

BbluncneHue nonapHbIX CTeNneHen 3KBUBaNeHTHOCTEN
aTanoHoB-y4YyacTHukos RMO KC

CTeneHb 9KBMBANEHTHOCTM Ansa napbl atanoHoB HMW-yyacTHukoB
RMO KC Bbluncnsaercs no popmyrie:

dij=di—dj =% — %
u?(d;;) = u?(%) + u?(%;) — 2cov(%;, &)

19
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX
CINIMYEHMMN.

COOMET R/GM/14:2016

BbluncneHue nonapHbIX CTeNneHen 3KBUBaNeHTHOCTEN
aTanoHoB-y4YyacTHukos RMO KC

CTeneHb 3KBMBANEHTHOCTU napbl 3TanoHoB, yv4acTHUK RMO KC wu
ydacTHUK CIPM KC Bbluncnisietca rno doopmyne:

dij — 552 + A — X]
C COOTBETCTBYIOLLIEN HEOMPEENEHHOCTbIO
u?(d;;) = u?(%) + u2(A) + u?(x;) — 2cov(F, x))

ecnun ydyactHuk CIPM KC He siBnsieTca ceasyowmm HMA
20
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX
CIIVYEHMUM.

COOMET R/GM/14:2016

MoaTeBepxaeHue 3asBNeHHbIX HeornpeaeneHHOCTeN

ECﬂl/l BbIMNOJTHAETCHA Cﬂeﬂ,yl'OLU,ee HepaBeHCTBO:
|d;| < 2u(d;)

TO OUEHKM HeonpenereHHocTen pesyneratoB, 3aasndemble HMW,
CornacylTcd ¢ AaHHbIMWU CIIMYEHUN, YTO ABMSAETCA NOATBEPKOAEHNEM
cooTBeTCcTBYOWMX cTpok CMC

21
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX

CIIMUMEeHMMN.
COOMET R/GM/14:2006

NMPOLEOYPA D
BbluMcneHne TpaHCc(OpMUPOBaAHHbIX AAHHbLIX CIINYEHUMN

Mpu npumeHeHnn npoueaypbl D TpaHchoOpMUpPOBaHHbIE pe3ynbTaThbl
BbIYNCNATCA MO hopmynam:

1

2 T\ .2 =~ 2
urel(xlf) — urel(xi) + urel(c)

22
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX
CINIMYEHMMN.

COOMET R/GM/14:2006

BbluncrnieHne MynbTUNANKaTUBHOM NONpPaBKM B Criy4ae OAOHOro
ceasywowero HVIU

B cnydae ogHoro cesasywuwero HMW, mynstunnukatMBHaa nonpaska € U

COOTBETCTBYIOLWAA HEONPeaerneHHOCTb U, (A) BbIYUCIISIETCA MO
doopmynam:
—x_* 2 x_* — 212 V(1 —
C_f*'urel * — urel(x )( p)
x*, X"

pesynesraTtbl U3MepeHun, nonyyvyeHHole ceasyowmnmm HMU n CIPM m
RMO KC cooTBeTCTBEHHO.

P KOIOPUUMEHT KOoppenaumn pesynbsrtatoB U3MepeHUn, nosyyeHHbIX
B ceAsyoweM HMW, u,..;(x*) = Uy (X7) 23
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX

CIIMUMEeHMMN.
COOMET R/GM/14:2016

BbluncrneHune MynbTMNNMKaTUBHOM NMONpPaBKU B cry4yae
HecKonbKux ceasyrowmx HMAU

B cnydae Heckonbkux ceasywowmx HMW, mynstunnmkatneHaa nonpaska
BbIHMCMAETCA KaK CcpefHeB3BelleHHOe 3HadyeHne MYyNbTUNIMKaTUBHbIX
NonpaBoOK, BbIYMNCIIEHHbIX MO pe3ynbratam Kaxagoro ceasytouwero HMW:

yL 1 x,’z
k=172
x:)(1 — 2
c = rez( k)( - Pk) ’ Ugez(c) _ -
L L
fe=1 %el(xk)(l pk) fe=1 gel(xk)(l_pk)

24
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX
CINIMYEHMMN.

