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Paspa6oTaHa MeToauKa KanvbpoBKU Afis onpegeneHvsi GakTUHeCckon MOrpelHoOCTU 3/1IeKTPOHHbIX
YPOBHeN. YCTAHOB/IEHO, YTO 3/1IeKTPOHHble YPOBHU Mopgenu M-050-03 MoryT 6biTb MCMOJIb30BaHbI

B JIOKQJIbHOM CXeMe KakK 3TaJIoHbl 1-ro paspsapa.

A calibration technique has been developed to determine the actual error of electronic
levels. It is determined that the M-050-03 electronic level can be used in the local scheme as

standard of the 1st category.

H>KeHepHO-MeTPOJIOTHYecKU 1eHTp "MHKPO"
BBIIIYCKAaeT 3JeKTPOHHHIH YPOBeHb MOJeNH
M-050-03, KOTOPBIF COOTBETCTBYET yPOBHSIM 2-TO
paspsaza cornacHo 'TocyqapCTBeHHON IIOBEPOYHOM
cxeMe 1715l CpeJICTB U3MepeHH OTK/IOHEeHUH OT IIPSIMO-
JTMHEHHOCTH U IUVIOCKOCTHOCTH' . DTUM YPOBHEM HeJIb3sI
[IOBEPSITh IUIHUTHI [IOBEPOUHBIE TPAHUTHBIE KIACCOB 0
u 00, a TakKe TMHEHKH C IIMPOKOH pabouel rmoBep-
XHOCTBIO M3 TBepJOKaMeHHBIX IIOPOJ KJIacCa TOUHO-
cTH 0, y KOTOPBIX JOMYCK IIOCKOCTHOCTH He ITPeBbIIIaeT
2,5 MKM, TakK KaK ero MUHHMaJbHasl IIOrPeIlHOCTh
COCTaB/IsIeT 2 MKM/M. ITa XapaKTepHUCTHKA yPOBHS IIOA-
TBEP>KIAeTCsI IIPH ero eXKeTOHOM II0BepKe.
dakTHUecKas IOIPEeIIHOCTh YPOBHS MOXKeT ObITh
oIpefiesieHa ITpU ero Kaaubposke. Bce BeyIire MUPO-
Bble IIPOM3BOAMTE/IN CPeJICTB /IJIsl TMHEHHO-YITIOBBIX
H3MepeHHH II0CTABIISIOT CBOU ITPUOOPHI C KaTHOPOBOY-
HBIM CePTHOUKATOM, B KOTOPOM YKa3aHa UX pakTHYe-
CKas IIOTrPeLIHOCTh M PACCUUTAHA Heollpele/IeHHOCTh
K3MepeHU 1P UCIIO0/Ib30BAHHUH.

B 2014 romy 6b11 ipuHST TOCT P 8.879-2014. "MeTonrKa
KaaubpOBKU CPeACTB M3MepeHHH', KOTOPBIH BBe-
IleH B JeHCTBHe C 9 siHBaps 2015 rozma, a B 2017 rony
BHHHMC pa3paboTtan MeTonH4ecKHe YKa3aHUSI I10 BHe-
nperuto FOCT P 8.879-2014. "TCH. MeTOOUKHU KaJlH-
OpOBKU CpelICTB U3MepeHU. OCHOBHbIe TpeboBaHUS

K COIeP>KaHHUIO U U3JI0KEeHHIO", [I09TOMY KaTHOpOBKa
U oIlpejle/leHHe Ipefiesa abCcoNMIOTHOM IIOrPeIIHOCTH
YPOBHS C pacueTOM HeoIlpeeleHHOCTH U3MepeHUs
cTasa eme 60/1ee aKTyaIbHOK.

