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PaccmompeHb! Mpu4uHbl 803HUKHOBEHUSI cucmemMamuyeckol Memodu4yeckol rnoepewiHocmu 3Hepeemu4yecKux
nupomempos, 0bycrioeneHHoOU 8UsHUEM Ha pe3ysibmam U3MepeHUs pacCmosHUS Mex0y nupoMempoM U 06BbeKmom.
lMokasaHo, Ymo MpuYUHOU SI8IIEMCS] HECUHXPOHHOE U3MEHEeHUe C pacCcmosiHUeM MesieCHo20 yana, rnod KOmopbiM U3
moyek nogepxHocmu obbekma 8udHa 8xo0Hasi JluH3a obbekmuea nupomempa, U naowadu nosepxHocmu obbekma,
usny4yeHue komopou rnornadaem Ha MpuemMHUK nupomempa. [aHbl pekoMeHOauuu o CHUXEHUK U yyemy 3mol noepeu-

Hocmu.

Knroveenie cnoea: SHepeemu4yecKkue nupomMempsl, 3agsUCUMOCMb 3Hepauu Om PacCmosHUA.

The reasons of emergence of systematic methodical error in energy pyrometers caused by the influence of object-
pyrometer distance on measurement result are considered. It is shown that the reason of error is the non-synchronous
alteration with distance of the solid angle under which from the object surface points the pyrometer input lens is visible
and of the surface area the radiation of which falls on the pyrometer receiver. The recommendations on decrease and

on taking into account of this error are given.
Key words: energy pyrometers, energy-distance dependence.

BeckoHTaKTHblE U3MEpPeHUs TeMnepaTypbl XapakTepuayoT-
¢ 6oNbLUMM KONMYECTBOM METOAMYECKMX U MHCTPYMEHTAarbHbIX
cuUcTeMaTMYECKMX norpeluHocTen. MeTtoguyeckue norpewHocTym
006yCrnoBMNeHbl HEYYETOM UIN HEMPaBUIIbHBIM Y4ETOM U3rnyya-
TEnbHOW CNOCOBGHOCTM M3MEPSIEMOro 0ObEKTa, a TakKe CroX-
HbIM XapakTepoM CBA3WU MeXAY MOTOKOM 3HEPTUW, MPUHATLIM
NPUEMHUKOM W3My4YeHUsi MMPOMETPA, M NMOTOKOM, UCMYLLEHHbLIM
HarpeTbiM 06bekToM. Kpome Toro, 06beKT U3aMepeHns MeeT 1
oTpaxaTenbHY CMOCOOHOCTb, M3-32 KOTOPOW B MPUHSITOM Mpu-
€MHVKOM CurHamne MoXeT ObiTb [0oMs SHepruu, oOycrnoBreHHoM
nepeoTpaxeHNemM M3Ny4YeHnUsl HarpeToro NOCTOPOHHEro 0Obek-
Ta, Haxopgswerocs B6NM3N M3MepeHHOro. ATo onpeaensieT eLe
OOMH TUMN METOAMYECKOW MOrpeLlHOCTM, BbI3BaHHOW MepeoTpa-
XeHneM. Takmx NorpeLuHocTeln Anst 3HepPreTMYeckux NMpomeT-
pOB HabupaeTcs He MEHee AecsATKa, YTO YCMNOXHSAET TOYHOE U3-
MepeHne umn Temnepatypbl 06bekToB. Ocobasi npobnema co-
CTOWUT B TOM, YTO aHanm3 HEKOTOPbIX TUMOB METOAUYECKUX MO-
rpelHocTel B nutepaType He Obin npoBeeH. HacTosiwas cra-
Tbsi NMpU3BaHa 4YaCTUYHO BOCMOMHUTL 3TOT npoben. B Hen pac-
CMOTpEeHa MeToauyeckasi NorpeLHoCTb, BO3HMKaoLWasi B 3Hep-
reTM4ecKMx NMPoOMEeTpax BCMEACTBME 3aBUCMMOCTU pe3ynbTaToB
N3MEPEHUST ATUMU MMPOMETPAMM OT PaCCTOSIHUS Mexay nupo-
METPOM 1 M3MepsieMbiM 0OBEKTOM, a Takke cnocobbl ee Mu-
HUMU3aL K.

CyTb npobnembl. Haintu nicopmauumio B nutepartype no nu-
POMETPUM O HaNUYUW YMOMSIHYTOW MOTPELUHOCTU OYEHb CIOX-
Ho. MoxHO ykasaTb pas3Be 4To Ha [1, cTp. 390]. OpHako obbsic-
HeHue npueegeHHom B [1, puc. 9.29] 3aBUCUMOCTIM NOrPELLUHOCTH
N3MEpEHNsI MMPOMETPa U3NyYeHUss OT PacCTOsiHUA 0O obbekTa
BPSA M MOXHO CYMTaTb YAOBNETBOPUTENBHBLIM.

