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OLLEHKA BJIMAHUA
ATMOC®OEPHOIO BOASAHOIO MNMAPA
HA PE3YJIbTATbl BECKOHTAKTHOIO
U3MEPEHNA TEMIIEPATYPbI

Pa6oTa nocesilieHa 3afa4ye [eTanbHOro MCCNefoBaHMsl MOrpelHOCTH GeCKOHTaKT-
HbIX M3MepeHMH Temnepatypbl B AuanaszoHe 100—600 °C, BbI3BAaHHOM HeycCTpa-
HMMBIM BIIMSIHMEM MOCJIOLLEHMSI TEMSIOBOrO M3ny4eHusi oO6beKTa aTMOChepPHbIMM
napamm Bofbl B YCJIOBMSIX MPOMbIWNEHHOCTH. C ucnonb3oBaHMem 6Gasbl faHHbIX
monekynsapHoi cnektpockonun HITRAN B paboTte 661510 npoBeeHO MOoAenMpPOBa-
HHMe YeTbIpex M3MepHUTENbHbIX CUTYALMH, XapPaKTEePHU3YIOLWMXCS Pa3fMYHbIMM YPOB-
HSIMM BRIQYKHOCTM M AMCTAHUMSIMM «OBGbeKT-nMpomeTp», ans 11-tM MamepuTens-
HbIX MMPOMETPMUYECKMX KAHANOB C YHMKaNbHbIMM CNEKTPanbHbIMM AHana3s’oHamMH
yyscTBMTENnbHOCTH. Kak nokasano npoBegeHHoe MccnefoBaHue, npeHebpexeHne
3(phpeKTOM MOrnowLeHns M3nyyeHnss obbekTa aTMOCepHbIMM NapamMu BOAbl NPU
npoBeeHMM GeCKOHTAKTHLIX TeMMEepPaTyPHbIX M3MEPEHMH MOXKET NMPMBECTH K 3a-
METHOMY OTKNIOHEHMIO MX Pe3yNbTaTOB OT MCTMHHBbIX 3HAYE€HMH [laXKe Ha OTHOCHM-
TenbHo He6onblmMx auctaHumax (5—10 m).

KnioueBble cnoBa: 6eCKOHTaKTHbIE M3MepeHUs TeMnepaTypbl, MMPOMETp, Tenno-
BM30p, aTMOC(epHble rasbl, BOASHON Map, OTHOCMTENbHAs BAAXHOCTb, MOMNEKY-

nspHoe nornoweHue, 6a3a aaHHbix HITRAN.

BeepeHue. B Hacrositiee BpeMst pa3BUTHE U BHEAPE-
HUe OOIeNd KOHIIENIIUU M ITOAXOAOB YETBEpPTOU IPO-
MBIIIA€HHOU peBoatonumu (Mupyctpun 4.0) IpUBOAUT
K IOSIBA€HUIO BCe OOABIIIEro urcAa Kubep-pu3niecKux
CHCTEM C 3JAeMeHTaMU HCKYCCTBEHHOTO WHTEAAEKTQ,
YTO, B YaCTHOCTH, SIBASIETCSI BOCTPEOOBAHHLIM IIPU OP-
TaHM3AUHA «yMHBIX IPOU3BOACTB» [1—2]. Ilpm sTtom
BaKHBIM YCAOBHEM aAeKBATHOTO (PyHKIIMOHUPOBAHUS
TMOAOOHBIX KOMIIAEKCOB U CHCTEM SIBASIETCSI HCIIOAb-
30BaHHE MCKAIOUUTEABHO AOCTOBEPHOM U3MepUTeAb-
HOM MH(pOpMALUK IPU NPUHATHUU pelleHunt. ['lo sTou
IpUYMHE B HX COCTaBe I[eAecOOOpasHO IIPUMEHSTHb
WHTEAANEKTyaAbHBIE AQTUUKHM M CHCTEeMBI, oOecreunBa-
IoI[e aBTOMATUYeCKUU KOHTPOAB KadecTBa IIpoliecca
U3MepeHus, B YaCTHOCTH, 3a CUeT pearusanuu PyHK-
WU METPOAOTUYECKOTO CaMOKOHTpOAsL [3—4]. Takum
o0pa3oM, IOCTOSHHOE COBEpIIEeHCTBOBaHME METOAOB
U CPEeACTB M3MepeHUH, X MEeTPOAOTHYEeCKOTO obecIie-
YeHUs gBASIeTCS BaKHOU 3apaudeii, 0COOEHHO eCAU 3TO
NPUBOAUT K PACHIUPEHHNIO KpyTa AOIYCTUMBIX HU3Me-
PUTEABHBIX CUTyallu¥ (IOSIBA€HUIO BO3MO’KHOCTU pe-
LIeHUsI HOBBIX aKTyaAbHBIX M3MEePUTEABHBIX 3apad) [5].

Kak wm3BecTHO, TeMmmepaTrypa SBASETCSI OAHUM
U3 TAABHEUIINX I1apaMeTpPOB, XapaKTepU3YIOUIUX CO-
CTOgHUEe AOOOro (DU3UYEeCKOro TeAd, B TOM UHCAe
U TPOMBIIIAEHHOrO 00OpyAoBaHUsa [6]. MeToabl mu-
poMeTpuu (B TOM 4YMCAe — TeNAOBUAEHHUE) 3aHuMa-
0T 0cO00€e Ba)KHOE MeCTO B OOAACTHU TeMIlePaTypPHBIX
usMepenuii. K umX OCHOBHBIM AOCTOMHCTBAM CAEAY-

€T OTHECTH OBICTPOTY, BBICOKYIO UYBCTBUTEABHOCTD,
a TakKKe OTCYTCTBHE HEIOCPEACTBEHHOTO KOHTaKTa
C OOBEKTOM KOHTPOAS], YTO OOeCIeYrBaeT BO3MOIK-
HOCTb M3MEepeHUs TeMIepaTyphl TPYAHOAOCTYIIHBIX,
SKUAKUX, CBIIYYMX M OIACHBIX 0O0BeKTOB [7—8]. Oa-
HAaKO KAIOYEBBIM HEAOCTATKOM IIUPOMETPUU SBASETCS
AOCTATOUYHO CHABHAsI 3aBHCHUMOCTL PE3YABTATOB U3-
MepeHUN OT BHEIIHUX (haKTOPOB: COCTOSHUS IIOBEPX-
HOCTU OOBEKTa (XapaKTepU3yeMOTI'O CIIeKTPAAbHBIM
KO3(hPUIMEHTOM M3AYYEHUsI) U COCTOSHUS CPEAbI pac-
IIPOCTPAHEHUsI U3AYYEHHSI OT 0OBEKTa A0 TepMOMeTpa
(HaAMUME TIBIAM, AOJKAS, TYMaHa, a TaKyKe IIOTAOIIEeHHe
U3AYUEHHUsI aTMOChepHBIMU razamu) [9—11].

