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or 1 go 100 MIla. Tak mis moBepKku HPUOOPOB
UIIM-1 6bu1 m3roToBieH HaOOp 0Opa3IOB, BKIO-
YaloIUil: MOJIUYypeTaH C DKBUBAJICHTHON HPOYHO-
cTbI0 f 5 0T 0,5 1m0 2 MIla, cTexsno opraHudeckoe
TOCII (feoxs 0T 25 no 35 MIla) u amOMHHUEBBIH
crmmaB 16T (£, oT 95 mo 115 MIIa). 3a cuer oT-
Ka3a OT aTTeCTallud SKBUBAJICHTHBIX MEP HCKIIOYa-
eTcd HEeoOXOIMMOCTh CO3MaHHS AITAJIOHHOTO CKIIe-
pomerpa: Juisi yCTaHOBJEHUS 0a30BOil TrpamxyHpo-
BOYHOM 3aBHCHMOCTH MOXKHO HCIIOJIb30BaTh Ce-
puiiHO BbITycKaeMmble Moaupukaumu MIIM-1A u
UIIM-1b. B coBOKymHOCTH 3TO MO3BOJSET 3HAYM-
TEJILHO YMEHBIINTh OOBEM IOJATOTOBUTEIBHBIX
paboT, HEOOXOAUMBIX JJIs IOBEPKH CKIIEPOMETPOB.
ITpennoxeHHas: METOANKA TTOBEPKH ObliIa COTJa-
COBaHa co crienuanucramu bemopycckoro rocynap-
CTBEHHOTO HMHCTHTYTa METpPOJIOTHH, YTBEP)KACHA H
HCTION30BANAch INpH NpoBeAeHHH [ ocymapcTBeH-
HBIX KOHTPOJBHBIX UCTIBITAaHUN pruoopoB UIIM-1.
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IBOJIONUA POPMAJIM30BAHHOI'O ONTMCAHUSA ITPOLEAYP W3MEPEHMU, CPEJICTB
(IIPUBOPOB) UBMEPEHNU N X METPOJIOI'HYECKHNX XAPAKTEPUCTHK
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OcHoBoOIf (hopMaITM30BaHHOTO OTIHCaHUS
HU3MEPUTENBHBIX MPOLEAYp (AITOPUTMOB, METO/OB),
MOTPENIHOCTEH PEe3yIbTaTOB HM3MEPCHHS SBISCTCS
ypaBHEHHE H3MepeHH1719. Haubonee obmas ¢opma
YpaBHCHHH 3a/1a€TCs CICIYIOIIUM COOTHOIICHUEM:

I=L[y1)], (1)

rae A" — pesyabTar u3MepeHus (HUIMUECKON
BeTMUMHBL 4; y(f) — U3MEpUTENbHBIH curHa (cur-

HaJI, CONEpKAIINii KOJNYECTBCHHYIO WH(POPMAIHIO
00 mmepseMoit ¢puzndeckoil BenuuuHe); L — 0000-
MIEHHBIN oTepaTop, MPEACTABJIIOMNNA coO00H Toce-
JIOBATENIEHOCTh HM3MEPUTENBHBIX IpeoOpa3oBaHuii,
BBINOJIHAEMBIX IPU U3MEPEHUHU (aNTOPUTM H3Mepe-
HUS).

VYpaBHeHue uzMeperuit (1), B oTaM4YHe OT MHBIX
¢dbopM ypaBHEHHH H3MEPEHUil, NAacT BO3MOXKHOCThH
yCTaHaBJIUBATh B3aUMOCBSI3b XapaKTepUCTHUK
pe3yabTaTOB M3MEPEHHH C COCTaBOM alroOpUTMa
U3MEepeHuil (M3MEpUTENHHON I[enu) W XapaKTepH-

? YpaBHeHHe H3MepeHHUIi — YPaBHEHHE, OTPAKAIOLICE
CBSI3b MKy BEJIMYMHAMH B KOHKPETHOW M3MEPHTEIBHOM
3aj1a4e, 0OYCIIOBJICHHYIO 3aKOHAMHU NPUPOJBI, B KOTOPOM
noq OYKBEeHHBIMH CHMBOJAMH [OHHMAIOT (DU3HYECKHE
BesmauHb! (PMI 29 — 99).