PaszpaboTaHHasi MeTOAHUKA KaJHUOPOBKU pacIpo-
CTPaHsEeTCS Ha YPOBHHU 3/IeKTPOHHBIe M-050 Mogudu-
Kanuu M-050-01/02/03 (manee - "ypoBHU') U yCTAaHABIIH-
BaeT IOPSJOK ITPOBeleHH s KaTUOPOBKHU C Lie/IbI0 IO
TBEPKAEHUS UX COOTBETCTBHS paboueMy 3TayIOHY 1-TO
paspsifa cormacHo FOCT 8.420-2002. "TocymapcTBeHHAs
[I0OBePOYHasI CXeMa JJ151 CPe/ICTB H3MePeHHH OTKJIOHe-
HUH OT ITPSIMOTTMHEHHOCTH U IIJIOCKOCTHOCTH .

Bce moAroToBUTENbHBIE ONlepallUu U TpeboBa-
HUS K Cpe[ICTBaM KaJTHUOPOBKHU H3JIOKEHBl B MeTO-
OHKe KanubpoBKH. OCHOBHBIMH II0KA3aTeIsIMU IIPU
KanubpoBKke, Ha OCHOBAHUU KOTOPBIX MOXHO CIe-
JIaTh BBIBOJ, O BO3MOXXHOCTHU IIPUMEHEHUS YPOBHA
JlJIS TIOBePKH IJIMT U THHeeK Kjacca 0 u 00, To eCcTh
ero MpH3HaHUS COOTBETCTBYIOLIMM 3Ta/JIOHY 1-ToO pas3-
psina, SIBJISIIOTCS Ipefes abCoMI0THOM MOrpelIHOCTH
8 mpu npssMoM U 06paTHOM XOfie, a TAKKe 3HaUeHHe
HeoIpeJle/IeHHOCTH.

Jduarmna3oH u3MepeHHus ypoBHSI M-050 cocTaBiseT
+1500 MKM/M. ObecrieduTh abCONMIOTHYIO ITOrpemI-
HOCTB 1,5 MKM/M Ha BCeM JHalla30He HU3MepeHHH,
KaK 3Toro Tpebyer roBepovYHas cxemMa, HEBO3MOXKHO,

CaHKT-MeTepbyprckmii NONNTEXHNYECKNI YHMBepCUTeT MeTpa Bennkoro / Peter the Great St.Petersburg Polytechnic University.

2 UML, "Mukpo" / Mikro engineering and metrology center.
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CONTROL AND MEASUREMENT

IIO3TOMY MBI OFPAaHHUYUMCSI JHUAMA30HOM
+100 MKM/M, KOTOPOTO BIIOJIHE JOCTATOYHO, YTOOBI
obecrieqrTh N3MepeHHe OTKIOHEHUH OT IIJIOCKOCTHO-
CTH YKa3aHHBIX [IJIUT U INHEeK.

OMNPEAE/NEHUE NPEARENA ABCONIOTHOM

MOrPEWHOCTU YPOBHA NPU NPAMOM U OBPATHOM

XOAE

[Ipy mpoBefieHUH KaTUOPOBKHU HCIIOIb3yeM 3K3aMe-

HaTop 1-To pa3psiia, KOTOPBIH BBICTABJISIEM B Cpef-

Hee I0JIO)KeHUE B COOTBETCTBUHU C 3KCIIIyaTal|HOH-

HOM JOKyMeHTallhel Ha Hero. KanubpyeMsiit ypo-

BeHb YCTaHaB/IMBaeM Ha CTOJIe 5K3aMeHaTopa B IIpo-

IOJIBHOM HaIlpaBJIeHHUH [I0 IIPOJI0JIBHOIO U II0IIepey-

HOTro yropoB. C [IOMOIIBIO yPOBHS BBICTABIISIEM CTOJI

3K3aMeHAaTOpa B TOPU30HT U 0OHY/IsIeM IMOKa3aHHUS

YPOBHS U 5K3aMeHaTopa. Jlajiee BBIIIOIHSIEM ClIeyIo-

IIye MarH:;

¢ II0OBOPAYMBaeM CTOJ 3K3aMeHaTopa Ha 5 MKM/M
OT HYJIEBOTO IT0JIO’KEHH S B II0JIOKUTEIBHOM HaIIpPaB-
JIeHUH U CHUMaeM II0Ka3aHHS C 3JeKTPOHHOIO
61oxa BUH 21 ypoBHS;