B TeopeTuyeckoy MAOCKOCTU 3(PPEKT BAUSHUS 110-
TAOIIIEHHS TEIIAOBOTO M3AYYEHUs IIapaMU BOABI, BXO-
MINUMH B COCTaB aTMOC(epHl, Ha Pe3yAbTaThl Oec-
KOHTAaKTHOTO W3MepeHMus TeMIepaTypbl W3BECTeH
AOCTaTOUYHO AaBHO [7]. TeM He MeHee TPUHSTO CUU-
TaTh, YTO INOAOOHLIM BAMSIHMEM MOJKHO IIpeHeOpedub,
0COOEHHO TIPY NPOBEACHUM HW3MEpEeHHN Ha KOPOTKUX
puctaHnuax (Ao 3—95 M). IlosToMy B HaydyHOM AUTe-
parype INPHUBOAATCS, KaK IIPAaBUAO, TOABKO KpaTKHe
OPMEHTHUPOBOYHBLIE CBEAEHHs 00 ypPOBHE AAHHOM CO-
CTaBAsifolled morperrHocTu [6, 8]. OapHaKO mpepBapu-
TEABHO IIPOBEACHHBIE MCCAEAOBAHUS ITOKA3BIBAIOT, UTO
B YCAOBHSAX IIPOMBIIIAEHHOCTH 3TOT 3(PPEeKT MO’KeT
IIDUBECTH K 3aBEAOMO HEAOCTOBEPHBLIM pe3yAbTaTaM,
OCOOGEHHO €eCAM OOBEKT HAXOAUTCS Ha PaCCTOSHUU
10 m u Goaee [12—13].
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SAEKTPOHUKA, ®OTOHUKA, NMPUBOPOCTPOEHUE U CBS3b

Takum o6pa3oM, 3apada ATAaABHOTO MCCAEAOBAHUSI
TOTPEIIHOCTY OeCKOHTAKTHBIX H3MEepeHUHN TeMIlepa-
TypBl, BBI3BAHHOM HEYCTPAHHUMBIM BAHMSHHEM IIOTAO-
LIeHUd TEIIAOBOTO M3AYyYEHUs aTMOC(epHBIMU ITapaMu
BOABI, SIBAeTCSI aKTyaAbHOU. [ToMuMMO Bcero mpodero,
5TO MO3BOAUT BBIPAOOTATh PEKOMEHAAIIMHU 110 ITOCTpoe-
HHUIO MHTEAAEKTYaAbHBIX MUPOMETPOB (TEIAOBU30POB)
YCTOMYMUBBLIX K AQHHOMY AECTAaOUAM3UPYIOLIEMY (aK-
TOpY.

Onucanne npodaemMbl. C TeOpPeTUUYECKOM TOUYKH
3peHus1, Iporecc OeCKOHTAKTHOTO H3MepeHHus TeM-
nepaTypel MOJKeT OBITh ONHNCAH TaK Ha3blBaeMOU
PaArOMEeTpHUYECKON  (IUPOMETPUUYECKOM) I[eIOYKOU
[7], xKoTopasi mpeaCTaBAsieT COOOM MOAEAB TEIIAOBOTO
B3aUMOAEUCTBUS MeXXKAY OOBEKTOM HAOAIOAEHUs (UC-
TOYHUKOM TEIIAOBOTO HU3AYYEHUSI) U U3MEPUTEABHBIM
CPEACTBOM (IMPOMETPOM WAU TEIIAOBHU30POM) C yue-
TOM BAWSHUS BHEUIHUX U BHYTPEHHUX AeCTaOUAU3UDPY-
omUX (PaKTOPOB. AeTaAbHBINM TEOPETHUYECKUM aHaAUu3
TUIIOBOM PAAUOMETPUYECKOMN [eIOYKU OBIA IIPOBEAECH
paee [10—11]. CaepyeT 0CcOOO OTMETHUTH, YTO AdAKe
B UAECAABHBIX YCAOBHUSIX 3@aBUCUMOCTE MEXKAY COOCTBEH-
HOM TeMIlepaTypoy 0ObeKTa U CIeKTPaAbHOM XapaKTe-
PHUCTUKOMN ero UH(MPAKPACHOI'O (TEIIAOBOI'0) U3AYYEHUSA
UMeeT AOCTATOUYHO CAOJKHBIM XapaKTep, MNOAUMHSACH
3akoHy [TraHKa. OTO IPeAOCTaBASET YHUKAABHYIO BO3-
MOJKHOCTb IIAPAAAEABHOM PETruCTpaluUd  U3AYYEHUS
B HECKOABKHMX CIIEKTPAABHBIX MHTEPBAAAX C IIOCAEAY-
IOIIUM BBIUMCAEHHEM 3HauUeHUsl TeMIepaTyphl 0ObeKTa
IO COOTHOIIEHUIO CUTHAAOB OTAEABHBIX H3MEPHUTEAb-
HBIX KAHAAOB (METOABI MHOIOKAHAABHOW WAU CIIEK-
TparbHOU mmpoMmetpuH) [8, 13]. Takum obpasom, Teo-
peTudyecKy BO3MOJKHO IIOAYUUTH OIJeHKY TeMIIePATypPHI,
WHBApUAHTHYIO K DPSAAY AECTaOUMAU3UPYIOMIUX (PAKTO-
pOB, HallpUMep — UHTErpaAbHOMY KO3(PMULNEHTY 13-
Ay4eHUs 0ObeKTa.

Kak OBIAO TIOKa3aHO BHIINIIE, OAHUM U3 TOTEHIIU-
aAbLHO HEYCTPAHWMBIX BHENITHUX AECTaOUAN3UPYIOITUX
(aKTOPOB ABASIETCS TOTAOIEHHe MHPPAKPACHOTO M3-
Ay4eHHUsI BOASHBIM IIapOM, COAeprKallluMcsl B aTMocde-
pe. OcHOBHasg CAOKHOCTb IIPOTHUBOAEHCTBUS AQHHOMY
daKTopy CBsI3aHa C TeM, UYTO CIeKTpaAbHas XapakKTe-
PHCTUKA IOTAOLIEHHS BOAAHOIO Ilapa HMeeT cCylle-
CTBEHHO HEAWHENHYI0 (DOPMY CO MHO’KECTBOM AMHUU
¥ TIOAOC TIOTAOIIEHMSI pa3HOM IMUpUHBI (puc. 1). [Npu
5TOM YPOBEeHBb IOTAOIIEHHS (IO aHAaAOTMU C 3aKOHOM
Byrepa—Aamb6eprta—Bepa AAf pacTBOpPOB) 3aBUCHUT
KaK OT AAMHBI ONTHUYECKOTO IIYTU MEJKAY OOBEeKTOM
U IUPOMETPOM, TaK M OT AOCOAIOTHOTO COAEPIKAHUA
IIapOB BOABI B aTMOC(pepe, U4TO, B CBOXO OYepPeAb, MOJKET
OBITH OINPEAEAEHO uepe3 OTHOCUTEABHYIO BAAKHOCTH
U TeMIlepaTypy Bo3ayxa (cpearl) [7]. Kpome Toro, xo-
pOIIIO M3BECTHO, YTO C POCTOM TeMIlepaTyphl BO3AY-
Xa ero IOTeHIIMaAbHash BAAQTOEMKOCTh YBEAMUMBAETCS
10 3KCIIOHEHIIMAaAbHOMY 3aKOHY [14]. Bce arto cBu-
METEABCTBYeT O HEBO3MOJKHOCTU IIOCTPOEHHS OTHO-
CUTEABHO IIPOCTOM MOAEAM ydeTa BAUSHHUSA AAHHOTO
daKTopa, KoTopas Oblra OBl apeKBaTHA PeaAbHBIM yC-
AOBHUSIM B IIUPOKUX Ipeperax [12].