[MpuynHBLI OTCYTCTBMSA MaTemMaTU4ecKon Moaenu, 060CHOBbI-
BalLlen 3Ty 3aBMCMMOCTb, OYEBUAHbI — HAOEXHbIX 3KCNepu-
MEHTamnbHbIX JaHHbIX, OMNUCbIBAKOLLMX €€, HET. [leno B TOM, 4TO
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ANsi NonyyYeHuss 3aBMCUMOCTU HeobXoaMMO pacrnonaratb U3ny-
yatenem MYT, umerowmm, ¢ OOHON CTOPOHbI, BbICOKYIO pPaBHO-
MEPHOCTb MHTEHCMBHOCTM W CreKTparibHOro pacnpeeneHus B
MNIOCKOCTU BbIXOOQHOIO OTBEPCTUSE, @ C APYrov CTOPOHbI — GoMb-
won anameTtp atoro oteepctusa (200 — 300 mm). B HacTosiee
Bpemsi Takne MYT OTCyTCTBYIOT, B CBSI3U C YEM HEBO3MOXHO KOP-
PEKTHO MpoBeCTU NodobHble N3MepeHUsl, KOTopble NMOATBEPAAT
NpaBuIIbHOCTb MaTeMaTUY4eCKON MOLENN UMK ONPOBEPTHYT ee.

Tem He MeHee, MOXXHO MPUBECTU MOSYKONMYECTBEHHOE pac-
CMOTpEHME NMPUYNH MOSIBIEHNS paccMaTpuBaeMon MeToamdec-
KO norpeluHocTn. [ns aToro obpatumcs Kk puc. 1, Ha KOTOPOM
NMOCTPOEHO U3BECTHOE U3 NUTEpPaTypbl NOSe 3peHUst TIMH30BOro
nupomMeTpa B 3aBUCUMMOCTM OT AMamMeTpa BXOOHOro OObeKTU-
Ba L, ero dhokycHOro paccrtosiHus f, auameTpa YyBCTBUTENbHOW
NnoLagky NpueMHuKa nanyyeHust (N yctaHoBIEHHOW nepen
HUM Moneson anadparMel) d, a Takke pacctosHua f; oT rnas-
HOW MNOCKOCTM BXOAHOro 06bekTMBa 4O MMOCKOCTU MpUEMHMKA
(vnn noneson guadparmel). (OTMETUM, YTO ANS 3epKanbHOro
06beKTNBa MOCTPOEHUE MPOBOAMTCS aHanorM4Ho, 1 opMyrbl,
onvcbIBalLLMe AnamMeTp Mons 3peHust nMpoMeTpa, Mosy4atoT-
Ccsl TaknuMmu xe.)

Kak n3BecTHO M3 ONTUKK, NrockocTu f,, B KOTOPOW pasme-
LeH NpUEMHUK AnameTpoMm d, COOTBETCTBYET COMPsKeHHas
NNockocTb f,, B KOTOPOM pacrorfioXeHo nsobpaxeHue npuem-
Huka anameTpoM D. Mexay ynoMsiHyTbIMU napaMeTpamu cyLue-
CTBYIOT CriefiytoLme N3BECTHbIE COOTHOLLEHUS:

1Uf=1Uf, + 1y, (1)
dif, = DI,

lNone 3peHune nupomeTpa D, B AnanasoHe 0 < x < f, orpaHu-
yeHo oTpeskamn MM, n NN,, a B gnanasoHe x > f, — ny4amu
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NM,; v MN,. HeTpyaHo nokasaTtb, Y4TO AUaMeTp Mons 3peHus
nupomeTpa B AnanasoHax 0 < x < f, n x > f, onpeaensercs cooT-
HOLUEHUSIMWN COOTBETCTBEHHO:

L

Dys = ;D(fz_x) + D;

f

X —a
f2—a'

Dy =D )

CurHan, BblpabaTbiBaeMbli NPUEMHUKOM U3MNYyYeHUs NUpo-
MeTpa, onpeaenseTcd NOTOKOM 3HEePrum, NOCTynaroLwmum Ha npu-
€MHUK OT M3mepseMoro obbekTa yepes ONTUYECKYHD CUCTEMY
(ob6bekTMB) NnupomeTpa. NMoToK 3aBMCUT OT TeMNepaTypbl 0ObekTa
1, KPOME TOro, NPOMnopLMOHaneH Kak nnowaan Tor YacTm oobek-
Ta, KoTopas nonagaeT B Mone 3peHns nupometpa (cm. puc. 1),
Tak M TenecHOMy Yriy, Nnoj KOTOPbIM M3 KaX[oro 6eCKOHeYHO
Maroro yyactka obbekTa BuaHa BXogHas NMH3a ONTUYECKON Cu-
cTteMbl. TenecHbln yron obpaTHO NponopuuoHaneH KBagpary
paccTosHUSA OT M3MepseMoro obbekTa A0 NIOCKOCTU BXOOHON
nvH3bl. B nepBoM npubnmkeHnn ynoMsAHYTbIA TENECHbIN yron
MOXHO CYMTaTb MOCTOSHHbLIM AN BCEX TOYEK M3nyvalLlero
obbekra.

Kak npaBuno, kanmbpoBka nnpomeTpa OcyLlecTBnaeTcs Ta-
KM 06pasom, YTO COMpsKEeHHast MPUEMHUKY MITOCKOCTb, B KO-
TOPON HaxoauTCHa n3obpaxeHne npuemHvka guametpom D («ne-
peTskka» Ha puc. 1), coBmeLlaeTca C BbIXOAHbIM OTBEPCTUEM
MUYT. Takas reomeTpus odyeBngHa — B 0BMacT «MNepeTsiKKM»
AvamMeTp nons 3peHns 0Obl4HO MUHWMAarneH, YTO yMeHbluaeT
TpeboBaHna Kk anameTpy BbixogHoro otBepctma MUYT. [na yHu-
BepcasibHbIX Npubopos f, 06biYHO BbIGUpaeTca paBHbIM 1 M;
ONA NMPOMETPOB, MpefHasHa4YeHHbIX ONA U3MEepPEeHnsa Marnbix
06beKTOB, f, MOXET BbITb yMeHbLUeHO [0 20 — 40 cm.