COOMET R/GM/14:2016

BbluncneHue cteneHn 3KBUBasIEHTHOCTH
CTteneHb akBMBarneHTHocTu i-ro HMW oueHnBaetca no goopmyne:

di = X; X € — Xpey
C COOTBETCTBYIOLLEN HEONPEOENEHHOCTBHIO

u2 (di) = Czuz(xi) + uz(xref) + 2 (ZluZ(xZ)(l — pk)) (1 B uz(xref) zl uz(xl*))

ecrim i-Tein HMW He 3anmcTByeT pasmep egmHuubl y ydactHukoB CIPM KC, n

~ ‘ 1 B ’ !
u2 (dl) = C2u2 (xl) - u2 (xref) + 2 (ZluZ (x;:)(l — pk)) (1 B uz (xref) Zl u? (X:))

ecrm i-tein HMW 3aumcTByeT pasmep eanHuubl y Kakoro-nmdo yyactHmuka CIPM
KC

25
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX

CIIMUMEeHMMN.
COOMET R/GM/14:2016

BblyucneHue nonapHbIX cTerneHen 3KBMBArieHTHOCTH

BbluncrnieHne NnonapHbIX CTENEHEWN SKBMBASIEHTHOCTH 3TaJIOHOB-Y4aCTHUKOB
RMO KC

CTeneHb akBMBaAreHTHOCTU anga napbl atanoHos HMW-ydyactHmkoB RMO KC, korga
HU ognH HMW He aBnsaeTcsa cBA3yoWwmMM, BblYUCAETCA No oopmyre

dij =d; —d; = c(X; — X;)
uz(dij) = c*(u*(x;) + uz(’?}') — ZCOV(’E"?}'))

26
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O6paborTka gaHHbBIX permoHanbHbIX KNIO4YEeBbIX

CIIMUMEeHMMN.
COOMET R/GM/14:2016

BblyucneHue nonapHbIX cTerneHen 3KBMBArIeHTHOCTH

BbluncrieHme nonapHbIX CTENEHEN 3KBMBANEHTHOCTU 3TarioHa-y4yactHmka RMO
KC u aTanoHa-y4yactHuka CIPM KC

CTeneHb 9KBMBASIEHTHOCTM Napbl 3TanoHoB, yv4acTHKk RMO KC un yyactHuk CIPM
KC Bbluncngerca no oopmyne:

dij=9?'l-><c—xl-

C COOTBETCTBYIOLLEN HEONpPeaeneHHOCTbIO

u?(d;;) = c2u(®) + u?(x;) + — 2cov(X;, x;)

LI
tu2 () (1 — pr)
ecnu j-bin HMW He aBnsietca ceasyowmnm HMA u

u? (dij) = c?u?(x;) + u? (xj) — 2c cov(X;, %))

ecnu j-bin HMW aBnsaetca ceasyowmm HMA 27



oryn «BHUMM M. A.M.MEHAOENEEBA»

O6paboTka gaHHbLIX permoHanbHbIX KNMO4YEeBbIX
CININMEeHMMN.

COOMET R/GM/14:2016

MoaTeBepxaeHue 3asBNeHHbIX HeornpeaeneHHOCTeN

ECﬂM BbIMNOJTHAETCHA CJ'Ie,EI,y}OUJ,ee HepaBeHCTBO:
|d;| < 2u(d;)

TO OUEHKM HeonpenereHHocTen pesyneratoB, 3aasndemble HMW,
CornacylTcd ¢ AaHHbIMWU CIIMYEHUN, YTO ABMSAETCA NOATBEPKOAEHNEM
cooTBeTcTBYOWMX cTpok CMC.

28
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O6paborka paHHbIX permoHanbHbIX KNMO4YeBbIX
CIIVYEHMUM.