B mayuHO# AuMTepaType, KakK IPaBUAO, OCHOBHOMU
MeTOpA OOpPLOBLI C BAMSHHEM IIOTAOIIEHUS BOASHOTO
rnapa CBS3BIBAIOT C «ONTHMMAABHBIM» BBIOOPOM CIIEK-
TPaABHOTO AMAlla3oHa YYBCTBUTEABHOCTU IIPHEMHHKA
U3Ay4YeHHsI BHEe OCHOBHBIX IIOAOC IIOTAOINEHHs IIapoB
BOABI [6—8]. OpHAKO, KaK XOPOIIO BUAHO M3 aHaAU3a
rpaduka puc. 1, pa’ke IpU IIPOBEACHUM H3MEpeHUuM
Ha OTHOCUTEABHO HeOOABIIMX PACCTOSHMUAX, Ha COOT-
BETCTBYIOIIEN CIEeKTPAaABHOU XapaKTePUCTHKe IIPOITy-
CKaHMsA aTMocdephl HET AOCTAaTOYHO IIUPOKOTO UHTEP-
BaAQ, IOAHOCTBIO CBOOOAHOIO OT IIOAOC IIOTAOLIEHUS

OTHOCUTENBHEIH HOHBULMEHT NPONYCHAHWA
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AnrHHa BoNHbI, MKM

Puc. 1. OTHOCUTEABHBIN KO3 UIeHT NponyCKaHust
aTMocdeps! (KOHIEHTpaus mapos BoAsI 11,5 r/m?,
AMCTaHIMS u3MepeHus 15 m)

BOABI (moppMamna3oH 3,5..4,5 MKM Tak)ke He MOJKeT
CUUTATBCSI B AOCTATOYHOW CTENEeHU IIPOTIKEHHBIM).
Takum oOpa3oM, NpUMEHeHHEe B KOHCTPYKIUMU IIPpHU-
Oopa OTHOCHUTEABHO IIMPOKOIIOAOCHBIX YYBCTBUTEAb-
HBEIX JAEMEHTOB OyAeT aBTOMAaTU4YeCKU IIPUBOAUTH
K BO3HUKHOBEHMIO AOMNOAHUTEABHOU IIOTPENIHOCTH
cMmellleHUsl. B caydae >Ke MCIIOAB30BAHUS y3KOIIOAOC-
HBIX NPHUEMHHUKOB M3AYUEHHUs OCHOBHOU IIPOOAeMOMU
CTQHOBUTCSI YXYAILIEHHE IIOPOTOBOU YyBCTBUTEABHO-
CTH, BBI3BaHHOE CYIECTBEHHBLIM yMeHBIIeHUeM JHep-
TMU CATHAAQ IO CPABHEHUIO C IIIyMaMU IIpUeMHUKA W3-
Ay4YeHUs (OTHOIIEHWEe CUTHAA/IIyM), PelsATCTBYOIee
KaueCTBEHHOMY IIDOBEAEHUIO U3MepeHHuU (pocTy He-
OIIPEAEAEHHOCTH) AASI OTHOCUTEABHO HH3KOTeMIlepa-
TYPHBEIX OOBEKTOB [13].

ITocranoBka 3apaum. OcHOBHasi IleAb AQHHOM pa-
OOTBI 3aKAIOYAeTCsI B OINPEACACHUU (IIyTeM AeTaAb-
HOI'O MOAEAMPOBAHWSA) OPUEHTHPOBOYHBIX 3HAYEHUU
IOTPENIHOCTU PEe3YyAbTATOB OECKOHTAKTHBIX TeMIlepa-
TYPHBIX W3MEPEHUY, BBI3BIBAEMOU BAWSHUEM IIOTAO-
IeHns WH@PPAKPACHOTO M3AyUYeHUs OOBeKTa aTMOC-
bepHBIMU ITapaMU BOABI AAS AMAlla30HA TeMIepaTyp
ob6bekra 100—600 °C B HOPOMBIINIAEHHBIX YCAOBUSX.
[Tpepraraerca paccMoTpeTb 4 HM3MepUTEAbHBIE CHU-
Tyallud, KakKAasd U3 KOTOPBIX XapaKTEepU3yeTcs yHU-
KAaAbHOU WMHTEHCHUBHOCTBIO IIOTAOIIEHUS, IIOCTEIIEHHO
YBeAUUYUBAIOLIENCSa OT CUTyalluM K CUTyanuu. Takum
00pa3oM, IpeAloAaraeTCsl MIOATBEPAUTL YTBEPIKAEHUE,
BBICKa3aHHOe B pabote [12], o ToM, UTO pa’ke Ha AUC-
TaHuax 1 —10 M HeAb3sT UTHOPUPOBATH AQHHYIO CO-
CTaBAAIOILILYIO OOIel IIOIPeIIHOCTH TUPOMETPUYECKUX
U3MepeHuH.

AOCTU’KeHHe IIOCTaBA€HHOU IeAM IIpeAllOAaraeT
pa3paboTKy MOAEAU PAaAMOMETPUYEeCKOM IelOYKH, Ka-
YEeCTBEHHO YUYMUTHIBAIOWIEe 3(M@PEKTbl MOAEKYAIPHOI'O
MOTAOLIEHUS UH(PAKPACHOIO U3AYUEHHUS BOAAHBIM I1a-
POM B PA3AMYHBIX y4aCTKaX CIeKTpa. DTO AOCTUTAETCS
ucnoAabzoBaHueM 6a3bl AaHHBIX HITRAN, copepskatent
B BBICOKOU CTelleH! aAeKBATHOE OIMCAaHUe MOAEKYASIp-
HBIX AUHUM HoraoineHus razoB B VMK-auanazone [15].
C 11eAbl0 BBIPAaOOTKH PEKOMEHAAIMU 110 OITUMaAb-
HOMY BBIOODY AQTYMKOB AAS PEIIEHUs ONPEeAEACHHOU
U3MEPUTEABHOM 3apa4d B pabOTe HCCAeAyeTCsS BO3-
MOJKHOCTb IIpHMeHeHHs 11 BapHaHTOB NPHUEMHUKOB
HU3Ay4eHUs, II0 CBOMM IlapaMeTpaM COOTBETCTBYIOIIUX
dororarrBaHmYeckoMy dreMeHTy (D3O-724 (IpPOM3BOA-
crBa AO «HWM «T'mpuxkonp») [16—17] ¢ AomoAHHU-
TEeABHO YCTAaHOBAEHHBIMHM ONTHYECKUMU (PUALTPAMU,
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Puc. 2. CIIeKTpaAI)Hl)Ie XapaKTePUCTUKHU YYBCTBUTEABHOCTH paCcCMaTpUBA€MbIX KaHAAOB
perucrpanyuu U3Ay4YeHUust

dopmupyromuMu 11 yHUKAABHBIX CIIEKTPAABHBIX Xa-
PAKTEPUCTUK YyBCTBUTEABHOCTH.