176

CTHKaMH BXOJSIIMX B HErO M3MEPUTEIIbHBIX MPe00-
pa3oBaHUi (PJIEMEHTOB W3MEPUTEILHON  IIeMn).
Jpyrumu cioBamu, Onarojapsi ypaBHEHHIO H3Mepe-
Huil (1) mosBHIaCh BO3ZMOXKHOCTB ITyTEM JETam3a-
uu 0000IIeHHOTO onepaTopa L co3JaBaTh MareMa-
TUYECKHE MOJIEIM HW3MEPHUTENIFHON IpoLenyphl,
CTENEHb aJICKBATHOCTH KOTOPBIX  OIpPEAENseTCs
TOJIBKO amnpHOPHBIMH 3HAHUSAMH 00 U3MEPHUTEILHON
LIETIH U COCTAaBJIAIOIIMX e¢ emMeHToB [1,2,3].
Hauunasga c CCMUICCATBIX TOA0B MPOLLIOTO
CTOJIETHSI TIPOLIECC PA3BUTUSI M3MEPUTEIBHOU Tex-
HHUKH, TPOXOJUT NPU BCE BO3PACTAIOIIEM BIHSHUH
WHPOPMAIMOHHBIX TEXHONOTHH (/7-TeXHOIOTHN).
Bceneactere 3toro mpoiecca ObLT 3amyIieH Mexa-
HHU3M KOMITBIOTEPU3ANNN HU3MEPEHHH, P KOTOPOM
CpcacTBa BBIYMCJIMTEILHON TEXHUKHU CTaJIM MCIIOJb-
30BaThCsl HE TOJILKO Ui OOpabOTKHM pPe3yJibTaToB
W3MepeHnil, HO M ObUIM HENOCPEACTBEHHO BKIIIO-
YEHbl B COCTAaB M3MEPUTENbHBIX Mpouenyp. [Ipume-
HEHUEC CPCIICTB BBIYMCIIMTEILHOM TEXHUKH B COCTaBE
H3MEPHUTENBHBIX MPOLEAYpP B CBOIO Ouepe/b MOTpe-
60BaJIO TOBBIIICHHE YPOBHS (JOPMAU3AINU OIHKCA-
HUIl 00BEKTOB U mmporeayp. EcrecTBeHHO, 3TH 00-
CTOSITENBCTBA MPUBEIH K HEOOXOJUMOCTH JalbHEH-
[IEr0 COBEPILICHCTBOBAHUS (DOPMBI YpaBHEHHS H3-
MEpEeHUH |, KaK CIEJICTBUE, K PA3BUTHUIO MMOXOJI0B K
(OpMann30BaHHOMY ONMHCAHUIO W3MEPHUTEIHHBIX
npoteayp (IropuTMOB, METOJOB), MOTPEUIHOCTEMH



Cexyus 2. MemoOul uccrnedosanuti u memponozuieckoe obecneuenue usmepeHul

pe3yJIbTaTOB M3MEPCHHUsS, a TaKKe MPUOOPOB H3MeE-
PESHUIA U UX METPOJIOTUYECKUX XaPAKTCPUCTHK.