COOMET R/GM/14:2016

NMpunoxeHne B

BblpameHme cTteneHn skBnBarieHTHOCT B OTHOCUTEJIbHOM BUAE

Xi Xi = Xref  Xj

—1

di,rel —

di,rel —
Xre f Xre f Xre f

29



O6paborTka gaHHbLIX AONONTHUTENbHbLIX CITUYEHVUMN.
COOMET R/GM/19:2016

B 3aBucumocTtn Ot YPOBHA 3TaJiIOHOB, Y4Y4aCTBYWLLUMNX B CIIM4EHUAX,
cneagyet BbleJsinTb iBa OCHOBHbIX TUMA AOMNOJIHNTESIbHbIX CITUYMEHUN .

Tun |. CnnyeHus nNepBUYHLIX HaUMOHambHbLIX 3TafloOHOB, KOTOPbIE MO
pasHbIM MNpUYMHaAM He ObiNM BHECEHbl B CMUCOK KITHOYEBbLIX CITIMYEHUN.
Cpeon Takmx MpuUYMH MOXHO BblgenuTb neperpysky KoHcynbTaTuBHbIX
KOMUTETOB WNWU WHTEpPeC K [AaHHOMY BWUAY CIIMYEHUU TOSMbKO Y
orpaHunyeHHoro 4ucrna HMW. CnnyeHna gaHHOro tmna 4acrto MoryT ObiTb
OBYXCTOPOHHUMM.

Tun |Il. CnnyeHna, Kak npaBuno, BTOPUYHLIX HaLMOHAasbHbIX 3TaSfIOHOB,
KOTOpble 3aMMCTBYKOT pa3Mep eguHuUUbl Yy YYacTHUKOB KIHOYEBbIX
crimdyeHnmn CIPM. Yvactne Ttakmx HMW B CIPM KC npobnemaTunyHo,
nockonbky Kpyr ydactHmkoB CIPM KC orpaHuMyeH npexne Bcero
nepBUYHbIMA HauMOHanbHbIMMU aTanoHamum, KOTOopble NMeEKT
NpUoNIN3NTENIBHO OAUH YPOBEHb TOYHOCTM.
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O6paborTka gaHHbLIX AONONTHUTENbHbLIX CITUYEHVUMN.
COOMET R/GM/19:2016

Tun cnnuyeHun

Peluaemble 3agaymn Tun | Tun 11
[TpoBepka . ,
COrMacoBaHHOCTY 2 = z (x; —2 Xref)
NaHHLIX=N0ATBEPXIEH 1oout(x)
ne 3asaBneHHbix CMC
BoisiBneHne o |x; — Xper] — ;= Xyer|
HecornacoBaHHbIX n = n =
JAaHHbIX 2\/u2(xi) — U?(Xpef) 2\/u2(xi) + uz(xref) — 2cov(Xj, Xref)

[MogTBepxaeHne CMC [1pu pasnmynm meToank n3amepeHnn Npu CrImveHnm un
Kannbposke aHanna brogketa HeonpeaeneHHOCTH
N3MEPEHUN U ayanT CUCTEMbl MEHE)KMEHTA KayecTBa

31
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O6paborTka gaHHbLIX AONONTHUTENbHbLIX CITUYEHVUMN.

u(x;)
n
Xref
U(Xref)

cov(Xj, Xyef)

COOMET R/GM/19:2016

0O603HauYeHunA

pe3ynbTatbl 4OMNO/THUTE/IbHbIX CﬂMLIeHVIVI;

3adBJ/iIeHHble CTaHAapPTHblE HeornpeadeneHHOCTU y4aCTHMKOB CINYEHUN
YMUC/NO Y4aCTHNKOB CNYEHUNn

OonopHOoE 3HaveHne AOMNONHUTE/IbHbIX CI'IMHEHMVI,'

CTaHAOapPTHAA HeonpeaeneHHoOCTb OnopHOTro 3Ha4Y€HUA
AONONTHUTENDbHbLIX C/ M‘-IEHMIZ;

KoBapuauma pesynbtatoB namepenHusa ji-ro HMW 1 onopHoro 3HauyeHus
OOMNONHUTENbHbLIX  CAMYEHUN,  OOYC/NIOB/MIEHHAA  3aMMCTBOBaHUEM
pa3mepa eguHULBbI.