* [0 IOKa3aHMUU 3K3aMeHaTopa 20 MKM/M CHHUMaeM
[I0KAa3aHUS C JMeKTPOHHOro 610Ka Yepe3 Kakzble
5 MKM/M;

e mTanee - OO IIOKa3aHUMN 3K3aMeHaTopa
60 MKM/M - 4epe3 Kaskable 10 MKM/M;

e Janee - OO0 IOKa3aHHUH 3K3aMeHaTopa
100 MKM/M - dyepe3 Kaxkable 20 MKM/M;

SnekmpoHHble yposHU modeau M-050-03
M-050-03 electronic levels

+ IepexogHUM Ioka3zaHHe 100 MKM/M ONpUbIU3U-
TeJbHO Ha 20 MKM/M M BO3BpalllaeMcCsl K OTMeTKe
100 MKM/M C APYTOK CTOPOHBI, IIOC/IE Yero CHUMAaeM
IoKa3aHUs Ha 61oke BUH 2U. [lasee IpoXoguM
IO HYJIs C 0OPaTHOM CTOPOHBI B TeX 5Ke TOYKaX JHa-
[1a3o0Ha, YTO U IIPU IIPSIMOM XOJe;

* IIOBTOpseM BEBIIIeH3JIOKeHHOe B OTPHLIATe/IbHOM
IuarasoHe g0 -100 MKM/M.

[IorpeImHOCTbIO YPOBHSA B KOHTPOJbHBIX TOY-

Kax JHala3oHa SBASeTCs Pa3HOCTb IIOKa3aHUM

he Mikro engineering and
metrology center produces
the M-050-03 electronic level,
which corresponds to the levels
of the 2nd category according to
the "State verification scheme for
measuring devices for deviations
from straightness and flatness".
This level can not be verified with
granite testing plates of grades
0 and 00, as well as rulers with a
wide working surface of hard rock
of accuracy class 0 for which the
flatness tolerance does not exceed
2.5 pm, since its minimum error
is 2 pm/m. This characteristic of
the level is confirmed by its annual
verification.
The actual level error can be
determined by calibrating it. All
the world's leading manufacturers

of linear angle measuring instru-
ments supply their instruments
with a calibration certificate, indi-
cating their actual error and calcu-
lating the uncertainty of measure-
ments during use.

In 2014, GOST R 8.879-2014
"Calibration techniques of
measuring instruments” was
adopted, which was enacted from
09.01.2015, and in 2017, VNIIMS
developed guidelines for the imple-
mentation of GOST R 8.879-2014
"State system for ensuring the
uniformity of measurements.
Calibration techniques of measur-
ing instruments. General require-
ments to the contents and state-
ment", so the calibration and
determination of the absolute error
of the level with the calculation

of the measurement uncertainty
became even more urgent.

The developed calibration pro-
cedure extends to the M-050 elec-
tronic levels of the modifica-
tions M-050-01/02/03 (hereinafter
referred to as "levels") and estab-
lishes the procedure for calibrat-
ing in order to confirm their com-
pliance with the working standard
of the 1st category in accordance
with GOST 8.420-2002 "State verifi-
cation schedule for means of mea-
suring straightness and flatness
deviation".

All preparatory operations and
requirements for calibration tools
are described in the calibration
procedure. The main indicators
in the calibration, on the basis
of which it can be concluded that
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KOHTPOJIb U UBMEPEHMUA

YPOBHS M 3K3aMeHaTopa. OnpejesieHue IIOrpeIlHo-
CTH yPOBHS B KOHTPOJIPHBIX TOYKAX AHAIIA30HA IIPH
IIPSIMOM U1 06paTHOM XOJie BBIIIONIHSIEM IISTh pa3 IIpU
YCJIOBUH ITOBTOPSIEMOCTH U PAaCCUYUTEIBAEM CpefHee
3HadeHHe. 3a mpeje abCONIOTHOM ITOIPEIIHOCTH §
NpUHHUMaeM anrebpanvecKkyo pa3HOCTbh HaHU6OIb-
IIero ¥ HauMeHbIIero CpeJHUX 3Ha4eHU ! oI pell-
HOCTEH B KOHTPOJIbHBIX TOUKAX.

