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- »y
o

TpeboBaHus

6.4 ObopynosaHune

6.4.1 JlabopaTopus [OMKHa KMETb AOCTyn K OOOPYAOBaHMIO ..., KOTOpOE
HEeobXoAMMO ANA HaAIeXallero OCyLecTBAeHNs NabopaTopHOW AeATENbHOCTU U
KOTOpOE MOXET MOBAVATb Ha ee pe3ybTaTbl.

6.4.6 VismeputenbHoe obopynoBaHWe OOMKHO ObiTb  KanMbpoBaHO, ec/u
TOYHOCTb U HeomnpeaeneHHOCTb WU3MEepeHUn BAMAKT Ha AOCTOBEPHOCTb
NpeacTaBAgeMbIX Pe3ynbTaToB; U/UInM Kannmbposka ob6opyaoBaHMs TpebyeTcd And
YCTAHOBNIEHNA  METpPOJIOTMYeCcKoW  MPOCNEXMBAEMOCTU  MpeacTaBNsSeMblxX
pe3y/bTaToB.

B PD® B pa3Hbix cnyuvasx TpebytoTcs MnpeacTaBleHMe nokasaTesiell TOUHOCTU
nsmepeHunn ¢ nomoubto CK nnbo B TepMMHax norpewHocTen, Moo B TEPMUMHAX
HeonpeaeneHHOCTEN.

B oboux a1ux cnydasx npu oueHke MX CW no pesynbtatam KanmbpoBKM
BO3HWMKAOT 4 OAHOTUMHbIE METOANYECKME 334a4UN:

1. Vicnonb3oBaHue 3HaueHMs cMeleHus, oueHeHHoro npu kanmbposke CUK B
NaHHOWM TouKkeOranasoHa nsMeperun, npu ouerHke MX CH1.

2. Vlcnonb3oBaHue pe3ynbTaToB KannmopoBKYM, MOMYUYEHHbIX B KOHKPETHbIX TOUKaX
nmarasoHa namepeHui, npu oueHke MX ClI Bo BceM amanasoHe naMepeHui.

%MI/IcnonmosaHme pe3y/ibTaTOB |<an|/|6pos|<|/| B 3ada4aX OUEeHKW COOTBETCTBUA

4. HeobxoaomMocTb 0DBOCHOBaHUS obsa3aTeNIbHOro CTaHOB/IEHUS
MeXKaNMBbpOBOYHOrO WMHTEpBana Mnpu  Pas/iMuHbIX  OLEHKax X CV no
pe3ynbTaTaM KaaMOpOBKM U B  3aBUCMMOCTM OT 0bnacTv MNpUMeHeHs

pe3ysibTaToOB N3MeEPEHNM MOoJTy4aeMbliX C MOMOLLbIO OTI<aJ'II/I6pOBaHHOFO CW.
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EURAMET cg-15 Guidelines on the Calibration of

TununuHblie pe3synbTaTbl KANING6POBKYU

Digital Multimeters

Applied Voltage

Instrument

MRasurement Result

Value Frequency Range Reading Error Uncertainty
100,00 my 50 Hz 99.9 mV 0,10 my 0.10 mV
100 mv
100.00 mV 1 kHz 99.7 mV -0.30 mV 0.10 mV
1.000 0V 50 Hz (0.998 v -2.0mV
1.000 0V 1 kHz v 0.999 v -1.0 mV 1.0 mV
2.000 V 1 kHz 2.02V 20 mv mV
10.000 V 50 Hz 10,03 V 30 mv I mV
10.000 V 1 kHz 10,01 V 10 mV 10 mv
10.000 V 20 kHz 10V 991V 90 my 10 my
10.000 v 100 kHz 9.81V -190 mv 20 mv
15.000 V 1 kHz 14.98 V =20 my 13 mV
100.00 V 50 Hz 998V -0.20V 0.10 v
100.00 V 1 kHz oV 99.5 vV -0.50 V 010V
1 000.0 V 50 Hz 995V 5.0V 1.0V
1000 V
1 000.0V 1 kHz 992 v -8.0V 1.0V

e Y

A=x-A

e m— X =)+ /]