Onuncanne MoApeAn. lcmoab3yemas B paMKax AaH-
HOM paboThl, II0 aHaroruum c [18], MaTemaTuueckas
MOAEAb  PaAMOMETPUUYEeCKON IelouKUd OasupyeTrcs
Ha CAeAYIOIIeM aHAaAUTHUUYeCKOM BBIPa’KeHUHU, ITO3BOAS-
IOII[eM OIPEAEAUTH 3HaUeHMe CUTHaAa Ha BBEIXOAE CXe-
MBI OOpabOTKM CUTHAAd YYBCTBUTEABHOI'O 3IAEMEHTa
nupometpa s(T) Ipu ycAOBUH, UTO TeMIleparypa OO0b-
ekTa paBHa T:

Kasax
s(T)=K- [G(\.T)-F(rd, T, ¢)- D(\)d + ngr (1)

A

MIN

rae K — 06006111eHHBIN KO (PUITUEHT ITpeoOpa3oBaHUsA
cxeMbl 0OpaboTku curHara; G(A,T) — cmekTpasbHas
TIOBEPXHOCTHASI MMAOTHOCTE IOTOKA M3AYUEHUSI OOBHEK-
Ta («4EepHOTO TeAa»), ONMMChIBaeMasi 3aKOHOM [IraHKa
[7] m MopeAupyeMas B IpeApeAax AUalla30Ha AAMH BOAH
oT Ay = 1 MKM pO A, = 5 MrM; F(A,T, @) — crek-
TpaAbHasi XapaKTepPHUCTUKa NPONYyCKaHMUsA aTMOCKheph
(d — paccrosgHue MeKAy OOBEKTOM M IHUPOMETPOM,
T, — TemmepaTypa BO3AYXa; @ OTHOCHUTEABHAs
BA@KHOCTD); D(A) — cmekTparbHasi XapaKTepHUCTHKA
YYBCTBUTEALHOCTH TIPUEMHUKA U3AYYCHUS; Ny — CAY-
yaliHasl BeAWYMHA (C HYAeBBIM CPEAHUM 3HaueHUeM
U CPEAHEKBAAPATUYECKUM OTKAOHEHUEM G, ), XapaKTe-
pusylolas COOCTBEHHBIM ITyM IPUEMHHUKA U3AyUeHUs
U cucTeMbl 00pabOTKHU.

Kak y»xe 6BINO YIIOMSIHYTO, AT AA€KBATHOTO MOAE-
AVPOBAHUSA CIEKTPAABHOU XapaKTePUCTUKHU IIPOITyCKa-
HHUs OblA@ MCIIOAB30BaHa 0a3a AQHHBIX MOAEKYASIPHOMU
cnekrpockonuu HITRAN («line-by-line»), sBasgiomas-
Ccsl Ha TEKYIIUH MOMEHT BCEMHPHBIM CTAHAAPTOM AAS
pacueTa U UCCAeAOBaHUA 3(PPEKTOB IIPOITyCKAHUSA aT-
MOC(EepHBIMHA Tra3aMHM JAEKTPOMArHUTHOTO W3AYYEHUS
B AUanas3oHe OT MUKPOBOAHOBOU AO YABTPaPUOAETO-
BOU obaactu crnekTpa [19]. PeaanzoBanHas Ha ee oc-
HoBe B cucrteMe MATLAB MOAEAB IIO3BOASIET C BBICO-
KOM CTEIeHBIO TOYHOCTU y4eCTb (PAKTOP IMOTAOLIEHUSA
MK-u3aryueHuss oObeKTa BO BCEM pacCMaTpPUBAEMOM
AUalla3oHe AAMH BOAH C BO3MOJKHOCTBIO BAPUATHUBHOIO
3a)aHUA TapaMeTpPOB PapUOMEeTPUYEeCKOU IeNOoYKH (d,
T, ¢). HeTelpe paccMaTpuBaeMble B AQHHOM HCCACAO-
BaHUU U3MePUTEeAbHBbIE CUTYaIlUM XapaKTepPHBI AAS YC-
AOBUM IPOMBIIIACHHOCTH U Pa3AUYaloTCs MHTEHCUBHO-
creio moraomienust: 1) d = 2wm, T, = 20 °C, ¢ = 40 %

(KoHIIeHTpaIMs MapoB BOABI 6,92 r/M%); 2) d = 5 M,
T, = 25 °C, ¢ = 50 % (KoHIeHTpAlUsI MApOB BOABI
11,5r/m); 3)d = 15m, T, = 30 °C, ¢ = 60 % (kon-
IeHTpalus Iapos BOAbL 18,2 r/M); 4) d = 25 M, T, =

=40 °C, ¢ = 75 % (KOHIeHTpalus I[apOB BOABI
38,4 r/m%). T'pacduk, M300pa>keHHBIM Ha YIOMSHYTOM
paHee puc. 1, sBAgeTcsl UAAIOCTPAIlUel BO3MOKHOCTeN
pearn30BaHHONM MOAEAHW, TaK KaK OBIA IOAYUEeH C ee
HUCIOAB30BaHHUEM, IIPU 3TOM BBIUUCACHHAS XapaKTepHu-
CTHKa B IIOAHOUW Mepe COOTBETCTBYeT AQHHBIM, IIPEA-
CTaBAEHHBIM B Hay4YHOM AMTepaType [6, 7, 14].

AAST MOAEAMPOBaAHMSA CIIEKTPAABHOM XapaKTepUCTHU-
KU YyBCTBUTEABHOCTH NpUEMHHKA M3AydeHuss OO-724
(TOCTPOEHHOTO Ha OCHOBE CEeAeHHAA CBUHIIQ) OBIAU
HUCIIOAB30BAaHBl OKCIEepPUMeHTaAbHBIe AQHHBIE, OIIyOAH-
KOBaHHBIe NpousBopuTereM [17]. B ToMm umcae ObIAU
QHAAMTHYECKU OIMCAHBI XapaKTEePUCTUKU OINTHYECKUX
(UABTPOB, pasMelllaeMBIX IlepeA AATUUMKOM M II03BO-
ASIOIIMX TOAYYMTH 11 BapMaHTOB NOCTPOEHUS H3Me-
PUTEABHBIX KQHAAOB CO CAEAYIOIIUMM OOAACTIMU UyB-
CTBUTEABHOCTHU (110 ypoBHIO 50 %): 1) 2,95...3,03 MKM;
2) 3,01..3,14 mxym; 3) 3,18..3,23 mkym; 4) 3,194...3,327
MKM; 5) 3,18...3,4 mkwMm; 6) 3,25...3,38 mkMm; 7) 3,25...3,54
MkyM; 8) 3,51..3,65 mkmMm; 9) 3,82...3,96; 10) 4,21...4,41;
11) 2,6...4,2 mxM. [TocrepHUM U3 IEePEUNCAEHHLBIX MIPU-
emHUK usaydenus ([1M) caepyeT cunuTaTh HMIMPOKOIO-
AOCHEIM, OCTaAbHBIEe — Y3KOIIOAOCHBIMH. Ha puc. 2
B CpaBHEHHM M300pa’keHbl XapaKTEePUCTUKHU YyBCTBU-
TEeABHOCTH BCeX PACCMATPUBAEMBIX ONTHYECKHUX KaHa-
AOB PerucTpaluy U3AydeHUs.

