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O HEM NOJIE3HO 3HATDb

NPU BblBOPE NMNPOMETPA

A.®pyH3e, K.T.H., HHTII "TEPMOKOHT"

B npouecce uaMepeHUs TemnepaTypbl peasibHbiX O6bHEKTOB BCE MpPenMyLLecTBa
NMpoOMeTpa, AaxKe C IKCTpeMasibHO HU3KOM NOrpeLlHOCTbIO, U3-3a Pas/IntHbIX MPUYMH
MOrYT 6bITb MOJIHOCTbIO YTPAYeHbl, TO €CTb NOrpelwHOCTb COCTAaBUT He A0/ OAHOro
NPOLLEHTA, KaK 3asB/lieHO U3rotoBuTenem, a gaxe 10 n 6onee npoueHToB. Mo3ToMy
npu Bbi6Ope NUPOMETPA HAA0 OPUEHTMPOBATLCA HE HA MUHUMAJIbHYIO NOrPeLlHOCTb,
YyKasaHHyIO B ero nacrnopTte, a Ha cneumnduyeckme ocobeHHOCTU Npubopa, KoTopble
caenalT ero onTUMasibHbIM A1 BalMX 33434 M CBeAyT HETOYHOCTU U3MEpEeHUM
K MUHUMYMY. M NOMHUTe, 4TO 3TOT BOMPOC Ayywe 06CyXAaTb CO CNEeLMasuCToOM.
OH yKaXkeT Ha Te Npo6ieMbl, 0 KOTOPbIX MeHeA Kep Mo Npoaa)kam yMOI4UT.

CTPeMSATCS COBEPIIEHCTBOBATh IlapaMeTphI

CBOMX M3[le/IUi. A TOYHOCTb (IIpaBUJIbHEe TOBO-
PUTb O OTPEUIHOCTH M3MepeHMH) HapsAdy C AHamaso-
HOM K3MepSIeMBIX TEMIIEPATYD ~ 3TO OCHOBHBIE I1apa-
MeTphl MHpoMmeTpa. M ecTecTBeHHO, 3asBiss bosee
HH3KYIO IIOIPEIIHOCTDb, YeM Y KOHKYPUPYIOIIero Hu3mie-
NKSl, IIPOU3BOAUTENIb OTKPBITO TOBOPUT IIOTPeOHTeNIO
0 TOM, YTO €ro IIPOAYKT JIy4Ille, YeM aHAJIOr OT ero
KOHKYDEHTa.

B HyneBoM HpubIHKeHHH 3TO Tak. Ho mumpome-
TpHUsL - 0ocobasi OTpacab U3MePeHHUH, IJe He Bce CTO/b
IIPOCTO, U I[le OYeHb JIeTKO COBEPIIMTH HEeBePHBIN
BHIOOD HM3-32 He3HaHHSI 0COOeHHOCTeM, MPUCYIIHX
3TOMY BHU/y M3MEePeHHUH.

B cBoer 6oprbe 3a MOTpebUTeNs IIPOH3BOLUTENU

OCHOBHAA NOIrPEWLIHOCTb MMPOMETPA -

YTO 3TO?

HayHeM C TOro, 4YTO 3asBiseMble IIPOHM3BOJUTeE-
JISMH TIOTPELIHOCTH HM3MEPeHHH - 3TO Te IIOTpell-
HOCTH, KOTOpBle IIPUCYIIHM KX H3MeIHSIM IIPU II0Bep-
KaX U KaauOpoBKax Ha MIEea/bHBIX U3/TydaTessx, TaK
Ha3plBaeMBIX "YepHBIX Tenax' (MYT - momens WU
MakeT "4yepHoro Tena"). Takue "dyepHble Tena' - 0bsi3a-
Te/IbHOe 060pyIoBaHMe JI000k II0BepOUHOH abopaTo-
puu. [71aBHasi 0COOEHHOCTb 3TUX U3/IydaTesell B TOM,
YTO UX KOIQQUIIMEHT H3/lydeHHUs (MHA4Ye — H3Iyda-
TeJbHAsl CIIOCOOHOCTH) Ha JII0O0K AJIMHe BOTHBI IIPAK-
TUYeCKU paBeH efuHUIlE (TUIOBBIe 3HaueHHs: 0,990-
0,998). M BOT IpU U3MepeHHUU TeMIIepaTypbl UMeHHO
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3THUX H3/ly4yaTesiel, B JTabOPaTOPHBIX YCIOBUSIX, IPHU
TeMIIepaType OKpysKawoller cpemsl 20-25°C, mupome-
TPBL U J@MOHCTPHUPYIOT CBOM TOYHOCTHBIE XapaKTepH-
CTHKH, KOTOPble Ha3bIBAIOT OCHOBHOM IO PEIIHOCTHIO
M3MepeHUH JaHHOro Ipubopa.

HTak, MOCTaBIIMKH IIPEIJIOKHMIM BaM [Ba IIKPO-
MeTpa - OLHMH C OCHOBHOM IOrpeIlHocTho 0,25%, Opy-
TOM - C IOrPeIIHOCThI0 1%. C PUHAHCOBOM CTOPOHBI
BaM II0 KapMaHy Jitoboii. YTo BeI6paTh?! [TaMATysl, 4TO
CKYIIOM IVIATUT ABa’KAbI, BB, CKOpee Bcero, Brlbepete
IIepPBBIM — Be[lb €ro IOTPelIHOCTh HIDKEe, 3HAa4YHUT, OH
nyumnte. Ho, KaK s yke CKa3as, IIMPOMeTpHs — ocobast
OTpac/ib U3MePeHUH, I7ie BCe He CTOJIb IIPOCTO.

BJIMAHUE U3NTYYATEJIbHOMN
CNOCOBHOCTU

HauyHeM C TOro, 4TO Ha pe3y/bTaT U3MepeHU s IIHpoMe-
TPOM B OYeHb OOJIBILION CTEIIeHH BJIMSET HU3/1ydaTellb
Hasl CIIoCOOHOCTh HU3MepseMoro obbekTa. HalloMHUM,
YTO 3TO Takoe. IIpencraBpTe CaeAyIOMIYI0 KapTHUHY:
B HallleM PacIOpSOKeHHH ecTh AJIIOMHUHHEBBIM Yau-
HUK, CTEHKH KOTOPOrO IIOJIMPOBAaHBbI, HO Ha ONHOM
6oky - 6ombIIOe IMSTHO CaKHM (YaMHUK KaK-TO yIIaJ
B KOCTEep, H3BJeueH OTTyha OblI He Cpasy, a OTTH-
PaTh BBEBILYIOCA Ca’Ky He XO4YeTCs, Ha CKOPOCTb 3aKH-
[IaHUS OHAa He BIHseT). TaK BOT, eC/IM Bbl HaBefeTe
[IMPOMeTp Ha 3aKOIIYeHHYI IIOBEPXHOCTh KHUIISAILEIO
YarHHKa, TO IHPOMeTp IoKaxkeT 90-95°C. IIpu HaBe-
JeHHH Ha YHCTYIO [IOJIMPOBAHHYIO [I0BEPXHOCTb [T PO-
MeTp BBLIACT pe3y/bTaT mopsaka 30-35°C. K 3aMeTeTe,
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3aBMCUMOCTb NOrPeLIHOCTU M3MEPEeHUS OT ASINHbI BOJTHbI M TeMMepaTypbl (OLLII/I6Ka BBOAA I(OBC])(DMLI,VIEHT& n3nyyvyeHnsa 10%)

Temnepartypa, K

[ NVHA BOJTHbI U3JTY4EHUS, MKM

1,5 2 )
KavecTtBo ny4a, M2 0,0063 0,0105 0,0157 0,0208 0,0504 0,0782 0,1129
ANVTeNbHOCTb MMMYAbCA, HC 0,0079 0,0131 0,0195 0,0258 0,0622 0,0959 0,1372
OxnaxpgeHue 0,0102 0,0169 0,0252 0,0333 0,0793 0,1212 0,1714

YaMHHUK-TO [IPH 3TOM KHIIHUT, TO €CTh BOAA BHYTPH HEro
MMeeT TeMIIepaTypy okoso 100°C, ¥ K CTeHKe YalHHKa
Jy4ille He IIPUKACAThCS - HHAYe OKor obecrieyeH.