X=(x+4)£U

MEXIOCYAAPCTBEHHbIW COBET NO CTAHAAPTU3ALMU, METPONOIUM U CEPTUOUKALIUU
(Mrc)
INTERSTATE COUNCIL FOR STANDARDIZATION, METROLOGY AND CERTIFICATION
(IsC)

MEXFOCYAAPCTBEHHbI# i
CTAHOAPT 34100.3—
2017/
ISO/IEC Guide
98-3:2008

HEOMNPEOENEHHOCTb U3MEPEHUA

YacTtb 3

PyKOBOACTBO Nno BblpaXeHunw
HeonpeaeneHHoOCTu uaMepeHusa

(ISO/IEC Guide 98-3:2008, IDT)

PyKoBoACTBO peKomeHAyeT ANA U3BECTHbIX 3HAaYMMbIX CUCTEMATUYECKUX 3¢¢EKTOB NMPUMEHATDb NONPaBKMU K pe3y/ibTaTaM M3MEpEHMﬁ

X

HeucnpaBneHHblii pesynbtat uamepeHua (uncorrected
CUCTEMATUYECKYHO NOTPEeLLIHOCTb

X=X+A WcnpasneHHblli pe3ynbTaT uU3MepeHua (corrected

CUCTEMATUYECKYIO NOrpewHOCTb

result):

result):

Pe3ynbtaT uM3MepeHnAa [0 BBeAeHMA TMOoNpPaBKU Ha

Pe3ynbtaT M3MepeHMA nocne BBeAeHUA MONpPaBKM Ha

3
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OnucaHue 3agaun

O6beKkT KanmbpoBKM  9BNSETCH  M3MepuTesbHbIM  npeobpasosaTeneM (M3MepUuTebHbIM
NpUOOPOM) C HEKOTOPbIM AMAMNa3OHOM M3MEepEeHU. DTanoH aBndeTca Mepon (MHOTO3HaYHOW
UMW OOQHO3HAYHOW), K3MepUTesbHbIM MNpeobpa3oBaTeneM WAM  CTaHOApPTHbIM  OOpPa3LOM
(HabopoM cTaHAapTHbIx obpasuos). Kannbposka nposoanTtcs B J (j=1.J) Toukax nytem npsambix
N3MEPEHUM 3HaYeHWs BEeNMYMHbI BOCMPOM3BOAMMOWM 3TA/IOHOM B |-W TO4YKe N pa3 ﬁ=1..n).
Mopenb KannbpoBkiM MOXeT ObITb NpeacTasieHa ypasHeHueM (1)

A=X; — Aj + Xl &5, (M

NN ypaBHeHmneM (2)

X] — A] + A] + Z%:l €lj » (2)

roe A; - owmnbka (MOrpewHoOCTp) NoKasaHMM obbeKTa KaMbpPoBKHY;

Xj — pe3y/bTaT U3MepeHUsa BeNNYMHbI, BOCNPOMU3BOAMMON 3TaSIOHOM B j-OM TOYKE C
NOMOLLBIO 0OBbEKTA KaNMOPOBKU;

A; - 3HaveHWe BeNnYNHbI, BOCMPOW3BOAMMOW ITAa/IOHOM B |-U TOYKE;

elj — MOripaBKa CBA3dHHAA C l-M MCTOYHMKOM Heornpele/1eHHOCTN B_j-l;l TOYKeE.

4
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TunuyHbIe UCTOYHUKMU HeonpeaoeneHHoCTn

MUCTOYHUK HeonpeaeneHHoCTH & OueHKa HeonpeaeneHHOCTU
n
. 5 1 2
MoBTOpPAEMOCTb U3MEpEeHNiA S Uy~ = (Aij — Aj) (3)
J n-n—1)c 4
1=
KannbpoBKa 3TanoHa U(A) cepTMdUKaT KaNMbpPoBKMY;
MorpewHOCTb NOKa3aHUM 3Ta/I0OHA A(A) PMI115n.6.1
HectabunbHoCTb 3TaNOHa™ s(A) cm. OIML D10, PMT 115 n. 6.2

eéHa ageneHuna, AUCKPETHOCTb ﬂOKa3aHMﬁ nanm paspellarulaf
LieHa A AVCKP pasp w 4 4/(2-3)