[Ipesen abCcOMIOTHOM MOTPEIIHOCTH § He [OJIKeH
IpeBbIIIATh 1,5 MKM/M.

Pe3y/IbTaThl IPOBeIeHHOM KaJIMOPOBKH:
* abCoMI0THAS IOTPEIIHOCTD YPOoBHS A ~8=0,63 MKM/M;
* abCcomIoTHAsI IOrPEIIHOCTD YPOBHS B -8=0,97 MKM/M.

OLIEHKA HEONPEAENIEHHOCTEN

CyMMapHYI0 CTaHJaPTHYIO HeoIlpeJeleHHOCTh H3Me-
peHHUs abCONIOTHOM MOrPENIHOCTH yPOBHS BBIUH-
ciseM o popmyie:
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- CTaHAApPTHAsI HeOIpefeleHHOCTH
(Tuma B) oT JUCKPETHOCTH ypOBHSI,
MKM/M;

- CTaHAapTHas HeoIlpeeleHHOCTH
(Tuma B) OT ZUCKPeTHOCTH 3K3aMeHa-
TOpa, MKM/M;

U, = % % - CTaHAAPTHas Heollpee/IeHHOCTh (TUIla B)
mpejena AOMycKaeMoH abCcONIOTHOM
[IOIPEIIHOCTH 3K3aMEeHATOPa, MKM/M.

PacmupeHHY0 HeoIlpeleleHHOCTh abcono0T-

HOI [TIOIPeIIHOCTH YPOBHS BRIYHC/ISIeM /IS KasKI0H

KOHTPOJIBHOM TOUKH €ro KaJTUOPOBOYHOM XapaKTepH-

CTHKH 110 popmyse U= u, - k c BeposiTHOCTBIO 0,95.

IIpu X[@X= 0,46 pacmupeHHas HeollpeneJleHHOCTh
ypoBHSA A X;,= 0,43.
IIpu X,,., = 0,43 paciupeHHas HeOpe/le/IeHHOCTh

ypoBHA B X ;,,= 0,44,

BblBO/Abl
KanubpoBKka ypoBHS II0 pa3paboTaHHOM MeTOAHKeE
I103BOJISIET OIIPefie/IUTh PaKTHYeCKOe 3HaYeHHe 0T pell-
HOCTH 3JIeKTPOHHBIX YPOBHELl B OTJIMYHe OT II0BEPKH,
KOTOpas IIOATBePKAAeT TeXHUYeCKHe XapaKTePUCTHKH.
Pe3ynpTaThl KaJIUOPOBKU MOKa3aaH, YTO JaHHbBIE
371eKTPOHHBIE YPOBHHU Mojenu M-050-03 MoryT 6bITh
KCII0/Ib30BAHBI B JIOKAJIPHOM CXeMe KaK 3TaJIOHBI 1-To
paspsaza. |

the level can be used to verify the
plates and rulers of classes 0 and
00, that is, to recognize it as the
appropriate standard of the 1st
category, is the limit of the abso-
lute error § for forward and reverse
traces, as well as the value of
uncertainty.

The measuring range of the
M-050 level is +1500 pm/m. It is
not possible to provide an absolute
error of 1.5 pm/m over the entire
measurement range, as required
by the calibration scheme, so we
confine ourselves to a range of
+100 pm/m, which is sufficient to
provide a measurement of the flat-
ness deviations of the mentioned
plates and rulers.