32



oryn «BHUMM M. A.M.MEHAOENEEBA»

O6paborTka gaHHbLIX AONONTHUTENbHbLIX CITUYEHVUMN.
COOMET R/GM/19:2016

OueHuBaHUe AaHHbIX OONONTHUTENbHbIX CITUYEeHUN

nepBOro Tuna.
NMpoBepka cornacoBaHHOCTU AAHHbIX CIIUYMEHUN

Ha ocHoBe pe3ynbTaTtoB W3MEPEHUn U COOTBETCTBYHOLUUX HeonpeaeneHHOCTEN,
NnpPeacTaBneHHbIX Y4aCTHUKaMU CIIMYEHWUIA, BbIYUCTAIOT 3HaYeHUe Kputepus x>

n(x; — Xpor)?
f
X2 2 : [ re

1 u?(x;)

x.
RTICO
x‘l‘ef: 1 L , u (xT'ef)zzn 1 )
n__-— 19,2(.
Zl u? (xl) u (xl)
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oryn «BHUMM M. A.M.MEHAOENEEBA»

O6paborTka gaHHbLIX AONONTHUTENbHbLIX CITUYEHVUMN.
COOMET R/GM/19:2016

OueHuBaHUe AaHHbIX OONONTHUTENbHbIX CITUYEeHUN
nepBOro TMNa.

NMpoBepkKka cornacoBaHHOCTU AaHHbIX ClINYEHUN
Ecnn 3HayeHne kputepusa, BbldncrieHHoe no npegcrasneHHsiM HMW gaHHbIM, He

NPEBOCXOAUT KPUTUYECKOro 3HaveHus x> Ana yposHA gosepusa 0,95 u uyucna
cTeneHen ceoboabl n-1

n(x; — Xper)?
2 2 : [ ref 2

TO AaHHble pa3HbIX HMW moryT 6bITb NPpM3HaHbI COrnacoBaHHbIMU,
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O6paborTka gaHHbLIX AONONTHUTENbHbLIX CITUYEHVUMN.
COOMET R/GM/19:2016

BbisiBNneHne HecornacoBaHHbIX AaHHbLIX U1 dopMUpoBaHMe
MHOXeCTBa COrfiacoBaHHbIX AaHHbIX CIIUYEHUSA

Onpepensetcsa ToT HMW, koTopblin obecnednBaeT MakCuMym Kputepusa E,:

|xi — xrefl

2\/u2(xi) — uz(xref)

max E, =
l

[aHHble aToro HMW BpeMeHHO WUCKIHOYaloTCs U3 PpacCMOTPEHMUSA, N MOBTOPSIETCA
npoueanypa, pacnucaHHas Bblwe. [locrnenoBaTenbHOE WCKMKOYEHME  OaHHbIX
NOBTOPSAETCA A0 TEX NOp, Noka He OyaeT BbINOSIHEHO yKa3aHHOE Bbllle YCroBue
AN rpynnbl OCTaBLUMXCA AaHHbIX (MHOXECTBO COrfnacoBaHHbIX OAaHHbIX)

Ons dopMUpOBaHUA MHOXECTBa COrMacOoBaHHbIX AaHHbIX TakKe MOXeT ObITb
npMeHeHa npoueaypa dopmupoBaHus  HambonblLUero  corrnacoBaHHOro

MHOXeCTBa.



oryn «BHUMM M. A.M.MEHAOENEEBA»

O6paborka paHHbLIX AONONMHUTENMbHbIX CIIMYEHUMN.
COOMET R/GM/19:2016

NoarBepxaeHne CMC paHHbIXx// Cox M G,, Harris P, Milton M
“Methods for determining acceptable CMC”

[Ona pes3ynsratoB M3MepeHuin, noweaLlnx B MHOXECTBa COrnacoBaHHbIX AAHHbIX
N NCMNOSMb3YEMbIX AN  BbIYUCIIEHMA OMOPHOIMO  3HAYEHUS MPUMEHSIETCS
cneayowas npoueaypa nogreepxaeHmna CMC gaHHbIX.