B peanbHBIX YCAOBUSIX BBIYMCAEHUE 3HAUYeHUS
OIIeHKU H3MepsieMON TeMIlepaTyphl IUPOMEeTPOM IIPOo-
UCXOAUT Ha OCHOBE IIPEABAPUTEABHO OIIPEAEAEHHBIX
MM KOHKPETHOrO npubopa KaAnOpPOBOYHBIX XapaKTe-
PHUCTUK, PETUCTPUPYEMEIX, KaK IIPaBUAO, B AabopaTop-
HBIX YCAOBUSIX C MCIOAB30BAHHEM MOAEAU abOCOAIOT-
HO 4yepHOTro Tera (AYT). AHAAOTHMYHBIM 00pPa30M, AAS
Ka’kA0ro m3 11-Tm BapUMaHTOB M3MEPUTEABHOIO KaHaAa
OBbIA@ CMOAEAMPOBaHA CBOSI YHUKAAbHAs KaAUOPOBOY-
Hasg 3aBHUCHMOCTBL B AMalaszoHe TeMmieparyp oT 50 Ao
650 °C, npu 3ToM AabOpaTOpHBIE YCAOBUSL XapaKTepu-
30BaAMCh CAEAYIOIIMMHU IlapaMeTpaMU papuoMeTpude-
ckom memnouku: d = 0,5 m; T, = 22,5 °C; ¢ = 50 %
(koHIIeHTpanus mapoB BOAbI 10 r/m3).

AeTarbHasi 9KCIIepUMeHTaAbHas IpoBepKa apAeKBaT-
HOCTH NIPEANOKEHHON MOAEAU 3aTPyAHEHA 110 IIpUYNHe
CAOJKHOCTH BOCIIPOM3BEAEHUS B AaOOPATOPHBIX YCAO-
BUAX OOABIIMHCTBA pPACcCMaTPUBAEMBIX U3MePUTEAb-
HBIX CHTyallUlM, HO 4aCTUYHO BO3MOJKHa B AMAala3oHe
temueparyp 300 — 500 °C Ha HeOOABIIUX PACCTOSTHUAX.
AASL IDOBEAEHUST U3MePEeHUN OBIA MCIIOAB30BAaH IIUPO-
METPUYECKUN MOAYAbL B COCTaBe J3KCIIEPUMEHTaABHOU
ycTtaHoBKU [20], coapepsKaliuil NPUEMHUK U3AYUEHUS
C XapaKTepUCTHKaMM, OAU3KHUMU K 11-My paccMaTpu-
BaeMOMy KaHaay, a Takke AUT «Mepes» IpOU3BOA-
crBa OOO «HITA «Metponup», r. CaukT-IleTepOypr.
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Tab6auna 1

CpaBHeHHEe Pe3yAbTaTOB MOAEAUPOBaHUS U3MEPUTEABHON CUTYyalUH C pe3yAbTaTaMH SKCIEePUMEeHTa

MOAEAVPOBAHUWE OKCIIEPMMEHT
TemnepaTypa o6bekTa, °C Pac‘;f;;;fe:s;a? SHHH Temnepatypa AYT, °C INokazanusa nupometpa, °C
480 474,84 480 = 0,8 4750 = 0,15
450 445,45 450 = 0,8 4453 = 0,18
400 396,38 400 = 0,8 3958 = 0,25
350 3472 350 = 0,8 346,9 = 0,3
300 2979 300 = 0,8 2977 £ 0,45

OnTrueckre XapaKTEPUCTUKM NHUpOMeTpa ¢ KOH-
crpyknusgs AUT mO3BOAAIOT 00eCHeYuTh TOUHYIO (o-
KYCHUPOBKY AASI IDOBEAEHUs U3MePeHUM C pacCTOSTHUN
AO 5 MeTpoB. [Ipu npoBepeHUN dKCIIEpUMEHTa llapame-
TPBl PAAMOMETPUYECKOU IIeIIOYKU OBIAU YCTAHOBAEHBI
(TOAAEPIKUBAAUCH) CAEAYIOIIUM oOpa3oM: d = 4,5 M;
T, = 27 °C; ¢ = 40 %; T = 300, 350, 400, 450,
480 °C. TloaydyeHHBIe OJKCIIepUMEHTaAbHBIE AAHHEBIE
U pe3yAbTaThl MOAEAUPOBAHUSA U3MEpPUTEABHOU CUTYya-
LIMU C COOTBETCTBYIOIIUMU IlapaMeTpaMU IPUBEAEHEI
B TaOA. 1, CDABHUTEABHBIN aHAAU3 KOTOPBIX IIO3BOASET
CAEAATh BBEIBOA O AOCTATOUYHOM CTEIIeHW aAeKBaTHOCTHU
TIPEANOSKEHHOW MOAEAUW PAAMOMETPUYECKON ITeIIOYKU.
Kpome TOTO, B pe3yabTaTe IPOBEAEHHOTO 3KCIIepUMeH-
Ta OBIAO OlleHEeHO YHCA€HHOe 3HaueHHe COOCTBEHHOIO
urymMa o, , HeOOXOAMMOE AASL MOCAEAYIOUTUX PAaCyeToB
CAYY9aMHOM COCTaBASIIOINIEM MOTPEINTHOCTH ITHPOMETpU-
YeCKUX U3MEpPEeHUU AAd Beex 11-Tu paccMaTpuUBaeMBIX
KaHAaAOB.

PesyabTaTtel MoAeAnpoBaHus. OCHOBHas IleAb MO-
AEAUPOBAHUS 3aKAIOUAAACh B OIPEeAEAeHUU 3HaueHUs
CHCTEMATUUYEeCKON IOTPEIIHOCTH (CMelleHus) H3Me-
peHul, IPOBOAUMEBIX C HCIIOAB30BaHHEM OAHOKAHAAb-
HOTO IMPOMETPA, a TaKKe OPUEHTHPOBOYHOM OIleHKEe
CAY4YaMHOM! ee COCTaBASIOUIeM (CTaHAAPTHOMW HeolIpe-
MAEAEHHOCTH) AAST 11-TH pacCMOTPEHHBIX CIEKTPaAb-
HBIX KAHAAOB PErucTpaluy M3AYYeHUs B YCAOBUSIX
YeThIpeX OIMCAHHBIX BBINIE M3MEPUTEABHBIX CUTyalun
IpU M3MEHEeHWH TeMIlepaTyphl OObeKTa B AMalla3oHe
ot 100 po 600°C. B KauecTBe aHAAUTHUYECKOU MOAEAU
PapuMoOMEeTPUYECKOM IeMOYKU OBIAO MCIOAB30BAHO BHI-
paxxenue (1). Mcxoapa u3 oOIed LleAu UCCAEAOBaHWUS,
BAUSIHME Ha Ppe3yAbTaT U3MepeHUs] HeUAeaAbHOCTHU
M3AYYaTEABHOU CIIOCOOHOCTH IIOBEPXHOCTHU OOBEKTQ,
a Takxke addeKTa paccegHUs HU3AyUYeHHUs arMmocdep-
HBIMU a3PO30ASIMU HE YUUTHIBAAOC.