ITouyeMy >Ke IIPU M3MepeHUH Mo4uTH 100-TpagycHOU
TeMIIePATyphl IIMPOMETP IIOKaKET BTPOe MeHbIIee 3Ha-
yeHHe? [le0 B TOM, YTO KasKABIH 0OBEKT XapaKTepH3y-
€TCsl MU3/Ty4YaTelbHON CIIOCOOHOCTBIO, KOTOPAasi OIKCHI-
BaeT ero M3jydaTe/IbHble CBOKCTBA. M3nydaTenbHad
CII0COOHOCTh YMCTOrO IOJHMPOBAHHOIO AIIOMHHHUS —
ot 0,02 go 0,04, To ectb B 25-50 pa3 MeHBbIIe, 4YeM
y MUT (u3nydarenpHas criocobHocTs MUT, HaIlOMHIO,
0,99-0,998). A wm3nmydarenbHasl CIIOCOOHOCTH 3aKOII-
YeHHOH MOBEPXHOCTH - mopsgka 0,95-0,98. To ects,
[IOJIMPOBaHHAsl IIOBEPXHOCTh H3J/ly4YaeT IIpaKTHYe-
CKH B Te 3Ke 25-50 pa3 MeHbIle, YeM 3aKOITYeHHas.
A OHUpOMeTpP TPaKTyeT 3TO KaK (PaKT, 4YTO TeMIepa-
Typa MO/ POBAHHOM [TIOBEPXHOCTH rOpas3o HIDKe, YeM
y 3aKOITYeHHOH.

Jlist Toro, 4TobBl YCTPAaHUTH 3Ty 60-IpasyCHYIO
morpemHocTd (95°-35"=60°C), 06BIYHO IIHPOMETPEHI
CHabXkalT YCTPOMCTBOM KOPPeKLIMH pe3y/l1bTaToB
10 M3J/lyyaTe/bHOM CIIOCOOHOCTH. BaM IpefjaraeTcst
TaK WJIM MHaye, B 3aBUCUMOCTH OT KOHCTPYKLIHH, BBe-
CTH B ITHPOMETP 3HAueHHe H3Jy4daTe]bHOM CII0C06-
HOCTH TOro ob6beKTa, KOTOPBHIM BBl H3MepsieTe. Eciu
BBeJIeHHOE 3HauyeHMe COOTBETCTBYeT MCTHMHHOMY 3Ha-
YeHHIO, TO BBl [10/IyUUTe [IPaBU/IbHBIN pe3y/IbIar.

BoT MBI U m06panuch 0 MEpBOro IPemsSTCTBUS —
"ec/Iu BBeJIeHHOe 3HaYeHHe COOTBETCTBYeT UCTUHHOMY .
A ecnu He COOTBETCTBYeT/ A eClIH He COOTBETCTBYeT,
TO IIPH M3MEPEeHHH y BaC BO3SHHKHET [IOIIOTHHTEJIb
Hasi MeTOJMYecKasi IIOrPeLIHOCTD 3a CYeT OUTHO0YHOro
BBOZa KO3QOHUIIMEHTa M3JIYyUYeHMs, oOIperensemas
COOTHOIIEHHEeM
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3pmecs T, - meNCTBUTeNbHOE 3HAUYEHHE TeMIlepa-
Typhl 06beKTa, T, - 3HaUeHHe TeMIIepaTypsl 00BeKTa,
I10J1y4aeMoe IIPHU BBOZIe OMIKMO0YHOro 3Ha4YeHHUs K03d-
dunmenTta usnydeHus, e, (A,T) - JeHCTBUTebHOE

(cooTBeTCTBYIOIIEe UCII0Ib3YyeMOMY IIPOMETPY) 3Haue-
HHe U3/Ty4aTebHOM CIIOCOOHOCTH, a Ag, (A, T) - ommbKa
BBOZA KO3QPUIIMEeHTa M3JIy4YeHHs, T.e. Pa3HOCTh
Mmexay e,(A,T) U TeM 3HaueHHeM, KOTOPOe B3STO
13 CIIPABOYHOM JINTePaTyphI.

B Tabnuile mpuBefeHbl PAaCCYHMTAHHBIE 3HAYEHUS
OTHOCHTEJIPHOM IIOTPeIIHOCTH KaK QYHKLMH JJIHHBI
BOJIHBI A JIISl TPeX 3HAUeHUH JeHCTBUTEIBHON TeMIIe-
patypel, paBHBIX 1600K, 2000K 1 2600K 1151 BonbdppaMa
(3HaueHUs ¢, (A, T) B34THI U3 [1]). [TorpeIIHOCTb B OIIpe-
IelleHUH H3/1ydaTe/bHOM CII0COOHOCTH BBIOMpanach
paBHoM 10%.

M3 aHanmM3a TabnHIbl BUAHO Cllefyomee. 10%-Has
[IOTPElIHOCTh B M3MEPeHUH M3/1ydaTe/lbHOM CII0Co6-
HOCTH IIPUBOAHUT K IOrpeIIHOCTH 0,6-1% B M3MepeHUU
DeNCTBUTE/IPHON TeMIlepaTypbl o6beKTa, ecau H3Me-
peHu s IPOBOJSTCS Ha J/IMHe BOIHEL, paBHOU 0,6 MKM,
K IIOIPeIIHOCTH Hopsiaka 1,5-2,5% npu usmepeHHUH Ha
IJHHe BOMHHEL 1,5 MKM H 11-17% mpu HU3MepeHHUH Ha
IJIMHE BOHBI A=12 MKM.

OTKYOA BEPYT 3HAYEHUE
U3NTYYATEJIbHON CNOCOBHOCTWN?

A € KaKOM TOYHOCTBIO BBl 3HAaeTe H3/1y4aTelbHYIO CII0-
cobHOCTB cBoero obbekTa? OTKyza Bbl OepeTe ee 3HAUe-
HHe? DTOT BOIIPOC CeTOH S SIBNISIeTCSI OMHUM M3 CAMBIX
CJIKHBIX B IIMPOMETPHH. B mozpassiomemM 60MbIIHH-
CTBe CJly4aeB 3HaueHHe H3/Iy4aTelIbHOH CIIOCOOHO-
ctu OepyT M3 Tabnull, HaMAEHHBIX B TeX KU HHBIX
TUTepaTypPHBIX UCTOYHHKAX, U U3 PYKOBOACTB IO 3KC-
IUTyaTalluK ITHPOMeTPOB. IIpHu 3ToM B TabnuLax HeT
HUKaKOM MHPOPMAIIMU O TOM, B KAKOM CIIeKTPaIbHOM
JHaIa30He MPOBOAMIIMCh Te WIKM HHble HU3MEpeHHUS.
A K03pPHUIIMEHT H3IyUYeHHsI — 3TO BeJIMYHHA, KOTO-
pasi 3aBHUCHUT He TOITBKO OT MaTepHuasa 06beKTa, HO U
OT CIIeKTPa/IbHOIO UAIla30Ha IIMPOMeETpa.

ObparuMcsi K PUCYHKY. OueBHIHO, YTO KpHUBas
M3/lydaTebHON CII0COOHOCTH MeTayuna (KpuBas 1)
IepeceKaeT KPHUBYIO CIEeKTPaJbHOM UyBCTBHUTEIBHO-
CTH SIPKOCTHOrO (GOTOLHMONHOIO IIHMpoMeTpa (KpHBas
2) BOnu3u 3HaueHud 0,7. B To ske BpeMsl KPHUBYIO CIIEK-
TPa/IbHOM YYBCTBUTE/IBHOCTH MHPOMeTpa Ha OCHOBe
TepMO3/IeMeHTa CO CIIeKTPa/IbHON YyBCTBHUTEIbHOCTBIO
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B uHTepBajne 8-14 MKM (kpuBas 3) oHa IlepeceKkaeT
BOiM3u 3HaueHus 0,23-0,25. ITO 03HAYAET, YTO €CIH
[IPUHATh 3HaUeHHe KO3QPHIIMeHTa H3/IydaTe/IbHOU
cnocobHocTH Metasia 0,25 (Bonee-MeHee MPaBHUIBHOE
IJ1s. BTOPOrO IIMPOMeTpa), HO BBECTH 3TO 3HaueHHe
B QOTOOHMOOHBIN MUPOMETP C Si-GoTOmHOmOM, TO BB
obs13aTenbHO [OIycTUTe OomHOKY B 250-300%! A BoBCe
He B 10%. KoHe4HO, 3TOT IpHUMep ~ KpPaKHHUI CIy4aH.
Ho on mpu3BaH 1moxasaTh, YTO IIOTPEIIHOCTH B OIIpese-
JIeHUH KO3QOUIIMeHTa U3JIyYeHHsI MOKET COCTABJISATh
JecsTKU IIPOoLieHTOB!