Ecnn gna pesynesrata namepeHus X, u(X) BbIMONMHAETCA YCIoOBUE:
|x — Xref |

2 Juzcx) — U2 (Xye))

To MUHMManbHasi CcTaHgapTHass HeonpeaeneHHOCTb, KoTopasi MOXET OblTb
3agaBneHa B kadectBe CMC cocTaBnser:

E, = <1

u(cme) = u(x)

COOTBETCTBEHHO pacLUMPeHHas HeonpeaeneHHOCTb COCTaBNAET

Ug,o5(cmc) = 2u(x) 36



O6paborTka gaHHbLIX AONONTHUTENbHbLIX CITUYEHVMN.

COOMET R/GM/19:2016
NMoarBepxpenmne CMC pgaHHbIX// Cox M G,, Harris P, Milton M

“Methods for determining acceptable CMC”
http://www.bipm.org/wg/AllowedDocuments.jsp?wg=GAWG
Ecnn gna pesynerata usamMepeHusa X, U(X) He BLIMOSTHAETCH YCrnoBWe Bbille, TO
MUWHUMarbHaa cTaHgapTHas HeonpeaeneHHOCTb, KoTopasa MOXET ObITb 3asiBfieHa
Npu BbINONHEHUN n3MmepeHunn/kanndposok (CMC) BblMMCNSETCA MO crieayloLlen

doopmyne: ( )2
x —
u?(cme) = 4Tef + u?(Xref)
CoOTBETCTBEHHO paclUMpeHHas HeonpeaeneHHocTb cocTtasnsaer Ujgs(cme) =
2u(cmc).

E,J'IFI pe3yrnbraTtoB M3MepeHMﬁ, HE BoLlealnx B MHOXECTBO COIT1aCOBaAHHbLIX
AaHHbIX U UCNOJIb3yEMbIX OJ1A BbIYUCITIEHUNA OMOPHOIro 3HaA4YeHUA MNPpUMEHAETCA
MUWHMalrlbHaaA CTaHOapTHadA HeonpeaeneHHOCTb BbIYUCIAETCA MO cnenyrou_\elh

doopmyne: ,
(x _ xref) 2( = —
— u2(Frer), Uo,o5(cmc) = 2u(cme)




oryn «BHUMM M. A.M.MEHAOENEEBA»

O6paborTka gaHHbLIX AONONTHUTENbHbLIX CITUYEHVUMN.
COOMET R/GM/19:2016

OueHuBaHue AaHHbIX OOMNONTHUTENbHbLIX CITUYEeHUN
BTOPOro Tuna

YcTtaHoBreHne onopHoOro 3Ha4eHnsa AONOSNTHUTESIbHbLIX CIINYEeHUN

PedbepeHTHas nabopaTopuss ycTaHaBnMBaeT Ha OCHOBE Pe3yrbTaToB U3MEepPeHUi
NN pacyeToB OMOPHOE 3HAYeHWe AOMOSTHUTENbHbLIX CITUYEHUN- OLIEHKY 3HaYeHUs!
TPaHCNOPTUPYEMOTO aTarnoHa CpaBHEHWS 7 COOTBETCTBYIOLLIYIO
HeonpeaeneHHoCTb:

xref: u(xref)
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oryn «BHUMM M. A.M.MEHAOENEEBA»

O6paborka paHHbLIX AONONMHMUTENbHbIX CIIMYEHUM.
COOMET R/GM/19:2016

NMoarBepxxaeHune CMC paHHbIX

NoateepxaeHne CMC ocHOBaHO Ha MCMOMb30BaHUKN KpuTepus E,, BbIMUCIIEHHOM
no npeacrtasneHHomMmy HMW pesynesratel namepeHus, X, u(x):