Ha puc. 3 npuBeapeHbl rpadyKy 3aBUCUMOCTHU I10-
TPEIIHOCTH CMellleHUsi OT TeMIlepaTypbl OOBeKTa AAS
11-ro (WIKMPOKOIIOAOCHOIO) IIPUEMHUKA U3AyYEeHU
(obAacTh YyBCTBUTEABHOCTH: 2,6...4,2 MKM). XOpoIIo
BUAHO, YTO 3aMETHBIM POCT AQHHOM COCTaBASIONIEN II0-
rpemrHocTy HabAIOAQeTCsl ¢ yBeAwdeHUeM T, a TakKe
C yXyAllleHWeM YCAOBUU U3MepeHUs (NP MOBHIIIEHUN
KOHIIEHTpallul BOAJAHOTO Ilapa W/UAW yBEAWYeHHUU
paccTtosHus OT 0oO0BeKTa A0 mmpomertpa). [lpu sTowm,
€CAU AN NIEPBOU M3MEPUTEABHOU cuTyanuu (d = 2
M, TA = 20 °C, ¢ = 40 %) 3HaYeHHUE IIOI'PELIHOCTU
OCTaeTCsl B IIeAOM IIpUEMAEMBIM (He mpeBbinaeT 6 °C),
TO B CAy4ae OOAee CAOJKHBIX YCAOBHM, @ OCOOEHHO —
AASL UeTBePTOU HM3MepUTeAbHOM cuTyanuu (d = 25 M,
T, = 40 °C, ¢ = 75 %) — IOrpeuIHOCTb IIpeBHIlIa-

A
eT Kpurudecku#l yposeHb B 10 °C yyKe HaumHas

c T = 250 °C, pocruras B makcumymMme 52 °C (npu T =

= 600 °C). OTO TOATBEp>KAAeT BBLICKA3aHHOE paHee
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Puc. 3. CucremaTuyecKasi MOrpenrHoCTh U3MepeHun
(3A€eCh U Aanee: YMCAO mepep CKOOKOM — HOMEP CIIEKTPAaAbHOM
XapaKTepPUCTUKHN NMPUEMHUKa M3AY4YEHHUSsI, YUCAO B CKOOKax —

HOMEp M3MEePHUTEABHO CHTyanuu)

IIPEATIOAOKEeHHe O HeOOXOAUMOCTH 00sS3aTeAbHOTO
ydeTa BAUAHUA 3(@eKTa MOTAOLIeHUsI U3AYYEeHUs aT-
Moc(epHBIMH Tra3aM{d IpU IPOBEACHHH OeCKOHTaKT-
HBIX TeMIIEPATyPHBIX U3MEePEeHUN C PACCTOSTHUM, OOAB-
mmx, yem 5— 10 M.

AHanormyHble rpaduKH, OTpakaloliue IOBeAeHUe
CUCTeMaTU4YeCKONW COCTaBASIONIEN IIOTPEIIHOCTH AAS
Bcex 11-Tm paccmMaTpuBaeMbBIX KAHAAOB pPerucTpanuu
U3AYyYEHUs IIPU YCAOBHUM YETBEPTOU U3MEPUTEABHOU
CUTyalluy, IIOKa3aHel Ha puc. 4. OOpallaeT BHUMA-
HHUe, YTO y TpeX Y3KOIOAOCHBIX IIPUEMHHKOB HU3AY-
yeHusa: 8-ro (3,51..3,65 mkMm), 9-ro (3,82...3,96 MxKwMm)
u 10-ro (4,21...4,41 MKM) BeAMUMHA CMEIEHUs OCTaeT-
Csl He3HAUYUTEALHOU Aa’Ke IIPU BHICOKOM YPOBHE BA@K-
HOCTH aTMocdepsl. OTO OOYCAOBAEHO OTCYTCTBUEM
B COOTBETCTBYIOUINX CIIEKTPAALHBLIX WHTepBarax 0o0-
Aee-MeHee WHTEHCUBHBIX AMHWH W IIOAOC IIOTAOIIEHMUS
apoB BOABL. K Hanboaee HeOAATOIPUATHBIM Pe3yAbTa-
TaM NPUBOAUT HCIIOAB30BaHUE B KaHaAe PerucTpanuu
U3AYUEHUsI Y3KOIOAOCHBIX INPUEMHUKOB, CIEKTPaAb-
Hasg XapaKTepHUCTHUKa YyBCTBUTEABHOCTH KOTOPBIX
CMellleHa B KOPOTKOBOAHOBYIO 00OAacTh: 1-ro (2,95..
3,03 mxwm); 2-ro (3,01...3,14 mxm); 3-ro (3,18...3,23 MKM);
4-ro (3,194...3,327 MKM). OTHOCUTEABHO IIpHUEMAEMbIe
pe3yAbTaThl AeMOHCTpUpyeT 11-1 (IIMPOKONIOAOCHBIN)
NPUEeMHUK U3Ay4eHHs U 7-U Y3KOIOAOCHBIM (3,25...
3,54 MKM).

HeckoabkO mHag KapTHHaA HAOAIOAQETCSl IIPU pac-
CMOTPEeHMHU IOTPEITHOCTH CMelleHNUs, IPOSIBASIONIeNCs
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Puc. 4. CucremMaTuyecKasi MOrpelIHOCTh M3MepeHu
B HAUXYALIMX YCAOBHSX (M3MepuTeAbHas curyauus Ne 4)
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Puc. 5. CucreMaTnyeckasi IOrpelIHOCTh U3MepeHuil
B HAUAYYIINX YCAOBHSAX (M3MepuTeAbHas curyanust Ne 1)

B YCAOBUSAX II€PBOM U3MEPUTEABHON CUTYyalluu (pHUC. 5).
Ha paHHOM pHCYHKe He IpUBEAEHbI rpaduKu AN 8-To,
9-ro u 10-To KaHAAOB, TaK KaK pacueTHLBIM YPOBEHbL UX
MOTPEelIHOCT MuHHMMaAeH (He mnpesbeimaer 0,01 °C).
B ykazaHHOM caAyyae (IpPU YCAOBUU OTHOCUTEABHO
YMepEeHHOTO MOTAOLIeHNUS U3AYUeHUs BOAIHEIM IIapoM)
K HauOOABIIeN IOrPellHOCTA CMeIleHus IIPUBOAUT
UCIOAB30BaHUE IIUPOKOIOAOCHOrO (11-ro) mpuem-
HHKa B COCTaBe M3MEPUTEABHOTO KaHanra IHPOMeTpa,
TOTAQ KaK IIpUMeHEeHHe Y3KOIOAOCHBIX UyBCTBUTEAD-
HBIX DAEMEHTOB CHIKAeT AQHHYIO COCTaBASIIOIIYIO IIO-
rpemHocTd A0 ypoBHda 1 °C u HumKe. TakuM o6pasoM,
yXyAllleHle YCAOBUHN M3MepeHUs (B IMAaHe yBeAUUeHUs
CTelleHU TIOTAOIIeHUs] U3Ay4YeHUsI aTMOC(hepHBIMU IIa-
paMu BOABI) B HAWMOOABIIEU CTEIEHU OTPa’kaeTcs Ha
U3MEPUTEABHBIX KaHaAaX, COAEPIKAIUX Y3KOIIOAOCHEIE
TIPUEMHUKY, CIIeKTPaAbHBIE XapaKTePUCTUKY YyBCTBU-
TEeABHOCTH KOTODBIX PACIOAOXKeHBI B oOaactu 2,9..
3,5 MKM.