CcnocobHOCTb 06beKTa KaIMOBPOBKMU

HennHenHOCTb NOKa3aHUM 06beKTa KaIMbpoBKMU r PMI 115 n. 6.3

* ana aTanoHoB B BMAE CEPTUPULMPOBAHHLIX CTAHAAPTHbIX 0OPa3LOB HeonpeaeneHHOCTb OT HEeCTabWNbHOCTU YXKe BK/OYEHA B
HeonpeaeneHHOCTb aTTeCTOBAHHOTO 3HayYeHuA [1]

Torga paclumpeHHas HeonpeaeneHHOCTb oLueHMBaeTcs no ¢popmyne

2
Up=k-uc; =k- \/”Af2 + Xica (e wy)” (4)

rae k — koapduumenT oxsarta (k=2; p=0,95);
Uc ; = CyMMapHaA CTaHAapTHaA Heonpe/eNeHHoCTb B j-" TOuUKe;

C1j — KOIGPULMEHT BANAHUA |-rO MCTOUHWUKA HEONPEAENEHHOCTH B j-1 TOUKE;

ulj - BE/IMYUHA CTaHAapTHOﬁ HeonpeaeneHHoOCTH" |-ro nctouHuKa HeonpeaoeneHHoOCTn B J-I\/JI TO4YKe.

PCT
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Cnocobbl yyeTa NOrpewHoOCT NoKa3aHUM

Kormpa A cTaHOBMTCA ewe OAHMM MWCTOYHMKOM HeonpeaeneHHOCTU, MoaydYaemoe 3HayeHue
HeonpeaeneHHOCTU  MOXHO  WHTEPNpPeTUpoBaTb KAk  HeonpeaesNeHHOCTb  MOKa3aHWM
M3mepuTenbHoro npubopa B Touke j: X; + U'j . B ctatbe [2], a TaK e B [3-6] onucaH cnocob
pernameHTMpoBaHHbIM B ISO Guide 33 Koraa «ana rpybor annpoKCMmMauMM KBaapaT CMelleHuA
nobasnaloT B OoaXKeT HeonpeaeneHHOCTM ANA y4eTa HECKOPPEKTUPOBAHHOMO, 3HA4YUTENbHOrO
CMeELLEHUAY, T.€.

Uj=k- \/ucjz + A2 (5)

ABTOpbI [2] onucanu ewe paa cnocobos yyeTa Habaogaemoro cmeleHua. Hanpumep

2
U,]=\/(kucj) +A]2=JUJZ+A]2, (6)

NNN paclMpPeHHYI0 HeonpeaeneHHOCTb U 3ameHAoT Ha U+A, Kak onucaHo B npumepe F.2.4.5 TOCT 34100.3

U'j =k uc; + 8] = U; + 4] (7)

PCT
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YueT HeonpeaeneHHOCTU OT HEJIMHEMHOCTH

[IPUMEHNTENBHO K MOCTAaBNEHHOM 3adaye — ONMUCaTb HeonpeaeneHHOCTb MOKa3aHWMW B HEKOTOPOM AManasoHe
N3MEPEHWNIN, HEAOCTAaTOMHO 3HAaHMW O HeonpeaeseHHOCTU, OLUEHEHHOM B OTAE/IbHbIX TOYKAX AMana3oHa. Toraa
Heobxo4MMO OUEHUTb AMANA30H KaAMBPOBKM U HENMHENHOCTb CTaTUYECKOM XapaKTEPUCTMKN 0OBbEKTA KannbpoBKu
B 3TOM AMana3oHe, KOTOpaa BblPaXaeTcsa B Ha/JIMUMN OTK/IOHEHUWN 3TON XaPAKTEPUCTUKMU OT anmMpPOKCUMUPYHOLLEN
nmHuKn [7], T.K. pe3ynbtatom Kanmbposku asnsetca XtU ana nwoboro nokasaHma obveKta KannmbpoBkm X B