E = |x_xref| <1

2\/u2(x) + uz(xref) _ zcov(xl xref)

[pumedaHne: OCHOBHOW NPUYMHOM  KOBapuauun  cov(X;, Xref) ABNSAETCH

3auMCTBOBaHME eauHULbl BENUYMHbLI Yy pedepeHTHONM nabopartopun. [Ons
BbIYMCIIEHMA KOBapuaumm Heobxoaumo npoaHanunampoBaTb OOIKET ydYacTHUKAa
CNMYeHnn n pedepeHTHo nadbopatopun 1 BbISIBUTb T€ COCTaBMsAOLWME, KOTopble
ABNAIOTCA OBLNUMM U HEU3MEHHBLIMU uj (x;):

cov(xj, Xre f) = u(x;)
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oryn «BHUMM M. A.M.MEHAOENEEBA»

O6paborka paHHbLIX AONONMHMUTENbHbIX CIIMYEHUM.
COOMET R/GM/19:2016

NMoarBepxxaeHune CMC paHHbIX

Ecnun ycnoBume  Bbille  BBINOSMHSAETCA, TO  MUHUMarbHasi  CcTaHOapTHas
HeonpeaeneHHOCTb, KOTopasi MOXET ObITb 3asiBrnieHa B kadyectBe CMC paBHa

u(eme) = u(x)

MuvHuManbHast cTaHgapTHast HeonpeaeneHHOCTb, KoTopasi MOXET ObITb 3asiBrieHa
B kKayectBe CMC Bbluncngaerca no popmyne:

CoOTBETCTBEHHO pacLUMpPeHHas HeonpeaeneHHOCTb COCTaBNAET

Uo,o5(cmc) = 2u(cme)

40



Confirmation of CMC entries on the basis of DoEs.

Current practice
Confirmation of CMC
Determination of Calculating DoEs “..calibration and measurement
KCRV capabilities  expressed as an

uncertainty...”

.
di =X — Xpep |, = '\
{Xref) Urer) TR d; < 2u(d;)
U(di) — ‘/
A g A g A _
< R —
O - NO
_— ~>
“In this case, the institute has the choice of Increasing the corresponding
either withdrawing .. of the relevant measurement uncertainties
calibration and measurement services or
increasing the corresponding

Finally all measurement results occur
to be consistent with reference value

uncertainties...”

NN



KCRYV and Degree of equivalence of
measurement standards

... the degree of equivalence of measurement standards is taken to
mean the degree to which these standards are consistent with
reference values determined from the key comparisons and hence are
consistent with one another.

Measurement model X=X
Measurement results {x;,u;}
[ . N [ N é N
Chi-square
criterion » DoEs
X;i — X yul(x; — X
XZ <X0,952(n_1) { [ ref ( l ref)}
\, J \, J

N b



CCQM-K5 ¢J Examples of
Inconsistent data

| CCM.P-K12
c#zl
l
*3 ®9 !




CCQM-KS5. Pair-wise degrees of equivalence

= |xi — x|
dij = {xi — xj, 2\/ui2 + ujz} n
2\/ui2 + u;?
1 2 3 4 ) 6 7 8 9 10

1 1,08 { 1,72 | 0,07 | 0,69 | 0,06 | 0,91 0,62 1,36 | 4,14
2 1,08 1,08 | 0,49 | 2,44 | 1,00 | 0,14 2,20 0,50 | 4,39
3 1,72 | 1,08 0,89 | 2,66 | 1,66 | 0,71 2,53 0,66 | 1,87
4 0,07 | 0,49 | 0,89 0,20 | 0,10 | 0,52 0,18 0,64 | 1,72
5 0,69 | 2,44 | 2,66 | 0,20 0,77 | 1,66 0,05 2,59 | 6,36
6 0,06 | 1,00 | 1,66 | 0,10 | 0,77 0,85 0,70 1,29 | 4,06
7 0,91 0,14 | 0,71 0,52 | 1,66 | 0,85 1,57 0,20 | 2,61
8 0,62 | 2,20 | 2,53 | 0,18 | 0,05 | 0,70 | 1,57 2,39 | 5,88
9 1,36 | 0,50 [ 0,66 | 0,64 | 2,59 | 1,29 | 0,20 2,39 3,34
10 | 4,14 | 4,39 | 1,87 | 1,72 | 6,36 | 4,06 | 2,61 5,88 3,34
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CCQM-K5 Key Comparison
Determination of pp’-DDE in Fish Oil