HamomHI0o, @pU H3MepeHHH TeMIIepaTyphl
usnydarens-M4YT, rme wu3lydaTelbHasi CIOCOO-
HOCTb HM3BeCTHA C IOrPeNIHOCThI0 MeHee 1%, IHUPO-
METPBl MOTYT IIOKa3aTh Pe3y/IbTaThl, OTIMYAOIIHEC
OT UCTUHHBIX He 6osiee yeM Ha 0,25% U 1%. Ho 3TH ke
IIHPOMeTPEl NPU 10%-HOM IOIPelIHOCTH B OIpenere-
HUHM H3JIy4yaTelIbHOM CIIOCOOHOCTH H3MepST TeMIIe-
paTypy Balllero peajbHOro 06beKTa C MOrPEelIHOCTHIO
oT 1% mo 12-17%. Ilpx 3TOM MeHbIIMe 3Ha4YeHMs COOT-
BETCTBYIOT IIHMPOMETPAM C KOPOTKOBOJTHOBBIMH (HOTO-
OUONHBIMU ITPUeMHHKaMHM, a 6oibllirve — IHpOMe-
TpaM CHEeKTPa/JIbHOTO AMara3oHa 8-14 MKM. A eciu
IIOTPENIHOCTh B M3MEPeHUH M3/1ydaTe/lbHOM CII0cob-
HOCTH OyZeT B IBa — [Ba C II0JIOBUHOK pasa BbIIIe, TO
Y IOrPeIIHOCTh B M3MEPeHHM TeMIIepaTyphl Ballero
obbeKTa IpU H3MepeHHH IHPOMEeTPaMH CO CIIeK-
TPaJIBHBIM JHAIIa30HOM 8-14 MKM IpeBBICHT 25-30%!
U 3To mpu TOM, UTO COBCTBEHHAsl HHCTPyMeHTa/IbHas
IIOTPELTHOCTh TAKOTO MUPOMEeTpPa 0OBIUHO Ha IOPSIIOK-
[I0/ITOPA HIKe 9TUX 3HaueHUH.

TakuM 06pa3oM, IpeAIionaraTb, YTO IOTPELUIHOCTD
M3MepeHHs] IHPOMETPOM Balllero peabHOro o6
eKTa PaBHa 3asBJ/IsieMOM IIPOM3BOJHTE/IeM OCHOBHOM
IIOTPENTHOCTH ITMPOMeTPa — 3T0 OIIMOKa. [IorpemHoCTh
Balllero M3MepeHMs OIpefe/nuTCs B IEepBYI0 odepelb
TeM, HaCKOJIbKO IIPAaBUJILHO BBl OIIpefie/IuTe 3HaueHHe
KO3QPHUIIMEeHTa H3/ydeHUs] H3MepseMOro obObeKTa.
Ero yame Bcero Bbl CMOKETE OIIPeJeIUTh C IIOIrpell-
HOCThIO He MeHee 10-20%. A pmasnbllle BCe 3aBHCHT
OT TOI'0, HACKOJIbKO BeJIMKA JOIIOIHUTEeIbHAS MeTONM-
YecKasi MOrPelIHOCTh 33 CYeT OMIMOOYHO BBEIEHHOIO
€ y UCIIO0/Ib3YeMOro BaMHU IUpoMeTpa. Y MHUPOMETPOB,
KCIIO/IB3YIO KX KOPOTKOBOJIHOBbIE POTOAMOMSHBIE IIPH-
eMHUKH OHa HH3Ka. Y IIHPOMETPOB CIEKTPabHOr0
AuvarnasoHa 8-14 MKM oHa 6oJlee UeM Ha IOPS/IOK BBIIIe.
[TosTOMy ecny YHIOMSHYTBIM B Hadaje CTaTbH OLHO-
IIPOLIeHTHBIN MU POMETP BBHIIIOTHEH Ha GOTONHOSHOM
KpPeMHHeBOM IIPHeMHMKe, a YeTBepThIIPOLIeHTHBIN —
Ha TepMoO3JIeMeHTe C JHala3oHoM 8-14 MKM, TO TeM-
IepaTypy Balllero peajibHOro 06beKTa, KaK 3TO HU
YAMBUTEIBHO, TOYHEEe H3MEPUT He YeTBEePThIIPOLIEHT-
HBII, 3 OMHOIIPOLIEHTHBIN IpUOOpP. 3a CUET MeHbLIeH
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TOIIOTHUTEIBHON IIOIPEIIHOCTH IIPH OMIMOO0YHO BBO-
OUMOM €. M BeTMYHHA 5TOM JIONOTHUTE/IbHOM II0T pelll-
HOCTH HHKaK He OKa>keTCsl MeHee 1-2%.

BJIMAHUNE TEMITEPATYPbI OKPV)KAI'OLIJ,EVI
CPEADbI

Terepb KOCHEMCSL ellle OLHOM IIPobieMBl — 3aBUCHMO-
CTH pe3y/1bTaTOB U3MepeHU IINPOMETPaAMHU OT TeMIIe-
PaTypBl OKpY>KaloIlleH CpefEl.

[IpreMHHKaMH U3TYUYeHHS IHPOMETPOB ABJISIOTCS
Jalre BCEro I10yIIPOBOJHHUKOBBIE 3JIeMeHTHI — 6orome-
TPbl, GOTOAUOABI, IIHPO3IEKTPUKH, T€PMO3JIEMEHTHI.
M KaKk y BCSKHX IIOIYIIPOBOSHHKOBBIX KOMIIOHEHTOB,
HMX XapaKTepUCTUKHU 3aBUCAT OT TeMIIepPaTyPbl OKpYy>Ka-
IOIleH Cpefbl. Y IMIPHEMHUKOB 3TO BBIPa>KAeTCS B TOM,
YTO IIPU HM3MeHEeHHH TeMIIepaTyphl Cpefpl BHIXOLHOU
CHUI'HaJl [IpYeMHHKa U3MeHSeTCsd, IIPU TOM YTO BXOA-
HOM OIITHYECKUH CUTHAJI OCTAeTCSI HeM3MeHHEIM,

ITo ompITy 3aMeuy, U3MeHeHHe TeMIIepaTyphl OKPY-
SKaIoIIeN cpeibl Ha Kakable 10°C y mrpoMeTpa C IpHeM-
HHUKOM U3 Si-PoTogrona NpHUBOIUT K AOIIOIHHUTETBHON
IIOTPENTHOCTH IOPSIIKA 1% ITpU TeMIlepaTypax 06beKTa
500-1000°C. To eCTb, HA€ATBHO OTKAIOPOBAHHBII ITPH
TeMIlepatype 22°C INHUPOMeTpP, C OCHOBHOH IIOTpell-
HOCTBIO 0,25%, mpu 32°C 6ymeT xapaKTepH30BaTbCs
[IOIPEeIIHOCThI0 Iopsifika 1%, a mpu 42°C - morpe-
HOCTBIO IIOpsiiKa 2% U T.A. [JIT IHPOMETPOB C IIpH-
eMHHKaMH Ha ocHOBe InGaAs-pOoTOOHOTOB M TEpPMO-
3JIEMEeHTOB JOIIOTHUTE/IbHAS [IOTPeIIHOCTh Ha KasKaoe
yBe/lIMYeHHe TeMIIepPaTyphl OKPYKAlOIleH Cpeldbl Ha
10°C 6yne'r 4yTh 6omnpme - mopsimka 1,3-1,5%. To ecTs,
eClIU B IIHMPOMeTpe He IIpeyCMOTpPeHa BO3MOSKHOCThb
UCK/IIOYATh ITOSIBJIEHHE OIMMCAHHOM AOIIOMHHUTEIBHOHN
IIOIPEIIHOCTH, MOXKeTe CMeJIO pacCMaTpHUBATh 3KCTpe-
MaJIbHO HM3KHe 3HaueHMS ero MOTpPelIHOCTel, 3asiB-
JIeHHBIe IIPOU3BOAUTENISIMH, KaK peKJIaMHBIH XOf,.

Ckopee BCero, 3TH 3asiBJieHHBIe IIOTPEIIHOCTH (0T
0,1% mo 0,4%) - npaBaa. Ho MU IPU OKpy>Kalollek
Temreparype BO6au3u 21-23°C. A eciu y Bac B Liexe
3umoi 10°C, a metom 33°C, TO HU 0 KAKOM JOCTYKeHU U
JleCSITBIX I0JIeU IIPOLIEHTA TOBOPHTH HeJlb34.