AHaAM3 TOTPelIHOCTH IHUPOMETPUYECKUX H3Me-
peHHul OKa3bIBaeTCsI HENOAHBIM 0e3 MCCAeAOBAHUS
ee CAy4YallHOM COCTaBASIONIEN (CTaHAQAPTHOU HeoIIpe-
MAEAeHHOCTH), Pe3yAbTAaTbl MOAEAMPOBAHHSA KOTODOU
B CpaBHEHUU IIOKa3aHbI Ha puc. 6 m puc 7. Kak cae-
AyeT M3 TeOpHU, HeOIPEeAeAeHHOCTh OeCKOHTAaKTHBIX
TeMIIepaTypHBIX H3MepeHUM (00yCAOBAEHHas B AaH-
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Puc. 7. CayyaiiHas IOTPENIHOCTh U3MePEHUIl B HANXYAIINUX
ycAoBUSX (M3MepuTeAbHasi cuTyanus Ne 4)

HOM CAydYae COOCTBEHHBIMM IIIyMaMH YyBCTBUTEAB-
HBIX 9A€MEHTOB U CUCTeMBI 00pabOTKM) 3aMeTHO CHHU-
>KaeTcsl C POCTOM TeMIlepaTypbl OOBeKTa BCAEACTBHE
TIOBLIIIIEHNST COOTHOIIEHUs cUrHaA/myM. [lpm sToM
CTOUT OTMETHUTh, UTO AAS WU3MEPUTEABHBLIX KaHaAOB
c ucnoabzoBanueM 8-ro, 9-ro u 10-ro y3KOMOAOCHBIX
IIDUEMHUKOB HM3AYyYEHUs IIOBEACHUE HEOIPEeAeAEeHHO-
CTH OCTaeTCsd MPaKTUUYECKW HEW3MEeHHBIM (He 3aBUCHUT
OT KOHII€HTpAllUM BOASHOTO IIapa), YTO BIIOAHE OOBSIC-
HUMO.

HampotuB — B cAydae nIpuMeHeHus 1-ro, 2-To,
3-r0 ¥ 4-rO YyBCTBUTEABHOTO JAEMEHTOB — YyXYAle-
HHME BHEIIHUX YCAOBUM IIPUBOAUT K 3aMETHOMY POCTY
CAYYaHOM COCTABASIOIIEN IIOIPEIIHOCTU («IIOAOTHE»
y4acTku TIpaduKoB B obOaacTu Temmeparyp 100—
200 °C oOyCAOBAEHBI OAM3OCTBIO HUJKHEM TI'pPaHUIIBL
AMarnaszoHa KaAMOpPOBKM IHpoMeTpa, pasBHoM 50 °C).
AAs IIMPOKOIIOAOCHOTO KaHaAa PErucTpaluyl HU3Ayde-
HUS TIOAOOHOE YBeAHYeHNEe YPOBHS HEOIIPEAEAEHHOCTH
HEe3HAaYUTEABHO.

BBIBOABI 1O pe3yAbTaTaM MoOAeAupoBaHmus. [lo-
CKOABKY IIOBEA€HUE CAYYaWHONW M CHCTeMaTU4eCKOMU
COCTaBASIONIUX IIOTPEIIHOCTY WU3MEpPEHUsI UMeeT AO-
CTATOYHO CAOJKHBIM M CYIIIECTBEHHO PAa3AMYHBIA XapakK-
Tep, TO IleAecO00pa3HO MO OTAEABHOCTH PAacCMOTPETh
Pe3yABTaTHI MOAEAMPOBAHUS AAST TPEX ITOAAMAIIa30HOB
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usMepsieMbIX TeMIlepaTyp oobekTa: 100 —200 °C, 200 —
400 °C, 400—600 °C.

Ansz OECKOHTAKTHBIX H3MEPEHHU TeMIlepaTyphl
B HM>KHeM noppuanazone (100—200 °C), mpexxkae Bce-
ro, CAepyeT OTMEeTUTh HEAOIyCTUMO BBICOKHU Ypo-
BEeHb CAYYaHOWM COCTABASIOIIEN IOTPEITHOCTU IIpHU
HUCIOAB30BAHUM Y3KOIOAOCHBIX IIPUEMHUKOB H3AyUe-
Husg. TakuM o6pa3oM, UX IpHUMeHeHHe B AQHHOM CAY-
4ae HeLeAeCOOOpAa3HO AAKe A IIPOBEACHUS U3Mepe-
HUM B YCAOBUAX, NPUOAMIKEHHBIX K AAOOPATOPHBIM.
C APYyTOI CTOPOHEL, A@>Ke B CAMOM CAOJKHOM U3 paccMa-
TPUBAEMBIX WU3MePUTEABHBIX CUTyallUM IOTPelIHOCTh
CMENIEHUsI AASI HIMPOKOIOAOCHOTO HW3MEPUTEABHOI'O
KaHana He mpesbimara 5—8 °C, 9YTO CBUAETEALCTBYET
O ero ONTHMAABHOCTH AAS AQHHOTO TIOAAMAIia30Ha W3-
MepsieMBIX TeMIIepaTyp.

Bepxuutt nopamamnazon (400—600 °C), HaAIpOTHUB,
XapaKTepu3yeTcsd HH3KHM YPOBHEM CAy4YaiHOU co-
CTaBASIIOIIEN IIOT'PEITHOCTU AASL BCEX PacCMOTPEHHBIX
AATYMKOB. B aTOM caydae, Hauboaee 1jerecOOOpa3HbIM
BBITASIAUT MCIIOAB30BaHME Y3KOIIOAOCHBIX IIPUEMHHUKOB
usaydeHud Ne 8 u Ne 9, cieKkTpaabHas XapaKTepUCTUKA
YyBCTBUTEABHOCTH KOTOPBIX A€KUT B 0OOAACTH, CBOOOA-
HOM OT IOAOC TIOTAOLIEHUS BOABI. VX oOIjas morper-
HOCTBL He IpeBbIlIaeT 2,5 °C pake B CaMOU CAOKHOU
U3MEPUTEABHOM cHuTyaluu. Torapa Kak I[IpUMeHeHHue
IIMPOKOIIOAOCHOTO HW3MEPUTEABHOTO KaHana MOJKET
IIPUBECTH K 3aBEAOMO HEAOCTOBEDHBIM pe3yAbTaTaM
NIpY ypPOBHE OTHOCUTEABHOMN BAQYKHOCTH BO3AYXa BHIIIE
50% m aucTtaHIUM u3dMepeHut 6oaree 5— 10 M.