Ecnun paccmoTtpeTb npomexyTok 0 < x < f,,, TO C npubnmkeHn-
em n3mepsiemoro obbekTa K NMpoMeTpy (Unu, YTo TO Xe camoe,
npu NpuMbnmxeHnn NUpomeTpa K 0ObeKTy) AnameTp nons 3pe-
HMS B NNOCKOCTWM obbekTa Bo3pacTtaeT. MHbiMu crioBamm, pac-
TeT nnowaab Ha NOBEPXHOCTU M3mepseMoro obbekTa, usnyye-
HVe KOTOpoW nonagaeTt Ha NpUeMHUK. B To xe Bpemsi yMeHbLue-
HVMe paccToaHust OT obbekTa 4O MMpoMeTpa O3HayaeT yBenuye-
HWe TenecHoro yrna, nof KOTOpbiM U3 Kaxgoro 6eCKoHe4yHO
Marnoro yyactka obbekTa BuAHa BXOAHAas NMH3a OMTUYECKON
cucTtembl. W nepBoe, 1 BTOpOe BeAyT K yBENMYEHMIO NOTOKAa SHEP-
MM Ha NPUEMHUK B CPaBHEHUW C TEM MOTOKOM, KOTOPbIVA nona-

fi f

O6bekTUB
nMpomeTpa

Jarn Ha Hero npu kanubposke. Takum obpas3oM, npu Npubnuxe-
HUM NMpoMeTpa K OOBbEKTY M3MEPEHUS CUrHan Ha BbIXOAe npu-
eMHMKa (Mpu HensMeHHoON TemnepaTtype ob6bekTa) Bo3pacTaeT
Mo OMMWCaHHbIM BbilLE MPUYMHAM.

B ananasoHe x > f, cuTyaums uHas: ¢ yaaneHuem nupomert-
pa oT obbekTa U3MepeHus TenecHbINn yror, nof KoTopbiM 13
Kaxkgoro 6eckoHeyHO manoro yyactka obbekTa BMAHa BXOAHas
1IMH3a ONTUYECKON CUCTEMbI, YMEHbLUAETCS. OTO BEAET K yMEHb-
LIEHMIO CUrHana Ha BbIXOAEe MPUEMHUKA B CPABHEHUW C CUTrHa-
oM npu kanubposke nupomeTpa. lNnowaab Xe Ha NoBepxHOC-
TV U3MepPSEMOro obbekTa, Mu3nyyYyeHne KOTOpOW nonagaeT Ha
NPUEMHMK, BO3paCTaeT, YTO NPUBOOUT K YBENUYEHMWIO COOTBET-
CTBYHOLLIErO CMrHana.

HeTpyaHO nokasaTb, Y4TO YBENMYEHNE cUrHana 3a cyeT pocTa
nnowaaun, n3nyyeHme ¢ KOTOpow nonagaeTt Ha MPUEMHUK, He
KOMMEHCUPYET CHWXEHWS CUrHana 3a CYeT YMeHbLUeHus Terne-
cHoro yrna. Hanpumep, ecnu x = f,, TO AuameTp Nons 3peHusi
paseH D. Ecnn x = 2f,, To, Kak cnegyeT u3 (2), avameTp nons
3peHust paseH D(2f, — a)/(f, — a). Takum obpasom, yBenmyeHve
B[1BOE PacCTOsIHMA OT NUpomeTpa 10 obbekTa (C f, A0 2f,) BYeT-
BEPO YMEHbLUMIO TEMECHbIN Yron, B TO BPEMS Kak nroliajb
obbekTa, C KOTOPOW M3MyYeHne nonano Ha NPUEMHUK, yBENUYmn-
nacb He B 4 pa3sa, a MeHee. CnegoBaTernbHO, BbIXOQHOW curHan
npuemMHuka (Npu HeM3MeHHoW TemnepaTtype obGbekTa) CcHuxa-
€TCA C YBEINMUYEHNeM paccTosHNA U B AnanasoHe X > f,, XoTs 1 He
CTONb pesko, Kak B AnanasoHe 0 < x < f,. lNpu aTOM KpyTU3HA
cnaja ¢ poCTOM PacCTOSHUS YMEHbLUAETCsl, MOCKOMbKy 3TO pac-
CTOSIHME CTaHOBUTCA MHOFO GOrblue a U BENUYMHOW a B KOHLE
KOHLOB MOXHO OyaeT npeHebpedb.

YyeT peanbHbIX rpaHuy nons 3peHus. B paccmotpeHHOM
NOMyKONMYECTBEHHOM OMMWCaHNW MPUYMHBI BO3HUKHOBEHUS Me-
TOOMYECKOW CUCTEMATUYECKOW MOTPELLIHOCTU U3MEPEHUI 3HEp-
reTM4eckoro NMpomMeTpa BCNEACTBUE U3MEHEHUS] PacCTOSHUSA
Mexay HUM 1 obbekTom aHanu3 6asvpoBancs Ha naeanvanpo-
BaHHOW Amarpamme nons 3peHus nupometpa. PeanbHas ava-
rpamma 3aMeTHO OTNMYaeTcs OT maeanuampoBaHHOW B obnactu
«nepeTspkkn» (puc. 2). Kak nokasan onbIT aBTopa, yLMpeHue
nons 3peHust B obnactu «nepetsbkkm» cocrasnsiet ot 1,2 — 1,5
no 3 — 3,5 pas3 (nepBas uMdppa OTHOCUMTCS K MMPOMeETpaMm C
doTorpaduyecknum obbektnsom NHayctap-23Y n oToanoaHbIM
NPUEMHUKOM Ha OCHOBe Si, BTopasi — K MMPOMETPaM C OAMHOY-
HOWM NMWH30M 13 ZnSe 1 TepMO3NIEMEHTOM B CrekTpanbHOM ava-
nasoHe YyBCTBUTENbHOCTN 8 — 14 MKM).