O KakKHUX Mepax HCKJIIOYeHHS [OOIOTHUTEIbHOU
IIOTPEeIIHOCTH BO3HMKAIOIIEN K3-32 H3MeHeHUS TeM-
IepaTypsl OKpY>KaIoIler Cpenbl, MOKET UATH peub?
B mepByio ouepefp 3TO TEPMOCTAOMIM3ALIUS IIpHEM-
HOro y37a. JlOCTaTO4YHO 0b6ecIedyuTh CTAbOHUIJIBHOCTH
TeMIIepaTyphl IIPUEMHOIO y3/1a C TOYHOCTBIO 1-2 Tpa-
Ayca — U HHUKAaKOH [JOIOJHHUTE/]BbHOM IIOTPEeIIHOCTH
3a cueT KojlebaHUI TeMIIepPaTypbl OKPYsKaolel Cpe/ibl
He OyzeT, 0 Hell MOSKHO 3a0BITb.

BTopoy IyThb - BBeIeHHE COOTBETCTBYIOIIMX IIOIIpa-
BOK. B ITMpoMeTpe Ko/KeH OBITh JaTYHK TeMIIepaTy phl
OKPY>KaloIllel Cpellbl M COOTBETCTBYIOIIAS IPOrpaMMa,
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KOPPEeKTHPYIOLIAs YYBCTBUTEIBHOCTh MPHEMHHKA.
[IpryeM MMEHHO YYBCTBUTE/IBHOCTD, & HE CMeIleHHe
II0 ITOCTOSTHHOMY TOKY.

EC/ty X0Th ONMH K3 3THX MEXAaHHU3MOB B IIHPOMETpe
€CTh, TO 3TO FAaPAHTHPOBAHHO OTPA’KEHO B €ro OITH-
CaHWHU/PYKOBOACTBE IO 3KCIUIyaTallMu. EciM Takou
MHGOPMaLMH B GUPMEHHOM PYKOBOJACTBe Bbl He HaM-
nete — bynbTe yBepeHbl, IPUOOD MMeeT [NOMOTHHUTe b
HYIO IIPOLIEHTHYIO IIOT PeIIHOCTh Ha Kaxkble 10°C u3Me-
HeHHUs TeMIIepaTyphl OKPY’KAIOIIeH Cpefbl, YTO ObI
IIPY 5TOM BaM HM FOBOPHJ/IM MEHEe/IKePhI, [IPOAAOIILe
ero.

HHorma oHW, IIpaBda, TOBOPAT, YTO IIpejiara-
eMbIM npubop clelaH MHMPOBBIM JHJEPOM, HMe-
MM OOJIBIIOK OMBIT, M YTO NPHEMHUKH ITHPOMeTpa
3TOr0 JIMJepa He HMMEIT TaKOH IOTPeIlHOCTH. IIpo
NU/IEPOB ~ TIOYTH, HaBepHsKa, IpaBAa, U Ipo 60mb-
IIOM OIBIT — TOXKe. A BOT IIPO TO, YTO IPHUEMHUKH
MUPOBBIX JIMJEPOB JIyYIlle OCTa/IbHBIX, —~ MSITKO TOBOPS,
HeITpaBAa. 3aKOHBI QU3MKH OAMHAKOBBI Ha BCEX KOH-
THHeHTax. M TeMIepaTypHBIM yxof Si-GoTomuOm0B,
K IpUMepy, NpaKTH4YecKHd OJHHaKoB, byab To mpe-
KpacHbIK doromuon ¢upmel Hamamatsu UIH MeHee
LIeHU MBI, HO BIIOJIHE Ka4eCTBeHHbIN OTeUeCTBeHHbIM
®I-24K BbINIyCcKa 30-71eTHEH JaBHOCTH.

BJIMAHUE HEMPOCJ/IE>XKUBAEMOCTHU

K NMEPBNYHDbIM 3TAJIOHAM

O TOM, UTO HeIIpoC/IesKUBaeMOCTh IIMPOMETPOB K IIep-
BUYHBIM 3TajJloOHAaM BHOCHT CBOH OIIOTHHTE/IbHBIE
[IOrPeIIHOCTH, MeTPOJIOTH 3ar0BOPHIIM B IToC/IeAHHe 10
7eT. les1o B TOM, UTO eCJIM Bbl KaIMOpyeTe IMPOMeTp Ha
H3jlydaTesie, KOTOPBIM XapaKTepPH3yeTcs, K IIPHMepy,
0,5% HOM IOrPelIHOCTHIO, TO IOIPEIIHOCTh Kalubpye-
Moro rpubopa He MokeT 6bITh HHKe 0,5%. [aske ecu
OH HJIea/IbHO KaJIMOPOBaH Ha 9TOM H3jy4aTesle, U ero
[IOKa3aHUS PacXOdsTCs C IIOKA3aHHSIMH H3/IydaTesns
MeHee yeM Ha 0,1%, IOrpemHOCTh IHpoMeTpa byzeT
He 0,1%, a 0,5%. Benb 0OCHOBHAS IIOIPEIIHOCTD ~ 3TO He
IIOIPeIIHOCTh OTHOCHUTEIPHO H3Jlydaress, a IIOrpell-
HOCTb OTHOCHTEJIPHO MeXXAYHapOLHOH TeMIlepaTyp-
HOM HIKAJIbl. A C HeH yIIOMSIHYTBIM M3/1ydaTeslb Pacxo-
OUTCS B JAaHHOM IIpHuMepe Ha 0,5%.

Jonroe BpeMs 3alafHble IIPOM3BOAMTE/NH He CUH-
TaJIM HY>KHBIM CBePSITb CBOM 00pa3LioBble H3/1ydaTe/ln
C HallMOHAJIbHBIMU 3TaJIOHAMHU TeMIlepaTypel. Cerdac
MeTPOJIOTH 3aCTaB/SIOT UX 9TO AenaTb. Ho uHdopMa-
LIM$1 O IIOTPEeIHOCTSIX CIMYeHHH [I0 Hac He JOXOAUT. A
>Kanb. ECIM, K IPUMepy, KTO-TO U3 MUPOBBIX JIHUJEPOB
mpefjaraeT BaM IPU60p C OCHOBHOM IIOTPELIHOCTBIO
0,1%, TO 3TO 3HAUMT, YTO H3/IyyaTe/lb, HA KOTOPOM OBLT
KaJIUOpoBaH 3TOT NpHbOp, MOMKEH HMeTh IOrperl-
HOCTb XOTsSI 6Bl BTpOe MeHBIIyI0. A eCTb K TaKOH
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y3Jly4daTespb y 3Toro aujepa’ C OCHOBHOM IIOrPeIlHO-
cTei0 0,03%?! M momKpemasercss M 3T0 CepTUQHKA-
TOM COOTBETCTBYIOLIErO IJIABHOTO METPOJIOTHMYEeCKOro
HMHCTUTYTa CTPaHbl, B KOTOPOH paboTaeT 3TOT IIPOH3BO-
AuTens! Uy 3TO TOJBKO C/I0Ba AHUJepa, IPOAAIOIEro
BaM IIpubop?

BJIMAHUE ONTUYHECKUX N BU3SUPHDbIX
XAPAKTEPUCTUK

JIJIsT yIpomeHHsT KOHCTPYKIIUK OOJIBIIMHCTBO ITHPO-
MeTPOB [eNalT ¢ HePOKYCHPYeMOM OITHYeCKOU
cucTteMon. I1I0OCKOCTb, KOTOpasl COIPSKEHA C IJIOCKO-
CTBIO IIPHeMHHKA, 0OBIYHO HAXOAUTCS Ha PACCTOSHUHU
0,5 M win 1 M oT o6beKTHBa IHpomeTpa. HMeHHO
B 3TOM IIJIOCKOCTH PasMep H3MepseMoro obbneKkrTa
MHHHMaJjeH. Ml HIMeHHO Ha 3TOM PacCTOSIHUHU OT U3/y-
4aTessi OOBIYHO PacCIIOflaraeTcsi IHPOMeTpP BO BpeMs
KaTHOPOBKH.