Uncertainty

22
xref — lz X; uz(xref) _ Z(.’Xfl X)

nn—1) 0,023

S[(3D)

0,029

0,025

0,032

0,067

0,025

0,031

0,033

0,026

0,026

0,026
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Approaches for evaluation of inconsistent data

Forming consistent set /subset Using more complicated model
 Largest consistent subset (LCS) * Fix effect model
Cox M. G. “The evaluation of key comparison data: determining Elster C, Toman B."Analysis of key
the largest consistent subset’, 2007, Metrologia 44, pp. 187-200 comparisons: estimating laboratories’
e Birgeratio biases by a fixed eftects model using
Lira I. “Combining inconsistent data from interlaboratory Bayesian model averaging ;2010
comparisons’, 2007, Metrologia 44, pp. 415-21 Metrologia47, pp. 113-119
« MCS
B st N.A. “Devel t and study of algorithms fc —
urmistrova evelopment and study of algorithms for X;=X+B,

processing inconsistent data in key comparisons of standards’,
Measurement Techniques. 2015. T 57. N2 10. C. 1103-1112.
Burmistrova N,, Viktorov [, Chunovkina A.

“Data processing in determining gravitational constant by the
method of metrological compatibility set (MCS)”,30th
International Scientific Symposium Metrology and Metrology
Assurance, MMA 2020. 30. 2020. C. 9254238.

“? Random effect model (REM)

Koepke, A, Lafarge, T, Possolo, A, & Toman, B. “Consensus building for interlaboratory studies, key
comparisons, and meta-analysis.”, 2017, Metrologia, 54(3), $34-562.

' some additional assumptions are

required: Sutton CM 2004
Metrologia 41 272-7

Toman B, Possolo A “Laboratory effects models for interlaboratory comparisons”, 2009, Accreditation and
Quality Assurance, 14, pp. 553-56

Willink R, ‘Statistical determination of a comparison reference value using hidden errors, 2002,
,Metrologia39, pp. 343-354

Merkatas ¢, Toman B, Possolo A, Schlamminger S “Shades of dark uncertainty and consensus value for the
tonian constant of gravitation”, 2019, Metrologia 56, Number 5

Xi=X+Bi, BiEN(O,O'Z)
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CCQOM-K5. Largest consistent subset

Advantages

Xrer 1S Dased on

consistent data set
* DoEsare

established

according to MRA

Disadvantages

Excluding some results
Ambiguousness in
forming LCS

Measurement model

X=Xi

a7



CCQM-K5. Random effect model

% Measurement model
0

X=Xi+Bi, Bi EF(O,O'Z)

3 Xi
--.;.2-}--} ....... 7----}o- Li)v?

. T Xref = y_ 1
%] 4 T 6 - u2(x;)+a0?
5 ? 8 ;% = w2 + o2
Disadvantages
40
« Ambiguous
interpretation of B; 63
« Enlarging measurement D T N T 2 .
uncertainties by the
" S P PR P AR SR ;g IS ey e
same additive factor o 5 ¢ 8
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CCQM-KS5. Birge ratio

rg = 5,002 IR AR T U N B
rg19 = 2,859 I
rg(3%10) = 2 520 N S SN p— _5 -6 -

__
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Foundation of the suggested approach (MCS)
(Cox M.G. \

“Evaluation of key comparison data” Metrologia, 2002, 39, n°6, 589-595

“National measurement standard” is interpreted as the result of the
measurement made by the respective participating national institute of a

travelling standard
e <

metrological compatibility of measurement results

property of a set of measurement results for a specified measurand,
such that the absolute value of the difference of any pair of measured
quantity values from two different measurement results is smaller than
. some chosen multiple of the standard measurement uncertainty of thaD

|xi—xj]|

2 ’ui2+uj2

<1

{x;, ui}i=1,...,n
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Suggested approach:
metrological compatible set (MCS)