Kak cnegyet u3 puc. 2, pes-
KO Bblpa)XeHHasi B ugeanuaunpo-
BaHHOM MOCTPOEHUW «MNepeTsik-
Ka» npeBpallaeTcs B NPOTSKEH-
Hyto obnacTb, wWHOrda AnVHOWN
10 — 20 cm. [NoaTomy onmcaHHbIN
BhILLE NPOLeCC pocTa AvameTtpa
nons 3peHusa B obnactu x > f,, npo-

nupomeTpa

UCXOAALLMIA C POCTOM PACCTOSHNSA
Mexay NMPOMETPOM N OOBEKTOM,
Ha camoM fJene MoxeT ObiTb Ma-
nosameTHbIM BCreacTBMe TOro,
4YTO «MnepeTsikkay 3aMeTHO YLUK-
peHa. Takum obpasom, B pearb-
HOM MUPOMETPE CHWXEHWE MNoka-

0

Puc. 1. MNone 3peHusi HeoKycMpyemoro NMH30BOro NMpomeTpa
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3aHUI C POCTOM PacCcTosHMSA B
obnactu x > f,, kKak npaBuno, Jo-
BOJIbHO OLLYyTUMOE.
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BnusiHue rpagympoBoOYHOM XapakTepuc- MpuemHuk

O6bekTnB

PeanbHas rpaHuua

TMKKN. OnucaHHasa NorpeLlHoCcTb YHUBepcarb- nMpomeTpa
Ha NSl BCEX 3HEPreTMYecKx MMpOMETPOB, Of-
HaKo ee MpOsiBMNEHNE Y SIPKOCTHbIX U pagua-
LMOHHbIX MMPOMETPOB pasnuyHo. Mpagyupo-
BOYHasl XapakTepUCTUKa SIPKOCTHbIX MMeeT -—
OY€eHb BbICOKYH KPYTU3HY — B NMUPOMETPE C
KpeMHMeBbIM (hOTOAMOLAOM M CMEKTPanbHbIM
ananasoHom 0,9 — 1,1 MKM U3MEHEHUIO TEM-
nepaTtypbl B gnanadoHe 500 — 1800 °C coot-
BETCTBYET W3MEHEHMEe CurHana Ha BbIXoae
doToanona Ha 6 NOPSAKOB — MPUMEPHO OT
50 nA po 50 MKA. KpyTunsHa npeobpasoBaHusi
XapakTepuCTUKN NMMPOMETPa C TEPMOSTEMEH-
TOM CO CneKTpanbHbIM Auana3oHoM 8 — 14 MKM
npyv M3MeHeHUn TemnepaTypbl B AMana3oHe
200 — 1800 °C okasbiBaeTca 4yTb Gonblie
4 nopsigkoB. [103TOMY OAHO M TO XK€ OTHOCUTENbHOE M3MEHe-
HVe MoToKa, NPUXOASLLEro Ha NMPUEMHUK U3MyYeHUsi, NPUBOAUT
K pasHbiM M3MEHEHUSIM PErmMcTpuMpyemMolr NMMPOMEeTPOM Temne-
paTtypbl. IamepeHusi, NpoBOAMBLUMECSH aBTOPOM Ha MUPOMET-
pax «AJUNANTECT» (c gnana3oHOM CrneKTparbHOW YyBCTBUTESb-
HocTn 0,9 —1,1 MkM 1 8 — 14 MKM), nNokasanu crnegyruiee.
Ecnu B nepBom crnyyae uaMeHeHne pacCTosiHAS MeXay nupo-
meTpom un MYT c 0,5 0o 2,5 M BENo K M3MeHeHuo pesyrnbrarta
n3mMepeHuin He 6ornee 4yem Ha 1 — 2 °C, TO BO BTOPOM pesynerar
nameHsanca go 10 °C (B oboux cnyyasx Temnepartypa MYT Gbina
cTabununsmpoBaHa Ha ypoBHe 745 °C).

Takum 06pasoM, CHUXEHUK cucmemamu4yeckol Memoou-
4yeckol roepewHocmu 3Hep2emuyecKux nupomempos, obyc-
J108/1EHHOU U3MEHEHUEM PaccmosiHUs MeXOy nMupoMempoM U
usmepsieMbiM 06beKkmom, anasHbiM obpasom criocobcmeyem
rnepexo0 ¢ paduayUOHHbIX MUPOMEempPos U MUPOMempos Yac-
MUYHO20 U3TyYEHUS] C OMHOCUMEIbLHO WUPOKOU Monocol crek-
mparbHoU 4y8cmeumenibHOCMU Ha Y3KOrMOMIOCHbIE SIPKOCMHbIE
nupomempsl. Bo-nepBbIX, C SPpKOCTHbIMM NpOMeTpammn Ha ¢o-
Toguogax mn3 Si un InGaAs MOXHO MCMNOMb30BaTb BbICOKOKaYe-
CTBEHHYIO hoTorpadmyeckyto ONTUKY C MUHUMarnbHbIMU abep-
pauusiMn Bcex TUnoB. Bo-BTopbix, KpyTM3Ha nNpeobpa3oBaHus y
NPUEMHUKOB Taknx NMPOMETPOB OYEHb BbICOKA, briarogapsi Yemy
W3MEHEHUS CuUrHana, ConyTCTByOLME NPUONMXKEHNIO Unn yaa-
NeHno MMpomeTpa OT n3MepsaeMoro obbekTa, COOTBETCTBYIOT
ropasfo MeHbLUEMY M3MEHEHMIO N3MEPSEMON TemnepaTypbl,
4YeM B Cryyae LUMPOKOMONIOCHbBIX MMPOMETPOB YaCTUYHOTO M3IYy-
YEeHUst U pagnaunoHHBIX NMMPOMETPOB.