Ho npou3sBopuTenn 06bIYHO yMaTUHUBAIOT, YTO IIPU
M3MeHeHUH PacCTOSHHUS OT IHPOMeTpa [0 00beKTa
pe3ynbTaT M3MepeHHs H3MeHSIeTCs, Ja’ke eI TeM-
reparypa obbeKTa ocTaeTcs HeM3MeHHOH [3]. 3To mpo-
HCXOOUT IIOTOMY, YTO ILIOIAAb 06BeKTa, C KOTOPOK
UPOMETP NPHUHHUMAeT TeIlIOBble J1y4H, K TeleCHBIH
yIoj, Iof, KOTOPhIM K3 ToueK o6beKTa BHIHA BBIXOM-
Hasl JIMH3a 00beKTHBA IMPOMeTpa, U3MEeHSIOTCS [P
BapbUPOBAHUH PACCTOSHUS HECHHXPOHHO. [I0CKOIBKY
pacdeT peasbHOMN ILIOMALN 06BbeKTa, C KOTOPOM MU PO-
MeTp IPUHHUMaeT TeIJIOBblE JIy4H, — BecbMa 3aTpyu-
HUTe/JIbHOE 3aHSTHe, COOTBETCTBYIOIIMe MaTeMaTH-
yecKHe MoJe/lH, OTpakalollihe U3MeHeHLe TeIlJI0BOro
[I0TOKA C M3MeHeHHeM PacCTOSHHS, He pa3paboTaHBL.
Ho 3To He 3HA4YMUT, YTO 3TOrO H3MeHEHHUS He Cylle-
cTByeT. OHO CyIIeCTByeT, K IIPHU H3MeHEeHHH pacCTos-
HUA C 1 M 10 2 M pe3ynbTaT M3MepeHUs IIHPOMeTPOM
CO CIIeKTPa/IbHOM XapaKTepHUCTHKOM, OIMMChIBA€MOM
KPUBOM 3 (CM.PHCYHOK), MOXXeT M3MeHUThCS Ha 2-4%.
J/1s MHpOMeTpa €O CIeKTPa/IbHOM XapaKTepHUCTHKOM,
OIMChIBA€MOH KPHBOH 2, 3Ta BeJINYKHA 3aMETHO HHKe
(memHoro meHee 0,5%). Kak BUAMTE, U 3a CYET 3TOrO
dakTopa 3KCTpPeMabHO HHU3KHe 3HAueHHs IIorpell-
HOCTH u3MepeHHUH (0,1-0,3%) okaxkyTcs A5l Bac Hepe-
anu3yeMbIMHU. To eCTh 33 CUET TOTO, UTO BBl M3MepsieTe
06BeKTEl Ha HMHBIX PAaCCTOSIHHUSIX, UeM TO, Ha KOTO-
poM KanubpoBalu MHUPOMETP, Bl IOy4daeTe peasb-
HYIO 3aMeTHO 6OJIBIIYI0 IIOrPeIIHOCTh, YeM OCHOBHAS
[IOrPeIIHOCTb, 3asiBJIeHHasI IPOKU3BOAUTE/IEM.

CripaBeflJIMBOCTH Pafid HaZl0 OTMETUTh, UTO Y IIpa-
BHJIBHO CKOHCTPYHPOBaHHBIX IIMPOMETPOB C OKY-
CHpyeMOI OITHUYeCKOH CHCTeMOM 3Ta IIOIPelIHOCTb
OTCYTCTBYeT.

YTo KacaeTcsi CHCTeMbl BU3HPOBAaHHS, TO YYTHTe,
YTO ee BJMSHHUEe CKa3blBaeTCsi IIPHU H3MepeHHU
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MajopasMepHBIX 00BeKTOB.  [IONOJHUTEIbHYIO
IIOTPeIIHOCTh B HECKOJBKO IPOLIEHTOB BBl MOXKeTe
IIOJTYIUTh, eCJIM II0JIe 3peHHs IMPOMeTpa Ha BBIOpaH-
HOM PAaCCTOSIHHH COIIOCTABHMO C Pa3MepoM oOBbeKTa,
a BBI IIPU 3TOM He MOyKeTe TOUHO HaBeCcTH ITHPOMETP
Ha 00BEKT M3MepeHHs H3-3a HeylauHO BBIOPAHHOIO
BH3Upa. [lo3ToMy, eclk pa3Mepsl oObeKTa MHUHU-
MaJIbHBI, HUCIIONb3yHTe IMPOMEeTPhI C XOpoIuM becra-
pasiTIaKCHBIM BHU3HPOM.

B/IMAHUE YHEJIOBEYECKOIO ®AKTOPA

EcTb ellle OMMH HEIIPUSTHBIN GaKTOpP, BIUSIOMKUI Ha
TOYHOCTb H3MepeHHs. ITO - desjloBedyecKHI (aKTop.
He cymenu ycTaHOBUTb 6e3 omu6KU KO3QOULIMEHT
M3/IydeHHs — pe3y/lbTaT HU3MepeHHUs OyJeT BKIIOUATh
B cebsi IOrpemIHOCTh, NPHUYEM HHOIZA 3HAUHTENlIb-
HYI0 [4]. 36aBUTBCS OT STOH MIOrPEIIHOCTH [I03BOMISIIOT
[IUPOMETPHI CIIEKTPAJIbHOIO OTHOLIEHHS, JIMIIeHHbIe
OpraHOB KOPPeKLIHH.

B/IMAHUE CNELWWATTUZALUN NMPUBOPA

Eciy BBl MOMNBITaeTeCh U3MEPUThL TeMIIepPaTypy aJlio-
MHHHEBOM 3arOTOBKHU OOBIYHBIM IIHPOMETPOM, He
npefHa3sHAaYeHHBIM [JIg KM3MEpPeHUs TeMIIepaTyphl
ATIOMHUHHMS, CKOpee Bcero, pesynasraT byieT oueHb IIJI0-
XHM, IIOTPENIHOCTh HM3MepeHHMs IIPeBBICUT BCe pas-
yMHBIe TPaHHIBL. OTO IIPOM30KAET IIOTOMY, YTO H3IIy-
YaTesbHAS CIIOCOOHOCTD AIIOMHUHUS OYeHb HU3Ka, Ha
ypoBHe 0,02-0,03. To eCcTp CUTHa1 OT aJIOMHHHEBOH
3aroToBkd B 30-50 pa3 MeHble, yeM oT MYT. Yrobsl
CKOMITEHCHPOBAaTh 0C/Iab/ieHHe 33 CUeT U3/1y4YaTeTbHOM
CIIOCOOHOCTH, CHUTHaJ, MNPUINeAIINN Ha IIHPOMETP,
Hago ycuiauTh B 30-50 pa3. OQHOBPEMEHHO C 3TUM BO
CTOJIBKO K€ pa3 BO3paCTyT U IIPUCYyIHe IIHPOMeTpy

1.2
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IIYMBL. M eCciv MHPOMeTP He COTePKHUT TeXHUYECKUX
pellleHHI, MHHHMH3UPYIOIINUX 3TH IIYMBI, IIOrpell-
HOCTb M3MepeHUs OyJleT Ha OfMH-71Ba opsiAKa 6oblie
COOCTBEHHON HHCTPYMEHTAJIBHOM IIOTPEIIHOCTH
IIMpoMeTpa.

Eme omuH mpuMep - H3MepeHHe TeMIepaTyphl
METaJ/UIOB IIHMPOMETPOM, XapaKTePHCTHKA KOTOPOro
nofobHa KpHBOH 3 (CM. PHUCYHOK). [lelo B TOM, 4TO
y OONMBIIMHCTBA MeTAJIJIOB H3/1ydaTe/lbHasi CII0CO6-
HOCTb C POCTOM A CHHKaeTcs A0 3HadeHuUH 0,1-0,3.
[TOrpeIHOCTh U3MepPeHHUs M3/1y4daTelbHOM CII0CO6HO-
CTU BenM4MHOM 0,05 cocTaB/isieT B JAaHHOM Ciydae
oT 16 go 50%, YTO COOTBETCTBYeT [OIOJTHUTENbHOM
IIOrPeIIHOCTH B IIepBOM IIPUOIMsKeHUH 0T 15 110 40-50%.
[TosToMy mpuobpeTass IHUPOMETP CO CIeKTPa/bHbIM
AHATa30HOM 8-14 MKM [JI U3MePeHM s TeMIIePaTy Phbl
MeTajl/la, [IOMHHTe, YTO Ja’ke II0JYy4YHUTb ONHO-[BYX-
[IPOLIEHTHYIO IIOIPeIIHOCTh OKa’KeTCSl KparHe 3aTpya-
HUTEIBHO - YTO "OLHOIIPOLIEHTHBIM ITHPOMETPOM,
YTO "4eTBepPTHIIPOLIEHTHBIM .

B To ke BpeMmsi, mo maHHBIM HIIYI] "DHepromer"
(5], m3nmydaTenpHast CIIOCOOHOCTH MHOTHX OTHEYIIOPOB
B 3TOM CIIeKTPa/IbHOM AHaIla30He PUOIHsKaeTCs UK
npesbinIaeT 3HaveHue 0,9. M 1y TeMIIepaTypel TAKKUX
06BeKTOB MHPOMETP CO CIIeKTPa/JIbHBIM [IHAIla30HOM
8-14 MKM BIIO/IHe IpuUrofeH. IlorpemHocts 0,2-0,3%
IIOJIyYUTh BaM, CKOpee BCero IIp¥ 3TOM He YyHacTcs,
HO Ha ypOBHe 1-2% - BIIO/IHE peaJIbHo.