Ocoboe BHUMaHHe INPUBAEKAIOT IIOAYYEeHHBIE pe-
3yABTATHl AAST AHMAlla30Ha M3MepsieMBIX TeMIepaTyp
200—400 °C, pAAg KOTOPOTO OAHO3HAYHO OIITUMAABLHOTO
pellleHus IO IMOCTPOEHUIO OAHOKAHAABHOT'O IIHMpOMe-
Tpa HaWTH He ypaeTcsa. HepoCTaTKOM HCIOAB30BaHUSA
Y3KOIIOAOCHEIX TpUeMHHUKOB Ne 8 u Ne 9 sBasgeTcs Ao-
CTAaTOYHO BBICOKMU YPOBEHb CAYYAMHOW ITOIPEIIHOCTH
(A0 10— 12 °C), a npuMeHeHNUe MHUPOKOIOAOCHBIX UyB-
CTBUTEABHBIX SAEMEHTOB IPUBOAUT K 3HAUYUTEABHOMY
POCTY HOTPEUIHOCTH CMeIeHUs B CAOKHBIX YCAOBUSX
(Ao 20-25°C). TloTeHIIMAABHO KOMIIPOMHUCCHBIM Bapu-
aQHT (AaTuuK Ne 7) TakKe He SABASIETCS YAQUHBIM pellle-
HHEeM II0 NPUYMHE CUABHON 3aBHCHUMOCTH ITOKa3aHUH
OT yCAOBHM m3MepeHHsda. TakuMm oOpaszoMm, Ooree-Me-
Hee KaueCTBEHHBIE Pe3yAbTATHl B 3TOM IIOAAMAIIa30HEe
MOJKHO IOAYYUTH TOABKO IIDU HPOBEAEHUM H3Mepe-
HUU B YCAOBHUSX, NPUOAMKEHHBIX K AAOOpPATOPHBIM,
UAM TIPU KUCIOAB30BAHUU CIIEIMAAU3UPOBAHHBIX aATO-
PUTMOB YCPEAHEHUs, YTO 3HAUYUTEABHO OTpaHWYMBa-
eT KpyT pellaeMbIX IPaKTUIeCKUX 3apad. OueBHAHO,
4YTO B AQHHOM CAyYae CAeAyeT IIOAPOOHO pacCMOTpPeTh
BO3MOJKHOCTb IIOCTPOEHUSI U3MEPUTEABHBIX NPUOOPOB
C HECKOABKMMU IIapaAAeAbHBIMU KaHaAaMH perucTpa-
WU U3AyIeHUS.

[lpy KUCIIOAB30BaHUM Y3KOIOAOCHBLIX IPHEMHHUKOB
U3AYYEHUS], IOMUMO PACCMOTPEHHOTO BHINIE BAVSHUS
1apoB BOABI, B 00A43aTEeABHOM IOPSIAKE HYKHO YUMTHI-
BaThb IIOAOCHI IIOTAOIIEHUS APYTHMX aTMOC(MepHBIX ra-
30B, KOHIIEHTPAIUs KOTOPBIX, OCOOEHHO B IPOMBIIII-
AEHHBIX YCAOBHSX, MOJKeT OBLITb BechbMa 3aMeTHOH.
IIpeskpe Bcero 3To KacaeTcsg OKCHAOB yraepopa CO
u CO,, 030Ha, YIA€BOAOPOAOB U T.A,

3akAlodyeHne. Kak IIOKa3an0 IIPOBEACHHOE HCCAe-
MOBaHUe, IpeHeOpesxeHUe 3(P(PEKTOM MOTAOIIEHUA
U3AYYEeHUsT OOBeKTa aTMOC(MEpPHLIMH I1apaMé BOABI
IpU TPOBEAEHHN OeCKOHTAKTHBIX TeMIlepaTypPHBIX
U3MepeHu¥ MO’KeT IPUBECTU K 3aMeTHOMY OTKAOHe-
HHUIO UX PEe3yAbTATOB OT MCTUHHBIX 3HAaUYeHUM AaKe
Ha OTHOCUTEABHO HeOOABIIUX AUcTaHIugax (5—10
MeTpoB). Peaarnm3oBaHHBIE B COBpPEMEHHBIX IIpubOOpax

(TemroBH30pax U MUPOMETpPAaX) MOAEAN KOMIIeHCAlluu
BAMSIHUS AQHHOTO (haKTOpa He SIBASIOTCS KaueCTBeH-
HBIM pellleHueM IPOOAeMBL (OCOOEHHO B CAOJKHBIX He-
CTAIMOHAPHBLIX IMPOMBIIIAEHHEIX YCAOBHSX), TaK Kak
UX aAeKBaTHOe MCIIOAB30BaHHEe IIOCTOSHHO TpeOyeT
OT oIlepaTopa TOUYHBIX U AOCTOBEPHBIX AQHHBIX O TEKY-
II[eM COCTOSIHUU IlapaMeTpoB aTMocdeptl. [TocTpoenue
OAHOKAHAABHBIX IIMPOMETPOB Ha 0a3e y3KOIOAOCHBIX
MATINKOB, OOAACTH YYBCTBUTEABHOCTU KOTOPBIX AEKUT
B AMalla3oHe, CBOOOAHOM OT IIOAOC IIOTAOIIEHUS ITapOB
BOABI, TaKKe He MOJKeT OBIThb IPU3HAHO YAQUHBIM pe-
IIeHHeM U3-3a YXYAIIeHUs COOTHOLIEHUsT CUTHAA/ LIy M,
a TakyKe IOTEHIIMAaAbHOTO BAMSIHUS Ha WX ITOKa3aHUS
APYTHX Ta3o0B, COAepryKaluxcs B aTrMocdepe. B asron
CBSI3Y IIEePCIIEKTUBHBIM, Ha HAIl B3TASA, SBASETCS Pas-
BUTHE KOHIIENIMN aBTOMaTUYECKOTO KOHTPOASI YCAO-
BUM KM3MepeHMs 3a CUeT CO3AaHUs MHGOPMAaIMOHHON
U30BITOYHOCTU IIyTeM (DOPMUPOBAHUS B NHPOMeETpax
AOIIOAHUTEABHBIX KaHAAOB PEruCTpaIiuy U3AYIeHUs.
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SIMULATION OF THE EFFECT

OF ABSORPTION BY ATMOSPHERIC
WATER VAPOR ON THE RESULTS
OF NON-CONTACT

TEMPERATURE MEASUREMENTS

The article investigates the effect of atmospheric water vapor on the results of non-
contact temperature measurements carried out in the range from 100 to 600 °C.
It is known that the key disadvantage of radiation thermometry is a rather strong
dependence of the measurement results on external factors: the state of the surface
of the object, as well as the state of the environment for the propagation of
radiation from the object to the thermometer. Water vapor constantly present
in the atmosphere selectively absorbs the infrared radiation of the object, which
leads to underestimation of the results. This effect depends on the humidity and
temperature of the air, as well as on the distance between the object and the
radiation thermometer. On the basis of the simulation performed using the MATLAB
system and the HITRAN molecular spectroscopy database, the values of random and
systematic errors are calculated for four measurement situations typical of industrial
conditions that differ in the level of absorption by water vapor. Eleven variants of
radiation receivers with unique spectral sensitivity characteristics are studied. It is
shown that the effect of absorption of the infrared radiation of an object by water
vapor can lead to a significant decrease in the reliability of measurements carried
out even at short distances.

Keywords: non-contact temperature measurements, radiation thermometer,
thermographic camera, water vapor, relative humidity, molecular absorption,
HITRAN database.
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