AHanus ansa aHepreTM4ecKnx NMPoMeTpoB ¢ dhoKycupye-
MOW ONMTU4YecKon cuctemoM. poBeadeHHbIi aHanm3 cnpasea-
NVB ANs NMPOMETPOB € HedokycupyembiMn obbekTuBamn. Of-
HaKo ocTarncsi HepacCMOTPEHHbIM €ellle OAUH BOMPOC — O Hanwu-
YMM STON METOAMYECKON MOrPELIHOCTU B NMMPOMETpax, CHabXeH-
HbIX 0OBbEKTMBaMW, JOMyCKaLWLUMK (hOKYCMPOBKY NMpoMeTpa Ha
N3MepsaeMbll OOBHEKT.

Ha pwuc. 3, a cxemaTnyeckv nokasaHa onTuyeckasi cuctema
nupomeTpa, cpoKycMpoBaHHast Ha OBbEKT Ha paccTosiHWK f, oT
rMaBHOW NMOCKOCTN oObeKkTMBa nvpomeTpa, a Ha pwuc. 3, 6 —
Ta Xe cxema, HO ChoKyCcMpoBaHHasa Ha OOBEKT Ha PaccTOAHUN

f3, npuuem f3>f,. Kak cnegyet us (1), f{ npn 3TOM MeHbLue f,.
Ha ocHoBaHuu (2) MOXHO 3anucaThb:

—d2.
D=d;
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nupomeTpa

MpeannsnposaHHas
rpaHuua

»
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Puc. 2. VigpeannsupoBaHHasa n peanbHas rpaHvlbl Nons 3peHus HedoKycnpyemoro

TIMH30BOrO NUpomeTpa

Ecnu 66l f{ 6bIno paBHo f,, TO yBenuyeHne f; B CpaBHEHUM C

f2 BblI3bIBario Okl TOYHO Takoe yBenndyeHune D' B cpaBHeHW ¢ D,
YTO npuBerno Obl K MOSTHOWM KOMMEHCALMN CHUXKEHUS TENECHOro
yrna, noa KoTopbiM 13 cepennHbl obbekTa BMAHa BXoAHas NUH-
3a OMNTUYECKOW CUCTEMbI, B pesynbrate yBenndeHua nnowann

namepsiemoro obbekta. OgHako f{ He paBHO f,, U curHan Bo
BTOPOM crlyyae Gornblue nepBoro.

YToObl UCKMUNTL BNUSIHUE YMEHbLUEHUA f1/ B CpaBHEHUA

c f,, B [2] pekoMeHayeTcst Mexay NPYeMHUKOM U BbIXOAHOWN JNH-
30/ ONTMYECKOM CUCTEMbI CTaBWUTb AuadpparMmy, AvameTp KOTO-
pori nogbupaeTtcs Takum obpasom, 4Tobbl yron @, NoA KOTOpbIM
BMHA BbIXOAHAs NMUH3a O0BbEKTMBA U3 LieHTpa NpUeMHUKa, oc-
TaBancs 6bl HEM3MEHHbIM, BHE 3aBMCUMOCTU OT TOTrO, Ha KaKoW
06bekT cdokycmpoBaH 06bekTMB nupomeTpa (puc. 3, 8). Pac-
CTOsIHME Mexay AvadparmMon U NMPUEMHUKOM LOIMKHO ObiTb 3a-
durKcpoBaHo, Npy OKYCUPOBKE NepeMeLLaeTcs TONbKo 06bek-
TMB.

Yron ¢ BblbMpaeTcsa Tak, 4To6bl Npu OKyCUpoBKe 0OBEKTM-
Ba HA MUHUMYM MPefyCMOTPEHHOIO NacnopPTHbIMU AaHHLIMU
paccTosiHMa OT nNMpomMeTpa A0 06bekTa Kpasi Avadparmbl Haxo-
avnuck Obl Ha OTpe3kax, COeAVHSAOLWMX Kpasi BbIXOOHON MUH3bI
C ueHTpom npuemHuka (puc. 3, 2). MNMpu atom, Korga o6bekTuB
okycupyeTca Ha Gonee ganbHuMe o6beKThbl, pacctosHue f,
yMeHbLUaeTCsl, HO OQHOBPEMEHHO C 3TUM YMEHbLUAETCS NIlo-
lwanp ToW YacTn oObeKTUBa, KoTopas cobupaeT MOTOK M3nyye-
HWSI Ha NpUeMHKK. HeTpyaHO nokasaTtb, YTO 3TO yMeHbLUeHne
NPaKkTUYECKM MOJNTHOCTbIO KOMMEHCUPYET POCT NMOTOKa 3a cyeT
yMeHbLIeHns f,.