B pamkax moaxona K OCHOBaM MaTeMaTHYECKOMH
METPOJIOTHH, TIPEIOKEHHOTO B MOHorpadmm [1],
BBEJICHO TPH (DOPMBI ypaBHCHUS M3MEPEHHIA:

(opMma ypaBHEHHS W3MEPEHUS, OMUCHIBAIOIIAS HIC-
aJbHYI0 (HOMHUHAIBHYIO, TIPHHATYIO) pPeau3alluio
W3MEPUTENHEHON POIEAYPHI:

=L [y @

(dbopMa ypaBHCHHS U3MEpPCHUS, OMMCHIBAIOIIAS HE-
HUIeaJdbHYIO (pean3yeMy0) U3MEPUTENBbHYIO Mpolie-
aypy: ,

Bo=L"[y0 7 3)

(hopma ypaBHEHHUS H3MEPEHHS, OMICHIBAIOIIAS TUII0-
TeTH4ecKylo (pu3nvecku Hepeann3zyeMylo) U3Mepu-
TEJIbHYIO NMPOLEAYPY U MPENCTABIAONIAs UCTUHHOE
3HaYEHHE U3MEPSAEMON BETUUUHBIL:

i )
A=L" [ y() 15 (4)
l'umoretnueckas m3MepHUTeNbHAS MPOLEAYpa HC-
T10J1b3yETCsl TIPH ONpeeeHnH netnaHoro ( A ) 3Ha-
YeHMs BENMUYMHBI A , WIeaNbHas — [PH ONpeaele-

*
HUM pe3yjbTaTa WU3MEpEHUs (}.E‘) BenmuuuHel A |

KOTOpBI MOT' OBl OBITH HOJNyYeH NpU HICaTbHOU
peanu3anuy U3MEpPUTEIbHON MpPOIEaypsl, U, HAKO-
Hell, HeWJealbHas — MpPH TOJNYYCHUH pe3yibTaTa

*
U3MEpCHUs (A, 1 ) BCJIMYHMHBI, KOTOPAass OTINYACTCA

*
oT (iE ) n3-3a TOr0, 4YTO PCAJIbHBIC XapaKTCPUCTUKHU

HU3MEPUTEIBHOTO CPEACTBA OTIMYAIOTCS OT Heallb-
HBIX XapakTepUCTHK. PaccMOTpUM 3Tambl pa3BUTHS
(OopMann30BaHHOTO  OMHCAHHUSA  H3MEPHUTEIHHBIX
nporenyp (aJropuTMOB, METOIOB), ITOTPEITHOCTEH
pe3yJIbTaTOB M3MEPEHUsS, a TaKKe MPHOOPOB HM3Me-
PeHHH W WX METPOJOTHIECKUX XapaKTCPHCTHK,
COIIOCTAaBUB €r0 C 3BOJIIOIMEH CPEICTB 3JIEKTPOU3-
MEpPUTENBLHON TEXHUKH (PUCYHOK 1).
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PI/ICYHOK 1- 3BOJ'HOIII/I$I HU3MEPUTCIIbHBIX CPCACTB
3H6KTp0H3MepPITeHLHOI>II TCXHUKH

DJIeKTPpOMeXaHNYecKHe U 3JIeKTPOHHBIE NPH-
6opbl. dopManu30BaHHOE OINHCAHHWE H3MEPHUTENb-
HBIX TIPOLENyp NPUOOPOB JAHHOTO MOKOJIEHUSI HO-
CHUT cofep)KaTeNbHBIH XapakTep, a OTACIbHBIC aHa-
JUTAYECKUE COOTHOIIEHUS, KOTOPHIE ONMCHIBAIOT
MPUHIUT W3MepeHus ((pu3mueckoe SBICHUE WM

3¢ eKT, MOJOKEHHbIE B OCHOBY H3MEPEHHs), HE
HOCST 00513aTeJIbHOTO XapaKTepa.

Mudposrie npudopsnl. IlosBieHue paHHOrO
KJIacca M3MEPUTEIBHBIX IPHOOPOB CBA3aHO C IEJTBIM
PAOOM IpeuMyIIecTB TUPPOBOH 00pabOTKH pe3yiib-
TaTOB N3MEPEHUH (TapaHTHPOBaHHAsI TOYHOCTb, HJle-
aIbHasg BOCHPOM3BOJMMOCTh PE3yJbTAaTOB) Iepen
aHaJIOrOBO# 00pab0TKOH. DTO MPHUBEINIO K MEPEXOIY
K YPaBHEHHUIO U3MEPEHHH CIIEIYIOIIEro BUA:

L =K R[y(®)]: ()
R1 — omeparop MpeoOpa3OBaHHUN OCYIIECTBIIEMBIX

B aHaOroBoM BHje;, K — CpaBHCHHE BEIMYUHBI
R[y()] ¢ MIPUHATONH 00pa3IoBOM €MUHUIICH H3Me-

pEHHI.