YyCTaHOBNEHHOM Anana3oHe Xin - Xmax-

B ctatbe [8] n. 2.2 onucaH NoAxo4 K OLEHKe HeonpeaeneHHOCTU OT HEeNMHEMHOCTUM Ha OCHOBE MNpeaesibHOro
OTKNOHEHMA OT (PYHKUMKM npeobpa3oBaHMA B NpennosoKEHMU PaABHOMEPHOro pacnpegeneHua. 3TOT Noaxon,
MOXXHO onuncatb Gopmyaon

max|Aj| 2

/ 1 j <
U =k‘ 7'Z§=1uc]‘2+ % ’ (8)

roe max|Aj| — AB/IIETCA rPaHMLLEN Npeaena NOrpeLwHoOCTU OT HEIMHEMHOCTMU.

OAHaKoO 3TO MPUMEHMMO, KOrda 3aBUCUMMOCTb A= f(Xj) NEeNCTBUTENbHO ABNAETCA HeAMHeWHoW u/uam A Hocut
CUCTEMATUYECKMM XapaKTep. Kpome Toro, He y4nTbIBAaETCA ANCNEePCMA BEIMYNH U, U A NO gMana3oHy N3MepeHUn.

PCT
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YueT HeonpeaeneHHOCTU OT HEJIMHEMHOCTH

B npumepe F.2.4.5 TOCT 34100.3 npuBeaeH cnocob, Koraa pes3ynbtaT U3MEPEHUM MNO/y4aloT MyTeEM KOPPEKTUPOBKMU
NOKa3aHUA U3MepuTenbHOro npubopa Ha BENNMUYMHY CPpeaHero 3Ha4eHUA NOMPaABOK, MNONYYEHHbIX NMPU KaMbpoBKe, a B
HeonpeaeneHHOCTb A006aBNAKT AUCNEPCUd 3TOM CcpeaHen nonpaBkU. B npeanonorKeHmn paBHOMEPHOrO 3aKoHa
pacnpegeneHna BennunHol A MHTerpanbHyto Gopmy 3anuceir Nerko npuMBeCcTU K AUCKPETHOM U BbIMMCAUTL cpegHee
3Ha4YeHMe NONpPaBKM, ee ANCNEPCUIO N CpeaHee 3HAYEeHNE CYMMApPHOM CTaHAAPTHOM HeonpeaeneHHOCTU No dopmynam:

=T, (9)
up? = ]_Ll (8- B, (10)
Z] 1uC] : (11)

OfQHaKo ecnu BCe e BHeCeHWe NonpaBKKu (NycTb Aake eAUMHOW ONA BCEro AMana3oHa) He ABAAeTcA uenecoobpasHbim,
npeanaraerca npuberHyTb K «rpyboit annpoKkcnMmaLuunum» 1 Bocnosb3osBaTtbes popmynamm (9) nnm (11). Torpa

U'=k-u’ +up2+A2 npuk =2u Afu < 4/3, (12)

U' = k-2 +us? + |A] npuk = 2u Afu_> 4/3. (13)
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OueHka HeonpepeneHHOCTU B AUanasoHe KaIMbpoBKM

Bonee noapobHO MOXKHO onucaTb HeonpeaeneHHOCTb OT HeJIMHEMHOCTU Ha OCHOBE PEerpeccMoOHHOro aHan3a
HabatogaemMbIX cMeWeHnin No AnanasoHy NokasaHuM usmeputenbHoro npubopa. B nepsom npmbamxkeHuu
ANA  annpoKCMMaUMM  TOYHOCTHbIX XapaKTePUCTMK Ha [AManasoH W3MEPeHM HeobxoAMMO OLEHUTb

3dBUCMMOCTb BEJINYNHDI Aj OT TOYKM Amana3oHa. B npegnonoxeHuu JIMHEMHOW  3aBUCUMOCTHU

A(X) = Ag + a - X, BbluncaatoT KoadduumeHTsl perpeccun MHK, a xapakTepuCTUKM TOYHOCTU annpoKCuMaLLmm
BbIYMCAAOT N0 GOpPMynam:

A - |L.yJ RN A x-X)*
S (A(X)) - J=2 ijl(A] A]) J + Z§=1(Xj_)‘()2 ! (14)

Torpa, B NpeanonoXeHUN PaBHOMEPHOTO pacnpeaesieHnsa Be/IMYMHbI CBA3AHHOW C YIN0BbIM KO3PPULMNEHTOM
perpeccum, CTaHOBUTCA BO3MOKHbIM BbIYMCAUTb CTAHAAPTHYKO HEONpeaeNneHHOCTb AN HavanbHOW (X,,i,) W
KOHEeYHOM (X,,,4,) TOYEK AManasoHa no ¢opmyne

~ I\ 2
|a]-Xmin+|A A
G I (e a)

-~ 2
|A|'Xmax+ A N\
(a 2+/3 | 0|) + 52 (A(Xmax))

(15)

u?(Xzp) = max

9
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'padpuueckoe npepcraBneHume

0,150
I — 2 2
X € (Xmin ---Xmax): U =k- \/uC tu (XR) (16)
0,100 | _
0,050 Bt T T DS e S
T
____________ > ---@- ®
0,000 T T ) G
______________ o ----____
-0,050 1 S
-0,100 o
-0,150
-0,200 ® PesynbTatbl Kanmbposkn - - -[loseputenbHan nofoca --- flporHos & BepxHaA Touka & HWKHAA TOUkKa

-0,250
0 1000 1500Aj 2000 2500 max=3000 3500
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KoMbuHuposaHHasa ¢opMa npeacTaBneHns HeonpeaeneHHOCTH

Mpn 3HauMmocTu yriosoro KoadduumeHTta perpeccun A(X) = Ay + a - X, aAeKBaTHOM OLEHKOM pacllMpeHHOM

HeonpeaeneHHocTn byaet

U =k- \/acz + 52 (A(XR)) + (j—%)z +1al - X, (17)

YTO COOTBETCTBYET KOMOMHUPOBAHMIO NOCTOAHHON M OTHOCUTE/IbHOW YacTen HeonpeaeneHHoCTn (Hanpumep,
3anucb Buaa U(X) = +(0.1 4+ 0.01 - X)).

B cnyuasnx, Koraa coctaBnAtolmre uc;, TaK Ke 3aBUCAT OT TOUKMN AManasoHa N3MepeHnn uenecoobpasHo Mx TaK
e nomewaTtb B OTHOCUTE/IbHYIO YaCTb PaclUMPEHHOW HeonpeaeneHHocTu. na 3Toro CTpoAT 3aBMCMMOCTb
U'(X)=U, + a-X, HaxopaT Ko3dpdULMEHTbI NMHENHOTO YPaBHEHUA U ero A0BepUTesIbHbIA MHTEepPBan no
aHanormMm c onmcaHHbim Bbiwe ana A=f(X). Torga MMHMMaNbHOE U MAaKCMMabHOE 3HAYEHUA PaACLUMPEHHOM
HeonpeaeneHHOCTU MOXKHO BblUMCANTL NO GOpPMYyIam:

Umin = max [O, |€l . Xml'nl + ﬁO + tp,]—Z - S (ﬁ(Xmln))]r (18)
Unax = 18 - Xmax| + ﬁo + -2 S (ﬁ(Xmax))- (19)

PCT
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'padpuueckoe npepcraBneHume

0,070
R = Umax_U‘min, (20)
0,060 Xmax—Xmin
~
U'(X)=+R - X. (21) =T
0,050 _ e
T
0,040 /’///, ~ et
POt
//’/' S
0,030 //’,»/’,,:’,'/
/’/,';/’: -
ST T ! -
0,020 o U'(X)=4+(23-10"°-X)
0,010 ’
@ Pe3ynbTaTbl KAIMOPOBKMU - - - [loBeputenbHaa nosoca
0,000
----TlporHos ¢ BepxHAA TOYKa

¢ HuXHAa Touka

1000 1500 2000 2500(X 177 g5 3000 3500
Aj
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'padpuueckoe npepcraBneHume