Takum obpasom, 8 nupomempax, cHabxeHHbIX 06bekmu-
80M C QOKycuposKol Ha uamepsieMbili 06bekm u duagpazmod,
ycmaHo8eHHoU coaiacHo puc. 3, e, Memooudyeckas rnoepeu-
HOCMb 3@ cyem U3MEHEHUS paccmosiHUsi om rupomempa 0o
obbekma KomreHcupyemcsi ¢hoKycuposKkol rnpueMHuUKa Ha u3-
mepsieMbili 06BeKm.

YyeT MeToaMYeCcKoM NOrpeLHoCTH C UCNorib3oBaHueM ad-
cheKTMBHOM ManyyaTenbHoi cnocobHocTm 2P, B snepreTu-
Yeckux nupomeTpax C (PUKCMPOBAHHLIM PACcCTOSIHUEM OT Mpu-
eMHuKa 00 0OBbEeKTMBA, Kak ObiNo MokasaHo Bbille, 3Ta METOAM-
Yyeckas NorpeLHocTb uMeeT MecTo. Mpu aToM, ecnv AuanasoH
CMNeKTparnbHOW YyBCTBUTENbHOCTU NMPOMETPA Y30K U OnTu4ec-
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Puc. 3. WckniovyeHne BNuAHWS 3aBUCUMOCTU pesynbraTa U3MepeHui
OT PacCTOSHWUSI MeXAy NMH30BbIM NMUPOMETPOM C (HOKYCUpPYeMOM
ONTUYECKON CUCTEMON U OOBBEKTOM

Kas cuctemMa MMeeT He3HauuTenbHyt XxpomaTtuyeckyto abeppa-
umio, oByCrnoBnNeHHOe N3MEHEHNEM pPacCTOAHUS ocnabneHve
UNn yBeNUYEHne 3HepreTM4eckoro nNoToka B CpaBHEHUU C NOTO-
KOM, nonajasLUMM Ha NPUEMHWK B npouecce Kanmbposku, 3a-
BMCUT TONbKO OT napameTpos L, f, f,, d obbekTBa 1 nupomeTpa
W OT paccTosiHMA OT NpomeTpa Ao obbekTa. Mockonbky L, f, f, d
ANsi KOHKPETHOro NMpomMeTpa ABMSIOTCS KOHCTaHTaMu, YnoMms-
HYTOE NU3MEHEHME 3HEPreTUYEeCcKoro NoToka ecTb MYHKLMSA NnLb
OOHON nepemeHHon — paccTosHuss. C pocTOM pacCTosHUA Mo-
TOK CHWXaeTcs, Ho obbl4HO He Gonee yem Ha 15 — 30 %, ¢
ymeHblleHnem — pactet go 1,5 — 2 pas. Ho aTtoT pocT unm
CHWXEHNe — Bernm4yMHa NocTosHHasA AfS KOHKPETHOro nmpo-
MeTpa M HEU3MEHHOro PacCTOSAHUSA OT Hero 40 M3MepsemMoro
obbekTa. YkasaHHoe 06CTOATENbCTBO MO3BONSAET YYeCTb 3TOT
POCT MUnN CHWXEeHWe noToka crnegyowmm obpasom. Onpegenum
& — k03P DULMEHT N3IMEHEHNS MOTOKA P, NPUXOOSLLENO Ha Npu-
€MHUK MMpomeTpa Npu paccTosHUM, BonbLIeM UNN MeHbLUeM
paccTosiHua B npouecce kanubpoBsku, K MOTOKY p, B mpouecce
KannbpoBsku:
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Torga n3BecTHble OCHOBHbIE COOTHOLLEHWS, CBA3bIBaOLLNe
AENCTBUTENbHYIO TeMnepaTypy C SpKOCTHOM W paauauvoHHON,
MOryT ObITb NepenncaHbl Kak

B B W P .
" T, + o InesP* (A, T); (3)

Ta=Ta /{509, @)

e 3PP = 8ej (A, T), 3PP = 5e;.

[MpaBoMepHOCTL Takoro onpeaeneHns aPdPeKTUBHOIo 3Ha-
YEHUs MOHOXPOMAaTUYECKOW U MOMHOW M3Mny4vaTenbHOW cnocob-
HOCTK onpegensieTcst PyHKUMOHANbHON HE3aBUCUMOCTbIO 13-
nyyvaTesnbHo crnocoBHOCTU OT & M OAMHAKOBLIM MEXaHU3MOM
BIIUSAAHWST 3TUX BEJTIMYMH HA MOTOK, MPUXOASALWMA HA MPUEMHUK
nupomeTpa (yBENnuMYEHUE UMW yMEHbLUEHME B onpeaeneHHoe
yncno pas).

Takum o6pasom, ecrnv Mo onpeaeneHvio nsnyvaTenbHas
CMOCOOHOCTb SBNSAETCA BENMYMHOW, Nexallend B WHTepBane
0 — 0,999, To BBeaeHHas B cooTBeTCcTBUU C (3) 1 (4) aghcpbekmus-
Hasi udny4YamernbHasi crnocobHocmb, umMerowiasi MyrnbMmuriuKa-
MUBHYIO COCMasIIAUYIO, 3a8UCAUWYI0 8 DaHHOM Clly4ae om pac-
CMOSIHUS MexX0y nupoMempoM U 0O6bEeKMOM, MOXem MpuHU-
mamb 3HadyeHusi 6orbwe 1. To onbITy aBTopa, AvanasoH 13mve-
HeHusa PP moxeT BbiThb BbIGpaH oT 0,02 — 0,05 0o 2 — 2,5. B
aHepreTuyecknx nupometpax cepum «JUINTECT», paspabo-
TaHHbIX aBTOPOM, KO3(PULMEHT Kk, onpeaensownin KOppeKLMIo
no nanyyaTtenbHOWM cnocobHocTu, namensetcs ot 0,04 oo 2,50,
YTO MO3BONSAET y4eCTb M CKOMMEHCUPOBaTb XapakTepHy A5is
SHEPreTUYEeCKNX NMPOMETPOB METOAMYECKYHD CUCTEMATUYECKYHO
MOrpeLLHOCTb 3a CYET U3MEHEHUST PacCTOAHUSA MeXay MMPOMeT-
pPOM 1 OBBHEKTOM.