DETERMINATION OF ABSOLUTE
ERROR LIMIT OF LEVEL FOR
FORWARD AND REVERSE TRACES
During the calibration we use
the examiner of the 1st category,
which is set to the middle posi-
tion in accordance with the oper-
ational documentation for it.
The calibrated level is set on the
examiner's table in the longitu-
dinal direction to the longitudi-
nal and transverse stops. With
the help of the level, we set the
examiner's table in the horizon
and reset the level and examin-
er's readings. Then we perform
the following steps:
« turn the examiner's table
5 pm/m from the zero position
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in the positive direction and
take the reading from the
electronic unit BUH 2H of the
level;

before the testimony of
20 pm/m, take the reading
from the electronic unit every
5 pm/m;

further - up to the testimony of
60 pm/m - every 10 pm/m;
further - up to the testimony of
100 pm/m - every 20 pm/m;

we pass the reading of 100 pm/m
on approximately 20 pm/m and
return to the mark of 100 pm/m
on the other side, after which
we take the reading on the BUH
24 unit. Then we pass to zero
from the reverse side in the



KOHTPOJIb U USMEPEHUSA

same points of the range as in

the forward trace;

« repeat the above in the negative
range to -100 pm/m.

The level error in the control
points of the range is the differ-
ence between the readings of level
and examiner. The determina-
tion of the level error at the ref-
erence points of the range in for-
ward and reverse traces is per-
formed five times with the condi-
tion of repeatability, after which
the average value should be calcu-
lated. As the limit of the absolute
error §, we take the algebraic dif-
ference between the largest and
smallest mean errors at control
points.

The limit of absolute error §
should not exceed 1.5 pm/m.

Results of the calibration:

« absolute error of the level A-§ =

0.63 pm/m;

« absolute error of the level B- & =

0.97 pm/m.

ESTIMATION OF UNCERTAINTIES

The total standard uncertainty of
measurement of the absolute error of
the level is calculated by the formula:

2

cal
’
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u =\/ua(Xi) +Up, +Uug, +u

C

where: u, (Z)Zis standard uncer-
tainty (type A) of the mean absolute
error, pm/m,

i q-1
S 1 & . . .
X, =n—ZXiq is arithmetic mean of
9% the results of measure-
ments of the i-th input value;

1R is standard uncertainty

Uge 72
(type B) from level dis-
creteness, pm/m;
Ug, = = % is standard uncertainty
V3 (type B) from examiner
discreteness, pm/m;

1 Ral .
U =— is standard uncer-
3 tainty (type B) of the
limit of the admitted absolute error
of the examiner, pm/m.

The expanded uncertainty of the
absolute error of the level is calcu-
lated for each control point of its cal-
ibration characteristic by the for-
mula U = uc - k with a probability of
0.95.

For X,., = 0.46, the extended
uncertainty of thelevel AX ;= 0.43.

For X ., = 0.43, the extended
uncertainty of the level BX,;, = 0.44.

CONCLUSION

Level calibration by the developed
technique allows to determine the
actual value of the error of elec-
tronic levels, in contrast to verifica-
tion, which confirms the technical
characteristics.

The calibration results showed
that these M-050-03 electronic lev-
els can be used in the local scheme
as standards of the Ist category. MW

CUIbHO PACXOAALLEECS NASEPHOE U3NNYYEHUE MOXET

CAMO®OKYCUPOBATbLCA B BOAE

B pamax rpanTa pesnaeHTCkoi MporpaMMbl MCCIAOBATENLCKUX MPOEKTOB,
pean3yeMoi POCCUIACKVM HaydHbIM doHEOM (PHOD), yueHble dw3uueckoro
(axynsrera MIY nog, pykoBoacTeom Gegopa MoTeMKyHA UCCEAYIOT HOBbIE MO-
XOAb! K UCM0/1b30BAHMIO /1a3EPHOT0 U311y4eHUS B MEAWLIMHCKUX U HAY4HbIX LIENSX.
Jla3epHoe 13Ny4eHe MOXET OKabiBaTb CWIOBOE BOLE/CTBUE HA KPUCTbI,
MoAYMPOBOBHIKY, KOMBUHMPOBAHHbIE CPeAbl, a Taloke Ha bronoruyeckme obw-
€KTbl, HaNpYIMep, Ha YENOBEHECKIIA a3,