0,180
0.170 Unin = Up + tp,j—2 - MAxX (S (U(Xmin)) ;S (U(Xmax))) (22) ,,”,
_ .-

U'(X) = @ Xmin + Unin (23) =" W 20

0,160 =T —
//,”’ "/,/ --7 i
0,150 /f’/’,;/ //,,
///”,”’/"”
0,140 ///’fj::,,gj/"
— _- ’,:::f:,z’
1,130 P e W
— e / —
P Sot U'X)=4+(01+22-10"°-X)
0,120 T8t
o mT e
0,110 ’,”i”’, ’,//’
0100 © - ,,/':, . ® Pe3ynbraTbl KAAMOPOBKMU - - -[loBeputenbHaA Nosoca
' LTt - -- MporHo3 @ BepxHAA TOUKa
0090 L ¢ HWKHAA TOYKa —O—T[1poruos-HeQnpeaeneHHoOCTH
0 @ 1000 1500 2000 2500 Xmax%OOO 3500

Aj
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[MpnMepbl

PaccmoTpum npumep KannmbpoBKM aHanM3aTopa NOPMUCTOCTM U MNPOHULLAEMOCTM B AMana3oHax U3MEPEHWUN OTKPbITOU
nopucroctn (0-55) % n KoadPpuumeHTa abcontoTHOM rasonpoHuuaemoctn (0,5-2000) m/[. KannbpoBka nposBeaeHa c
MOMOLLLbIO CTAaHAAPTHbIX 06pPa3LLOB NO MOAENN, NPEACTAaB/IEHHOM YpaBHeHMeEM (2).

 Ne ol Pesynorateikambposku,mA(103mkm?d
0,69652 1,4252 95,956 146,006 1215,8 1990,8

0,683 1,498 98,1 149,7 1224 2006
A 0,013 -0,07 2,2 3,6 8,2 15

0,019 0,049 0,022 0,024 0,007 0,008
0,0005 0,0070 0,51 0,75 7,1 26

0,010 0,022 1,5 2,2 18 30

0,010 0,024 1,6 2,4 20 40

0,015 0,016 0,016 0,016 0,016 0,020

0,021 0,047 3,1 4,7 39 79

BeBuAy TOro 4to BeAMUYMHbI Aj U UCj NPAMO NPONOPLUMOHANBbHO 3aBUCAT OT Aj, OLEHKY pPaclUMPEHHOMN HeoNpeaeneHHOCTH B
YKa3aHHOM Bbille AMana3oHe NpoBOAWAM B OTHOCUTENbHOM K Aj Buae. [onyyeHHble 3HA4YeHWA OTHOCUTENbHOWM
pacwmnpeHHon HeonpepeneHHoctn (k=2, p=0,95) nusmepeHuin KoapoduumeHta abcontoTHoM rasonpoHuuaemoctn (0,5-
2000) mA: dopmyna (12) 6,4 %; dopmyna (8) 6,5 %

dopmyna (13) 7,1 %; dopmynbi(16, 21) 5,8 %
14
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[MpnMepbl

Pe3ynbTaTbl KAAMOPOBKM OTKPbLITOM NOPUCTOCTU

. Ne o Pesywramikambposwu%
0,026 5,475 10,057 20,435 30,415 50,736

0,00 5,35 10,15 20,44 30,42 50,70
s 0,03 0,12 -0,09 -0,01 -0,01 0,04

0,01 0,01 0,01 0,02 0,02 0,04

0,000 0,025 0,025 0,025 0,025 0,025

0,014 0,026 0,029 0,030 0,032 0,044

0,028 0,051 0,058 0,060 0,064 0,087

Mony4yeHHble 3HA4YeHUA OTHOCUTENbHOW pacwnpeHHon HeonpeaeneHHoctn (k=2, p=0,95) B Anana3oHe M3MepeHui

OTKpbITOM nopuctocTtn (0-55) %
dopmyna (12) 0,16 %; dopmyna (8) 0,16 %
dopmyna (13) 0,17 %; dopmynbl (16, 21) 0,18 %

dopmyna (23) (0,05 + 0,001:X) %

15
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