IIpouneccopHbie HM3MEpPUTENbHBIE CpPEACTBA
(IIpAC). D10 HOBasg Tpymma H3MEPHUTEIBHBIX
CPEICTB, B COCTaB KOTOPHIX KPOMeE amlmnapaTHOH 4a-
CTH BXOAUT MepenporpaMMUpyeMas BBIYHCIHTENb-
Hast MoiHOCTh ([IBM), 4To nano BO3MOKHOCTH IpH
TOM e anmapaTHOM 4acTu M3MEHSTh OCYIIECTBIIsE-
MBbI€ UM (M3MEPUTEIBHBIM CPEICTBOM) U3MEPHUTENb-
Hble NMpeo0pa3oBaHus 32 CUET M3MEHEHHs W3MepH-
TENBHOTO TPOrpaMMHOTO oOecneueHus. Bxmodenne
B IIpMC IIBM npuBeno kK JanbHEHIIEMY NOBBILIE-
HUIO YPOBHS ()OPMaN30BaHHOTO ONHCAHUS M Hepe-
X0y K CIEAYIOIEMY YPaBHEHHIO U3MepeHui [3,4]:

X' =R, K R [y(®)]; (6)

rae R, — omeparop npeobpasoBaHuii OCyIIeCTBIIsIe-

MBIX B IIU()POBOM BHJIE.

OTMeTHM, YTO IIPH aHAIN3E XAPAKTEPUCTHUK I10-
TPEIIHOCTEl Pe3ysIbTaTOB U3MEPEHUSI U METPOJIOTHU-
YECKUX XapaKTepUCTHK CPEICTB HM3MEPEHUH aaH-
HOTO KJIacca IPUMEHSIOTCS] KaK pacdeTHbIE METOIbI,
TaK ¥ METOJbl IMHTAIIIOHHOTO MOICTHPOBaHuUs [3].

BupryaibHble u3MepuTelbHbIe cpeacTsa. On-
HOM M3 HOBBIX HH()OPMAMOHHBIX TEXHOJIOTHH SIBIIS-
eTcsl TaKk Ha3blBaeMasi TEXHOJOTHS BUPTYaJbHBIX
npuOOpOB, OCyIIECTBIsIeMasi B IPOrpaMMHOI cpeze
Lab VIEW paspaborannoii ¢upmoii «National In-
struments» [5], cyTb KOTOpO#l 3akirodaercs B
KOMIIBIOTEPHOI (BUPTyaJIbHOM) HMHTAIMU (TIpO-
IrpPaMMHOH M aJTOPUTMHYECKOH) peabHBIX H3MEpH-
TENBHBIX TIPHOOPOB.

JanHass wH(MOPMAIMOHHAS TEXHOJOTHS IO3BO-
JSIET CO3/1aBaTh MHOXECTBO M3MEPUTENBHBIX MPHOO-
POB pa3IMYHOTO Ha3HA4YEHHs C TPeOyEeMBIMH METPO-
JOTUYECKHUMHU XapaKTePUCTUKAMM, BKIIOYast UX MO-
JenpoBaHue M TecThpoBaHue. [Ipu paszpaboTke
YHUBEPCAILHOTO KOMILIEKCA «O0BEKT — H3MEPEHHE)
BO3MOXXHO TPHMEHEHHE JJsi aHaJoro-uugpoBoro
peoOpa3oBaHusl W3MEPHUTENbHBIX CHTHAJIOB 3BYKO-
BOI KapThl MEPCOHAIBLHOTO KOMBIOTEpA U COOTBET-
crBytoiero [10 Lab VIEW.