B cBoe/ paboTe yueHble pewnnn WCCIeRoBaTb (GeHOMeH (unameHTa-
LM — CaMo(OKyCMPOBKM CULHO PACXOASILLIErOCA 1a3ePHON0 NMyyka B BOAE, Kak
B MPOTOTUNE CTEK/IOBIAHOTO TeNla Masa. O6bIMHO dunameHTaums Habniogaetcs
npy BObLLINX 3HEPTVSX UMMY/LCOB (MIOPSAKA MUAMIKOYNEN) B Clabodokycu-
POBAHHBIX My4Kax. MOTEMKINH C KOA/IEramy 3af/ICA LIENIbIO U3yHHTb BO3MOXHOCTD
(unameHTauun B OCTPOCHOKYCMPOBAHHDIX /1a3ePHLIX My4Kax MpW 3HEprisix
B MUKPODKOYM.

B 3KCMepuMeHTe y4eHble CBETWMN CHOKYCMPOBAHHBIM /1a3ePHBIM My4KOM
B MPO3PaYHbLIA MAOCKWIA COCYA C AUCTUANMPOBAHHOM BORON. Mepemeluas cocys,
OHM 33CTaBASLIN N1a3ePHbINA NIy4 (OKYCMPOBATLCS /60 B 0,5 MM HaZ MOBEPXHO-
CTbt0 BObI, /160 B ee ToALLe, B 0,5 MM OT NOBEPXHOCTX. [pi NOMOLLY CMIeKTpasib-
HOW annaparypbl B 060MX CTyHasX M3y4NCst MPOLIECC dunameHTaLnm 1asepHoro
My4Ka NPy ero pacnpocTpaHeHiit B Boge. O HaM4MK GuaMEeHTaLMK MOXHO
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6110 CyaNTb MO YLLIMPEHNIO YACTOTHOrO CNEKTPa MPOLLEALLIErO Yepe3 COCYA M3y~
YeHwst. IKCMEPUMEHT NOKa3as, YTo YPaBASTL GUiaMEHTALMEN MOXHO, U3MeHSS
PACCTOSHMe T TO4KY (OKyCa 0 MOBEPXHOCTY BOAbI.

B aKkcnepuMeHTa/IbHOM paboTe MPUHMMAKW y4acThe CTyAeHTbI MIY, a ¢ Teo-
PETMYECKVM OMMUCAHWEM 3apervuCTpUpOBAHHOTO SBNEHMS MOMOTIN KOJIeri
113 OpaHLN.

B 6yayliem MOXHO OXvpaTb WUCMOAb30BaHME MOMYHeHHOro 3ddexta npu
CO3aHMN KOMMEPHECKIX Na3epoB YILTPAKOPOTKOM AMTENbHOCTI, MepecTpau-
BAeMbIX M0 ZIMHE BO/HbI OT BUAMMOTO A0 CpeaHero MK-auanasoHa. Ynpasnenme
(unameHTaLmel NasepHoro M3y4YeHNs MOXET HaWTH MpvMeHeHWe B abopa-
TOPHOM CMEKTPOCKONMM, KOrAa Y4eHbIM TpebyeTcs WUCCAefoBarb KonebaTenb-
HbIl CMIEKTP Pa3YHbIX MATEPUAIOB, B TOM Yncie 6enkos. MoacTpanBasch nog
PE30HAHCHbIE YaCTOThl TaKMX MOMEKYA, OHM MOMYT UCC/IEA0BATh WX CBOMCTBA BO
BPEMEH C PeMTOCEKYHAHOM AIUTENLHOCTBIO U C MAKPOHHLIM MPOCTPAHCTBEH-
HbIM paspelueHnem. HakoHel, NOKa/M30BaHHOE BO3LEICTBME HA OMpedeNeH-
HOM PaCCTOSHUM OT FpaHuLbl Cpeabl C BOMOXHOCTbIO M0A60PA ONTAMANbHDIX
MapameTpoB M3y4eHMs 1 ANArHOCTMKOW B PEXUME PeanibHOro BpeMeHu HagaeT
MpUMeHeHre B OQTAILMOAOrMN, AR KOTOPON M3HAYaILHO W NPOBOAWANCH 3T
WCCNIENOBAHMS.

MY umeru M.B./lomoHocoea