3AKJ/TIOMEHUE

TakuM 06pa3oM, Mbl PACCMOTPE/IH HIeCTb PAa3IMYHBIX

[IPHUYMH II0SIBJIEHH S JOIIOTHUTe/IbHEIX IIOTPellIHOCTer

oT 12% mo 15% u Oosee Ipu H3MEpPeHUH TeMIlepa-

TyPbl [IMPOMETPOM. DTH IIOIPelIHOCTH, BCerAa UMeo-
I1ie MeCTO B IIPOLecCe M3MepeHH s
peasbHBIX 06BEKTOB, CBEYT HA HET

10 [

0.8 |

06 [

04 -

BCe IIpeHMMyIlecTBa IHpOMeTpa

3 C 3KCTpeMaJIbHO HH3KOH IIorpem-

HOCTBIO (Ha ypoBHe 0,1-0,25%).

Tak CTOMT /M THAThCS 3a '4eT-
BEPTBIIPOLIEHTHBIMU (MM elle
6osee TOYHBIMH) ITUPOMETPAMU?
Becb BoIlpoc B TOM, KaKylo 3aJady
BBl IIBITaeTeCh PeIIHTh. Eciu

YYBCTBUTE/IbHOCTU, OTH. €A,

-
0.2 [

KoapPpuumeHT n3nyyeHns, oTH. ea,.
KoadduumeHT cnekTpanbHoOm

OCHACTHUTb IIOBEpPOUHYI0 Jabopa-

JNVHa BOJTHbI TEMJIOBOI0 U3/yYEHUS, HM

ConocmasneHue cnekmpaAabHol U3Ay4yamenbHol CNOCOBHOCMU MUNUYHO20 HU3KOAE2U-
posanHozo memanaa (1) [2], cnekmpanbHol 4y8cmeumenbHOCMU sIPKOCMH020 pomodu-
00H020 nupomempa (2) U NUpoMempa Ha 0CHO8e MepMo3neMeHma 8-14 mxm (3)
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TOpPHIO - TO Ja, 6e3ycioBHO. Bl
OyneTe M3MepsThb TaKHMM IIHMpPOMe-
Tpom Temmeparypy MUT, mostomy
BIHSIHHE M3/y4daTe/lbHOM CII0C06-
HOCTH Ha pe3ylbTaT H3MepeHUS
HcKaouaerca. O6pluHO B y1abopa-
TOPHU IOJJEPKHUBAETCSI HOPMaJIb-
Hasi TeMIlepaTypa OKpYsKaloleH
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Cpefbl, [IO3TOMY ee U3MeHeHHU s BIUAI0T MUHKMMAJIbHO.
[Tpubop BBl yCTAHOBHUTE HA TOM PACCTOSHHH, Ha KOTO-
POM peKoMeHAyeT IIPOHM3BOAUTE/b, U BIUSIHUE H3Me-
HeHHUsI PacCTOSTHUS Toxke byzmeT mckiIodeHo. M Torma
IIpeKpacHble TOYHOCTHBIE XapPaKTEePUCTHUKHU Ipubopa
OyayT peasn3oBaHbl. Ecu mpubop IpegHa3HavaeTcs
Iist u3MepeHus He MYT, a peanbHBIX 0O0BEKTOB Ha
IIPOM3BOACTBEe MM B HAay4YHBIX KMCCIeLOBAHUAX, — TO
HeT.

Ha3BaHHBIe YCI0BUS M3MePeHHN MPHUBeAYT K TOMY,
YTO IOTPELIHOCTD Pe3yIbTaToB byneT He [OMH IIPOLeH-
TOB, & MMHHMYM eIHUHHUIBI, B IIPe[e/JbHO K& HeXo-
poIIeM CTeYeHHH 0OCTOSTeNbCTB — Hake 15% u bornee.
[losTOMy HaJo OpPHUEHTHPOBATHCS He Ha MHUHHMYM
[IOIPEelIHOCTH, a Ha chenuduyuecKue 0CoOEHHOCTH
nipubopa, KOTOpbIe [e/NaioT ero JKbo HeyAauHBIM IJIsI
Ballero ciayyasi, 160, Hao60POT, OMTHMAJIbHBIM.
U 37ech CIIpaBeIJIMBO Crefylollee IIpaBuUIIo: YeM borlee
KOPOTKOBOJIHOBBIM SIBJISIETCSI CIIEKTPJIBHBIN AHalla-
30H HCIIONB3yeMoro Ipubopa, TeM MeHbIle CKa3blBa-
I0TCSL IIpU paboTe C HHUM BCe [IONOTHUTEIbHBIE MeTO-
JHYeCcKHe IOrPelIHOCTH. Ec/u Bl MOKeTe I103BOJIMTh
cebe He MHTEPeCOBAThCS TeMIlepaTypaMu Hike 500°C,
BBIOMpAliTe TUPOMETP Ha OCHOBE KpPeMHHEBOro ¢HoTo-
JHOfA, Y HEro JOIOJIHUTE/IbHbIE IOIPeIIHOCTH MUHU-
MaJIbHBL. ECJIH JKe BaM Bce >Ke HY>KHO BeCTH H3MepeHH
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B JuamnasoHe oT 200 mo 500°C, TO HCIIONB3YHTe IIHPO-
MmeTp Ha InGaAs-poromuome. Y Hero IIOTPelIHOCTH
BBIIIIE, YeM Yy IpeablayIlero, Ho BCero pasa B II0JITOpa.
Hy a ecnu 6e3 M3MepeHHUs TeMIIepaTyp BOIHM3H KOM-
HaTHOM BaM He OOOMTHCH, BaM IIPHUJETCS HCIIONB30-
BaTh IIMPOMETP CIEKTPAbHOrO JHaria3oHa 8-14 MKM
CO BCEMH €ro0 IIOrPeIHOCTSIMU (APYroro-To HKUYero s
3TOr0 TeMIlepaTypPHOro JHala3oHa HeT). Ho He paccyu-
TBIBaliTe Ha TOYHBIe M3MepeHHS 3THM IIHPOMeTpPOM
00BEKTOB, HATPETHIX /10 TeMIIepaTyphl 500°C U BhIIIe.
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W30aHue ocyuiecmeneHo npu nodoepkke

":' Bakc E.[l., MuneHbkuit M.H., Canpbikut J1.T. OOO HIrIL “Naseps u annapamypa TM”
! KHuza ocHosaHa Ha pe3ynbmamax uccaedosarut 8 SHUMC u e HILL “Jlasepbl u annapamypa

TM" u Ha aHanu3e pabom ome4yecmeeHHbIX U 3apybexkHbix uccaedosamenell. [pedcmasneH
e 575 0630p 06nacmell npumMeHeHUs Ad3epHoL NpeuU3UoHHOU 06pabomku. M3y4eHbl 3aKoHOMepHOCMU

/d3epH020 ceepAeHusl, pe3aHusl, hpe3eposaHus u pasoeaeHust Mamepuand umMnyabCamu Aa3epHo20

U3Ay4YeHus ¢ 0AUmeAbHOCMbO 0M eOUHUL, MUAAUCEKYHO 0o comeH pemmoceKyHO. [pusedeHsl

3KCNepuMeHmanbHO YCMAaHo8AeHHble PexKUuMbl ONMUMAAbHOU 06pabomKu Mamepuanos

C UCN0Ab308AHUEM UMNYAbCHBIX U HENpepbl8HbIX Aa3epos. ObesicHeHa memoduka nodbopa makux

pexxumos. PaccmompeHbl mexHonozu4eckue ycmanosku HILL “Jlasepbl u annapamypa TM".
KHuz2a npedHazHa4yeHa 0as cneuuanucmos Hay4Ho-uccAedo8ameAnbCKUX U NPOMbILUAEHHbIX

npednpusimut, 0As1 cmy0eHmos U dcnupaHmos, U3y4arouiux Npouecchbl AazepHol 06pabomxu.