HHTennexkTyaqbHble W3MepUTeJIbHbIE Cpel-
crBa (MuMC). Pa3paboTka NPUHIUIIOB ITOBBILICHHS
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ypoBHsa uHTemiexra [IpHC nmpuBena k MOSABICHUIO
MHTEJJIEKTYaIbHBIX U3MEPHUTENILHBIX CPEJCTB, KOTO-
pble paguKaIbHO U3MEHUIIN TPEOOBAHMUS K COCTaBY H
OpraHu3aIui U3MEPUTENBHOTO oOecmeueHus. OTMe-
THUM, YTO JAAHHBIH BHJI WM3MEPHUTEIBHBIX CPEICTB
IpearoiaraeT MmoyiHyo ¢Gopmanmsanuoo [1] npex-
CTaBJICHUS WCIONB3YEMBIX W IOIy4YaeMbIX 3HaHHH,
THIIOTETUYECKHX, HACATbHBIX U HEUACATHHBIX H3ME-
PUTENBHBIX IPOLEAYD.
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AUTOMATED FACILITY FOR CALIBRATION OF LUXMETERS/PHOTOMETERS UPF-2

Skyms D.V., Tarasova O.B., Bakovetc N.V.
Belarusian State Institute of Metrology
Minsk, Belarus

Introduction. One of the priorities of the Bela-
rusian industrial policy is energy saving. Up to 20%
of consumed in the country electricity is used for
lighting of streets and buildings. So-called energy
saving lamps) are widespread in last years.

The one of the main problems by the assessing of
the correctness validity of light source exploitations
is the measurements of created illumination.

This value (illumination) is strictly standardized
by the number of technical regulations and should be
controlled carefully [1-3]. However, all types used in
Belarus luxmeters are calibrated or tested against the
standard source CIE type A with correlated color

temperature 1 ¢ = 2856 K, which relative spectral

distribution of the radiation power is quite different
the spectral distribution of the LED. Theoretical
studies show, that by this reason the measurement
error of illumination should significantly rise [4-6].
In our previous research was defined, that in the case
of changing from CIE type A source to the LEDs
illuminance measurement uncertainty in some cases
increased [4]. In this case the illuminance relative
measurement uncertainty of the luxmeters is not
bigger than 4 %, the illuminance relative measure-
ment uncertainty decelerated by the producer is 6% -
10% according to the type of luxmeter.

The nowadays used in BelGIM Facility UPF for
calibration of luxmeters are obsolete, the automated
Facility for calibration of luxmeters/photometers
UPF-2 was created. Facility based on the light
source, which includes both incandesced lamps and
LEDs.

According to the definition, illuminance (at a
point of a surface) is a integral, taken over the hemi-
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sphere visible from the given point, of the expres-
sion L,cos0dQ, where Lv is the luminance at the
given point in the various directions of the incident
elementary beams of solid angle dQ2, and 6 is the
angle between any of these beams and the normal to
the surface at the given point. Unit: Ix = lm-m-2.
From other side according the Lambert law the illu-
minance is proportional the cosine of the angle of
the light direction and the illuminance is possible to
calculate from the follow equation.

E =Lvcos(a)/ r’ (1)

where r — distance to the light source. The most
common method of the assessing the measurement
error (uncertainty) is the method of substitution, i.e.
comparison of measurements of illuminance pro-
duced by stable light source done with the standard
photometer and the DUT. Thus, the measurement
error of the DUT is defined as

2(Ey —E)

AE= 2)

n
where E;,., — illuminance measured by the DUT, E;,
— illuminance measured by the standard photometer,
n — number of measurements, usually not less than 3.
The required value of illuminance is created by
changing the distance from the light source or with
use of the neutral attenuator of luminous flux. On
the base of the Facility UPF-2the the both methods
was decided to use. The block diagram on Figure 1

shows the Facility’s structure.
The Facility consists of four units. There are the
unit of the linear positioning and the luminous flux