Compatibility of measurement results:

|2 — xj| < 2\/aiui2 + aju;? &




Application of the suggested approach

to CCQM-K5

1.1

1.0

2.4

1.0

3.5

1.0

1.0

2.9
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1.8

K
=
o

8.3
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Proposed “decision tree” for key comparisons data evaluation

Measurement data

no /\yes
2

MCS

X

no

E, <1

MCS

REM

yes

KCRV
DoES

Confirmation u;
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oryn «BHUMM M. A.M.MEHAOENEEBA»

MeTponornueckasa arrectauma «dark uncertainty» anropurma*

1. ycTaHOBHUTH XapaKTCPUCTUKH (MOKa3arenan) aaropurma (performance characteristics):
* yCIOBHYIO (DyHKIIMIO pacmpeneicHus onenku dark uncertainty mpu 3ajaHHOM 3HAYCHHUU

o: P(6 < x|o)

Eo—-o

* OTHOCHTEIIbHOE cMeleHue oreHku dark uncertainty .

N

S(o)

* OTHOCHTEIbHOE CTaHJapPTHOE OTKJIOHEHHE olleHkH dark uncertainty ;. ——— ;
o

2. BBIOpATh TUIOBBIC MOJICIN UCXOIHBIX JAHHBIX, OCTYIAIONMINX HA BXOJ aJlTOPUTMA:
X; € N(O, uiz + 02) , 0 < 0 < 2u, uncno madoparopuii 5, 10 , 20, 30 ( xpussie 1, 2, 3 u 4 Ha Puc.
CoOOTBETCTBEHHO)

3. BBIYUCIIUTH (OI_ICHI/ITB) SHAUYCHU XAPAKTCPUCTHUK AJITOPHUTMA HAa MOACIIN UCXOJHBIX TAHHBIX

* METPOJIOMYECKAA ATTECTALNA ATIFTOPUTMA OLUEHWBAHWA HECOITIACOBAHHBIX JAHHBLIX

KITFOYEBbLIX CITMYEHUN HALIMOHATIbHBIX 3TAJTOHOB
bypmucmposa H.A., Bukmopos U.B., YyHoekuHa A.I., amepumernbHasa mexHuka. 2022. Ne 7. C. 43-48.
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YcnoeHasa byHKUMA pacnpeneneHus OueHKu o
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oryn «BHUMM M. A.M.MEHAOENEEBA»

NMpoekTtbl TK1.1 KOOMET B 06nacTtu oueHmBaHmnA
pe3ynbTartoB CJIMVYEeHUN HAUMOHAlIbHbIX 3TaJIOHOB

« 727/RU-a/17 PaspaboTtka NHdopmaunoHHoro MaTtepuana KOOMET
«MopgenupoBaHne gaHHbIX CIUYEHU HALUMOHArbHbIX 3TaroHOBY

« 336/RU-a/05 Paspabotka n akryanmsauma PekomeHpaummn KOOMET "PykoBoacTtBa
MO OueHUBaHUIO AaHHbIX KntoveBblx cnndeHnn KOOMET" (COOMET R/GM/14)«

« 302/RU-a/04  Paspabotka n aktyanmsauma PekomeHgaummn KOOMET "PykoBoacTtBa
N0 OLUEHMBAHWIO AaHHbIX gononHuTenbHbIX cnuyeHnn KOOMET" (COOMET R/GM/19)

AHKeTa — BONPOCHMUK ?
Cnacub6o!
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CNnACUMB0 3A BHUMAHME
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