KAK 3AKA3ATb HALUUN KHUTWU?
= 125319 MockBa, a/d 91; & (495) 956-3346, 234-0110; knigi@technosphera.ru, sales@technosphera.ru
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WHAT'S WORTHWHILE TO KNOW

WHEN DECIDING ON A PYROMETER

A.Frunze, Ph.D.of Engineering Science, NNTP "TERMOKONT"

Within the process of measuring the temperature of real objects the reasons that might negate the benefits of a
pyrometer with an extremely low error arise. They will lead to that the error of the measurement results will make
not shares of a percent, but even 10% or more. Therefore, when deciding on a pyrometer you should focus not on
the minimum error mentioned in its passport, but on the specific characteristics of the device, which will make it
the best for your needs and will drive additional errors to a minimum. And remember, this question is better to
discuss with an expert. He will point to the problems which the sales manager will keep back.

I n their struggle for aconsumer manufacturers strive to improve
the parameters of their products. A precision (it’s more accurate
to say the measurement error), along with the range of measured
temperatures are the main parameters of the pyrometer. And of
course, declaring a lower accuracy than competing products, the
manufacturer speaks openly to the consumer that his product is
better than its equivalent from a competitor.

This is right in the zero approximation. But pyrometry is
a special branch of the measurements, where everything is
so not simple and to make the wrong decision is very easy
because of ignorance of the features inherent to this kind of
measurements.

THE BASIC ERROR OF PYROMETERS - WHAT IS IT?

To begin with, the manufacturer states that the measurement
errors are the errors that are inherent in their products at
verification and calibration with perfect radiators, so-called
"black bodies" (BBM -model of the "black body"). These "black bodies"
are the mandatory equipment of any calibration laboratory.
Their main feature is that their emissivity factor (otherwise -
emissivity) is almost equal to one (typical values: 0,990-0,998) at
any wavelength. So when measuring the temperature of these
blackbodies in the laboratory at ambient temperature 20-25° C,
the pyrometers do demonstrate their accuracy characteristics,
which are called the basic error of tool measurement.

Thus, the suppliers offered you two pyrometers - one with the
basic error of 0.25%, and the other - with the basic error of 1%.
Financially you can afford any of them. What to choose? Mindful
that the avaricious pays twice, you are likely to choose the first -
because its error value is lower, so it is better. But, as I have
already said, pyrometry is a special branch of the measurements,
where everything is not so simple.

IMPACT OF EMESSIVITY

Let’s start with the fact that the measurement result of the
pyrometer is very much influenced by the emissivity of the
measured object. We'd like to recall what it is. Imagine the
following situation: we have an aluminum kettle with polished
walls, but one side has a large stain of soot (kettle somehow
fell into the fire, was not removed immediately, stubborn soot
was not scrubbed as it didn’t influence the rate of boiling). So,
if direct the pyrometer on the smoked surface of the boiling
kettle, the pyrometer will show 90-95° C. When directed on a
clean polished surface the pyrometer will display the result
approximately 30-35° C. And please note the kettle is boiling
at the moment, that is the water inside it has a temperature
of about 100° C, and the wall of the kettle is better not touch
otherwise skin burn is guaranteed.

Why does the pyrometer show three times less value with the
measurement of a nearly 100-degree temperature? The fact is that
each object is characterized by the emissivity, which describes its
emission properties. The emissivity of pure polished aluminum is
within the range 0.02 to 0.04, that is 25-50 times less than that of
MBB (emissivity of MBB is 0.99 - 0.998, as you remember). A sooty
surface emissivity is about 0.95-0.98. That is, the polished surface
emissivity is nearly the same 25-50 times less than that of sooty
one. And the pyrometer treats it as a fact that the temperature of
the polished surface is much lower than that of sooty.

In order to remove this 60-degree error (95°-35° = 60°C), the
pyrometers are usually provided with a unit adjusting results by

emissivity. You are invited anyway, depending on the design, to
introduce to the pyrometer the emissivity of the object you are
measuring. If the introduced value corresponds to the true value,
then you will get the correct result.

So we got to the first obstacle - "if the value entered
corresponds to the true one." And if it does not? And if it does
not, then the measurement you have an additional methodical
error owing to faulty input of the emissivity factor defined as:

T, 2 e+ 250 D)

T,-T _ G & (1)
T, P Ae,(1,T)
1+T, . In(1+ s;‘(k,T))

Where T, - the actual temperature of the object, T, - the
temperature of the object obtained when entering an incorrect
values of the emissivity factor, &;(A,T) - the actual (as
aﬁpropriate for the pyrometer) emissivity, and ae,(A,T) - input of
the emissivity factor, ie the difference between ¢,(A,T) and the
value taken from reference books.

The table shows the calculated values of the relative error
as a function of wavelength A for three values of the actual
temperature eciual to 1600K, 2000K and 2600 K for tungsten
(values are taken from [1]). The error in determining the
emissivity was chosen to be 10%.

The followin%jis seen from the analysis of the table. 10% error
in measuring the emissivity leads to an error of 0.6-1% in the
measurement of the actual temperature of the object, if the
measurements are made at a wavelength of 0.6 microns, to an error
0f 1.5-2.5% in the measurement at a wavelength of 1.5 microns, and
11-17% when measured at a wavelength of A =12 microns.

WHERE IS THE VALUE OF EMISSIVITY TAKEN FROM?
And how precisely DO you know the emissivity of the object?
How do you get its value? This issue is one of the most complex
in pyrometry now. In most cases, the emissivity is taken from
tables found in various literature sources and from manuals of
the pyrometers. In the tables, there is no information on the
spectral range in which certain measurements are performed.
And the emissivity factor is the value which depends not only on
the material of the object, but also on the spectral range o[ythe
pyrometer.

Let’s refer to the figure. Obviously, the metal emissivity curve
(curve 1) intersects the curve of spectral sensitivity of brightness
photodiode pyrometer (curve 2) close to the value 0.7. At the same
time it intersects the spectral sensitivity of the pyrometer based
on the thermocouple with spectral sensitivity in the range of
8-14 mm (curve 3) near the value of 0.23-0.25. This means that, if
we take the value of emissivity factor of the metal as 0.25 (more
or less correct for the secon 1E)yrometer), but enter it in the
photodiode pyrometer with Si-photodiode, we are sure to make a
mistake in 250-300%! And far from 10%. Of course, this example
is an extreme case. But it is intended to show that the error in
determining the emissivity factor can make tens of percent!

I remind, that when measuring the temperature of the BBM
where the emissivity is known with an error of less than 1% the
pyrometers mentioned at the beginning of the Section can show
results that differ from true no more than of 0.25% and 1%. But
the same pyrometers measure the temperature of your real object
with an accuracy range of 1% to 12-17% at 10% error in determining
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of emissivity. In this case the lower values correspond to short-
wavelength pyrometer with photodiode detectors, and large
values - to the pyrometer of spectral range of 8-14 microns. And if
the error in measuring the emissivity will be two - two and a half
times higher, the error in measuring the temperature of your
object will exceed 25-30% when measuring with the 1Eyrometers
with spectral range 8-14 microns! And it is so despite the fact that
the own instrumental error of the pyrometer is usually by the
order or more below these values.

Thus, to assume that the pyrometer measurement error of
your real object is equal to the basic pyrometer error stated by
the manufacturer is a mistake. The error of your measurements
will be determined fprimarily by how well you will define the
emissivity factor of the measured object. Most often it can
be identified with an error less than 10-20%. And then it all
de%pends on how b}g the additional methodical error is owing to
a faulty input of € for the pyrometer used. It is low in pyrometers
using shortwave photodiodes. It is more than by order higher
in the pyrometers of spectral range 8-14 microns. Therefore, as
mentioned in the beginning of the article if the pyrometer with
one percent error is made on a silicon photodiode receiver and
with 0.25 % error is made on the basis of the thermocouple with
a range of 8-14 microns, the temperature of your real object,
surprisingly will be more accurately measured by 1% device,
owing to the smaller additional error in faulty input €. And the
value of this additional error can’t be less than 1-2%.

AMBIENT TEMPERATURE EFFECT
Now let’s touch another problem - depending on the results of
measurements with pyrometers on the ambient temperature.

Receivers of pyrometer radiation are usually semiconductors -
bolometers, photodiodes, pyroelectrics, thermocouples. And like
any semiconductor components, their characteristics depend on
the ambient temperature. As for the receivers it is reflected in
the fact that when measuring the temperature of the medium
receiver output signal changes, despite the fact that the input
signal remains unchanged.

A posteriori I'll say, temperature change for every 10° C in the
pyrometer with the receiver of Si-photodiode leads to additional
error of about 1% at 500-1000° C of object temperatures. That is
perfectly calibrated pyrometer at 22° C with the basic error of
0.25% will be characterized by an error of about 1% at 32° C and
an error of about 2%, at 42° C etc. An additional error for each
increase of ambient temperature by 10° C will be a little more
about 1.3-1.5% for pyrometers with receivers based on InGaAs-
photodiodes and thermocouples. That is, if the measures are not
taken to eliminate the occurrence of the described additional
error for the pyrometer you can safely consider extremely low
error values of pyrometers, claimed by their manufacturers as a
gimmick.