3HaueHune e2PP nng KOHKPETHOro NMpomeTpa nerko onpeae-
NUTb 3KCNEpUMEHTanbHbIM NyTem. [ns aToro Heo6xoaAMMo 3TUM
NMUPOMETPOM U KaKUM-TIMOO KOHTAKTHbIM CMOCOOOM M3MepUTb
TemnepaTtypy «He4yepHoro» obbekTa Ha 3aJaHHOM PacCTOSHUN
1 nogobpaTb Takoe 3HaydeHue koadpduLmeHTa k, Npu KOTOPOM
pe3ynbTraTbl U3MEPEHUA KOHTAKTHbIM U OECKOHTaKTHbIM METO-
aamy 6yoyT MakcumarnbHo 6rmskumu. MonydyeHHoe 3HayeHue k
n 6yneT sHadeHnem £2P® ans naHHoro nupomeTpa v Ans BbI6-
paHHOro paccTosHUS.

BbiBoabl. Takvum 06pa3oM, B SHEPreTMy4ecknx NnupomeTpax ¢
HeOKYCUPYEMON OMNTUKOM NMPU U3MEHEHUN PACCTOSHUSA MeXay
06BHEKTOM M NMUPOMETPOM MOTOK, MPUXOASLUNA HA NPUEMHUK
nupomeTpa, uameHsietcs ot 10 — 20 % (npw yganeHuu) o
1,5 — 2 pa3 (npun NpubnuxeHnn), NPUTOM YTO Temneparypa us-
MepsaeMoro obbekta HemsaMeHHa. [NpuynHa 3Toro 3akn4vaeTcs
B TOM, YTO C U3MEHEHNEM PACCTOSHUS YMEHbLUEHNe TeNnecHOro
yrna, nog KOTOpbIM U3 KaXaoW TOYKM 0ObekTa BuOHa BXOAHast
nMH3a 0O6beKTMBa NMpoMeTpa, NPOUCXOAUT HEenponopLMOHanb-
HO yBenu4yeHuto nnowiaan obbekTa, nonagaler B none 3pe-
HUS nupomeTpa. CnoxHasa opMa 3aBMCMMOCTM JuameTtpa
nonsi 3peHnst NMpomMeTpa OT PaCCTOSIHUS MeXAy NMPOMETPOM U
0OBEKTOM He NO3BONSET MOMYYUTb aHaNUTUYECKME 3aBUCUMO-
CTW, NPUrOAHbIE AN TEOPETUYECKOro aHanM3a paccMaTpuBae-
MOW MOrPELUHOCTMU.

[ng yyeTa n nocnegylowen KoMmneHcaumm ynoMsHyTon Me-
TOAMNYECKOW MOTPELLUHOCTM HYXXHO BOCMOSb30BaTbCsl BBEAEHHbLIM
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noHaTneM addPEKTUBHON n3nyyatenbHon cnocobHoctn. OHa
onpeenseTca Kak HangeHHas TpaguuUMOHHBIM 0Bpa3oM u3ry-
YyaTenbHas CrnocoBHOCTb C MYNLTUMIMKATUBHOW COCTaBISAOLLEN,
YyYMTbIBaIOLWEN U3MEHEHNE TOTOKa MPU U3MEHEHUU paccTos-
HMS Mexay OOBbLEeKTOM 1 nupomeTpoM. [Mpu aToM camu Tpagu-
LIMOHHbIE COOTHOLLEHMS ANS KOPPEeKLmuy No nanyyartensbHON cro-
COBHOCTM OCTalTCA HEU3MEHHBIMU, B HUX MULLL BMECTO ObbIY-
HOW U3MyyYaTenbHOMN CNOCOBGHOCTY BXOAMT YNIOMSIHYTas Bbillie e2PP,

Bonee apdekTnBHBEIM CNOCOBOM MCKNIOYEHNSA paccMmaTpu-
BaeMOW CUCTEMaTUYECKON MOrpPeLLIHOCTU SBMNSETCH UCMONb30-
BaHMWe NMMPOMETPOB C OOBLEKTUBOM, CHaBXEHHbIM cnevuumarb-

HOM AmadparMoi 1 NO3BONSAOLWMM (HOKYCUMpOBaThb Ha NpueM-
HWK M3nyyYeHns nsobpaxeHne namepsemoro obbekTa.
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[MpoaHanu3uposaH Mpouecc KOH8eKmMuUeHoU meroomodadu wapa 8 obnacmu Masbix 3Had4eHul qucern PeliHonb0ca

(Re < 65). lNoka3zaHo, Ymo & uccriedyemol obnacmu pacyemHble rnapamempsb! CyWEeCMBEeHHO Mpesbiuarom Mosy4YeH-
Hble 3KCriepuMeHmarsnbHO ecredcmeue huauyecku HeorpasdaHHO20 3asblweHUs 8Kkrada 6bIHYyXOeHHOU KOHBeKuuU 8
cymmapHyto. CoenaH 8b1800, coz2racHO KOmopomy Onsi ykasaHHOU obracmu OO/mKHO ¢hopmMupo8ambscsi 0moOesibHoe
KbumepuarnbHoe ypasHeHue 8uda, Kak MUHUMYM, keadpamu4yHo20 ronuHoma o qucny PelHonbdca.