Most likely, these alleged errors (from 0.1% to 0.4%) are the
truth. But it is only when the ambient temperature is around
21:23° C. If you have 10° C in winter and 33° C in summer in your
workshop, then to talk about tenths of a percent error is not
possible

What measures of excluding of additional error owing to
ambient temperature can be taken? First of all this is heat setting
of receiver unit. It'll be enough to ensure the stability of the
temperature receiver unit with an accuracy of 1-2 degrees - and no
additional error owing to ambient temperature fluctuations will
be, you can forget about it.

T‘{m second way is to introduce relevant amendments. The
pyrometer should have the ambient temperature sensor, and the
appropriate program that corrects receiver sensitivity. And it is
sensitivity, but not DC offset.

If one of these mechanisms is available in the pyrometer is,
then it is reflected in its description / manual by all means. If you
don’t find the information in the company’s manual - be sure
the device has the additional percentage error for every 10° C of
ambient temperature changes, whatever the managers, selling
it tell you.

Sometimes, however, they say that the proposed device is
manufactured by world leaders with extensive experience, and
that this pyrometer receivers do not have this error. Concerning
leaders it is almost certainly true, as well as about the great
experience. But as for the fact that world leaders’ receivers are
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better than the others, gently speaking, is not true. The physical
laws are the same in aﬁ the continents. And temperature drift
of Si-photodiodes, for example, is almost the same, whether it’s
a photodiode of the wonderful company Hamamatsu, or less
valued, but of good quality domestic FD-24K produced 30 years
ago.

IMPACT OF UNTRACEABILITY TO BASIC STANDARDS
In the recent 10 years metrologists have been talking that
untraceability of the pyrometers to primary standards introduces
the additional errors. The fact is that if you calibrate the
Eyrometer on the blackbody model, characterized, for example,
y 0.5% error, the error of the calibrated instrument can not
be lower than 0.5%. Even if it is perfectly calibrated for this
blackbody model, and its records differ from the records of
the model by less than 0.1%, the error of the pyrometer will
be not 0.1%, but 0.5%. As basic error is not an error against
blackbody model, but the error with respect to the international
temperature scale. And the said blackbody model diverges with
the scale by 0.5% in this case.

For a long time, Western manufacturers do not consider it
necessary to check their reference blackbodies with national
standards of temperature. Now metrologists make them do it.
But the information on the errors of comparisons does not reach
us. Unfortunately. If, for example, one of the world leaders offers
ﬁou a device with a basic accuracy of 0.1%, it means that the

lackbody, which the device was calibrated against should have
an accuracy of at least three times less. Does the leader have such
a blackbody? With the basic error of 0.03%?! And is it confirmed
by the certificate of conformity of the main metrology institute
of the country where the manufacturer is working? Or are these
only words of dealers selling you the product?

IMPACT OF OPTICAL AND VIEWING
CHARACTERISTICS

To simplify the design most pyrometers are manufactured with
extra- ocaf/optical system. Tﬁe plane associated with the plane
of the receiver, is usually located at a distance of 0.5 m or 1
m from the lens of the pyrometer. It is this plane where the
size of the object being measured is minimal. And it is at this
distance from the source the pyrometer is usually located during
calibration.

But manufacturers are usually silent, that the result of
the measurement changes at changing the distance from the
pyrometer to the olf{]’ect, even if the temperature of the object
remains unchanged. [3] This is because the area of the object
from which the pyrometer takes the heat rays, and the solid
angle with which objective output lens of the pyrometer is
visible from the points of the object change non-synchronously
at varying the distance. Since the calculation of the actual
area of the object the pyrometer takes the heat rays from, is
a very difficult exercise, appropriate mathematical models
to reflect the change of the Eeat flux with the distance, are
not developed. But it does not mean that this change does not
exist. It does exist, and when the distance changes from 1 m
to 2 m measurement of the pyrometer with spectral response
3 (see figure) can change by 2-4%. For the pyrometer with
spectral response described by curve 2, this value is much
lower (slightly less than 0.5%). As you can see, and owing to
this factor extremely low values of the measurement errors
(0.1-0.3%) would be infeasible for you. That is due to the fact
that you are measuring objects at distances other than the
one on which the pyrometer is calibrated, you are actually
getting much larger error than the basic error, declared by the
manufacturer.

It is fair to note that this error is absent at a properly designed
pyrometer with the focused optical system.

With regard to the viewing system, keep in mind that
its impact is im]fnlied in the measurement of small objects.
Additional error of a few percent can be obtained if the viewing
area of the pyrometer at a selected distance is comparable to the
size of the object, and thus you can not exactly bring pyrometer
for measuring object owing to unsuccessfully chosen viewfinder.
Therefore, if the object is of minimum size, use pyrometers with
good reflex viewfinder.
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HUMAN FACTOR PERFORMANCE

There is another unpleasant factor affecting the accuracy of
measurement. This is the human factor. Establish emissivity
factor with an error and the measurement will include the
error, sometimes even significant. [4] The pyrometers of spectral
relation devoid of correction can help to get rid of this error.

EFFECT OF DEVICE SPECIALIZATION
If you try to measure the temperature of the aluminum billet
with conventional pyrometer, not used for measuring the
temperature of aluminum, most likely the result will be very
oor, the measurement error exceeds all reasonable limits. This
1s because the emissivity of aluminum is very low, at 0.02-0.03.
That is, the signal from aluminum billet is 30-50 times less
than that of BBM. To compensate for the attenuation due to the
emissivity it is necessary to increase the signal, which came to
the instrument, 30-50 times. At the same time the pyrometer
inherent noises increase by the same factor. And if the pyrometer
does not have technical solutions to minimize these noises,
the measurement error will be one or two orders more than
pyrometer own instrumental error.

Another example is measurement of metals temperature with
a pyrometer, which characteristic is similar to the curve 3 (Fig. 1).
The fact is that emissivity of most metals is reduced up to 0.1-0.3
with increasing of A. Measurement error of the emissivity with
value of 0.05 make from 16 to 50% in this case, which corresponds
to an additional error, from 15 to 40-50% in the first approximation.
Therefore buying a pyrometer with a spectral range of 8-14 mm to
measure the temperature of the metal, remember that to even
get a one-two-percent error will be extremely difficult with 1 %
pyrometer as well as with 0.25 % one.

At the same time, according to NPUTS "Energomet” [5], the
emissivity of the many refractory materials in this spectral
range is close to or exceeds the value of 0.9. And pyrometer with a
spectral range of 8-14 mm is good enough for the temperature of
such objects. Probably you can’t get 0.2-0.3% error, but the level of
12% is quite real.

CONCLUSION

Thus, we have considered six different reasons that lead to
additional errors from 12% to 15% and more at temperature
measuring with a pyrometer. These errors always taking place
during the measurement of real ob{ects, will negate the benefits
of a pyrometer with an extremely low error (at the level of
0.1-0.25%).

So is it worth chasing 0.25 % (or more accurate) pyrometers?
The question is, what problem you are trying to solve. If you try
to equip the calibration laboratory - then yes, absolutely. You'll
measure the temperature of BBM with suci’lx a pyrometer, so the
impact of the emissivity to the measurement is excluded. Usually
normal ambient temperature is maintained in laboratory, so
its changes will have minimal impact. You'll set the device at
the distance the manufacturer recommends, and the impact
of changes of the distance will also be excluded. And then the
device great precision characteristics will be realized.

If the instrument is designed to measure not BBM but real
objects in industry or research - then no. The mentioned reasons
will lead to the fact that the error of the measurement results
will not be parts of a percent, but at least unities, and at the worst
set of circumstances - even 15% or more. Therefore, we should
focus not on the least error, but on the specific characteristics
of the device, which makes it a failure or vice versa, the best
for your case. And here we have the following rule: the more
short-wavelength range is used by the device, the less impact of
any additional methodological errors when working with it. If
you can afford not to be interested in temperatures below 500°C,
choose a pyrometer based on a silicon photodiode, its additional
errors are minimal. If you do need to make measurements in the
range of 200 to 500° C, use a pyrometer on InGaAs-photodiode. Its
error is higher than the previous one, but only half as large again.
Well, if you need to measure near room temperatures , you have
to use a pyrometer with spectral range of 8-14 microns, with all
its errors (there is nothing available for this temperature range).
But do not count on precise measurements of facifities, heated to
a temperature of 500° C and above made with this pyrometer. ®
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