Knrouesblie cnoea: pacxodomep, KOHBEKUUS, xapakmepHbie paduyc u duamemp, KoaghghuyueHm mernnoomoayu,
KpumepuarnbHoe ypasHeHue, memrnepamypa omHeceHus:, Jyucna [paczogha, PeliHonbdca, Hyccenbma.

The process of convective heat transfer from a sphere at low Reynolds numbers (Re < 65) is examined. By
comparing the parameters of convective heat transfer — heat transfer coefficient (or Nusselt numbers) found
experimentally with those calculated from criterial equation we show that in the investigated region of Reynolds
numbers these parameters are much higher than the calculated ones due to physically unjustified overstatement of the
contribution of forced convection to the total. According to our conclusion for low Reynolds numbers a single criterial

equation should be formed representing at least a quadratic polynomial for the Reynolds number.
Key words: flowmeter; convection, characteristic radius and diameter, heat transfer coefficient; criterial equation,

reference temperature, Grashof, Reynolds, Nusselt numbers.

VMccnepoBaHnio koadpduumMeHTa TeNnooTAaum Lwapa, OTHO-
csuerocsa K nnoxo obrekaeMblM Tenam, npy pasfmyHbIX YCro-
BMSIX MOCBSILLEHO HE OYeHb MHOro paboT. lNMoa pasnuuHbIMK yc-
NoBYAMY MOHMMAaETCs, nNpexae Bcero, obnactb yucen PeliHonb-
aca (Re), Ana koTopown CTPoMTCS Ta UK MHas KputepuanbHas
3aBUcMMOCTb. B akcnepumeHTax [1] ¢ TennoBbIMKM pacxogome-
pamu rasa Re = 0 ... 60. [NNoaTomy 13 umeroLMXCcs B nutepaType
dopmyn ansa pacyeta uncen Hyccensra (Nu) ans wapa B 1abn. 1
npuBeAEeHbl TOMNbKO Te, NMPUMEHEHNE KOTOPbLIX BO3MOXHO Mpu
Manblx 3HavyeHusx Re (3geck Pr, Gr — uncna MNpaHatns m Mpac-
roga, COOTBETCTBEHHO). /3 Tabn. 1 cneayer, uto pacyeTHble dhop-
MyIbl CYLLLECTBEHHO OTNUYAlOTCA ApYr OT Apyra, HO BO BCeX Ter-
rnooTAava wapa 3a Cc4eT TEMnonpoBOAHOCTM — OOHOrO U3 KOM-
NMOHEHTOB €CTECTBEHHON KOHBEKLMN — YYUTbIBAETCS OAMHAKO-
BbIM obpasom: Nu = 2. Takoe 3Ha4eHue nomny4veHo B [5; 11], npu
atoM Nu = Nu(d) = ad/A, T. e. xapakTepHbIi pa3mep Wwapa B
npoLecce KOHBEKTUBHOM TeMNnooTAaun paBeH aunametpy d
wapa (o — ko3 purLMeHT TennooTaaum, A — TeNoNpoBOAHOCTb
cpeasbl).

UsmepumenbHas mexHuka Ne 10, 2012

O6wumm gnsa GonbmMHCTBa hopMyn SBNSETCA OTNNYKNE cria-
raembix, OMMCbIBaKOLLMX TennooTgayy B no6OBON M KOPMOBOM
yacTax wapa [3, 4, 7—9]. PewieHuns nonyyeHbl Ans criy4as nocro-
SHHbIX TEnoU3NYeckux CBONCTB cpeabl, T. €. pacnpegeneHue
CKOpOCTW ByAeT Takum e, Kak 1 AN U30TepMUYecKoro Teve-
Hus. Ha puc. 1 B rpadhuyeckom Buae npeacTaBreHbl BCe KOMMO-
HEHTbl KOHBEKLUW, CyMMapHas 1 akcnepumeHTansHas. [peBbl-
LeHe NnoboBOro KOMMOHEHTa Haf KOPMOBbLIM BO BCeM Auana-
30He Re cHwxaeTca ¢ 4,7 go 3,5 pasa (cm. puc. 1, kpusblie 2, 7).
MpakTnyeckn NOCTOSIHHLIM OCTaeTCsl BKrag, BHOCUMbIA Tensno-
NPOBOAHOCTBLIO rasa (kpmBas 3), HE3HAYUTENBHO CHWXasChb 3a
cYyeT BBeOEHMS MONpaBky B KOIMMULMEHT TENNONPOBOAHOCTH
npu yMeHbLUEHUN TemnepaTypHoro Hamopa 6.

CTpykTypa nocneayloLlmnx 4neHoB, cogepxawmx Re n Pr,
CUIBHO 3aBUCUT OT 06NacTu 3Ha4YeHW ATUX Yncen, T. €. OT TOoro,
Kakne 13 NepeyvvcrieHHbIX Hbke (PakTOpOB YYMThLIBAKOTCA U Ka-
Kas cpefa nogpasymeBaeTcd — ra3 WU XXMOKOCTb, MOCKOMbKY
Y HUX O4YeHb pasHble 3HadveHus Pr. Otmetum, 4to B obnacTu
Re = 0 ... 40 pacyeTHble yncna Nu nexar Bbille HangeHHbIX
9KCMepMMEHTanbHO.
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