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lpednoxeHa u aKcriepuMeHmarnbsHO npogepeHa Memooduka orpedesieHusi Mempoio2u4ecKux Xapakmepucmuk Kaaub-
pamopos memrnepamypbi C UCMOIL308aHUEM pPerepHol MoYyku 3ameepdeeaHus UHOUS 8 MUHUamopPHOU amryne ¢
rnomowbto MHozocnauHol AughgpepeHyuanbHol mepmonapbl. Memoduka no3eonsem onpedenums MoepewHocms 80C-
rpou3sodUMbIX Kanubpamopom 3HadyeHul memmnepamypbl, @ makxe eé He0OHOPOOHOCMb U HeECMabusibHOCMb.

Knroyeenle croea: perepHasi moyka, MUHUamiopHasi amryna, 3ameepdesaHue UHOUS, Kanubpamop memnepamypbl,
socripoussedeHue u rnepedaqa eOuHUUbl, HEOOHOPOOHOCMb U HecmabuibHOCmb, OughgepeHyuanbHbIt Memoo.

The procedure of determination of metrological characteristics of temperature calibrators using a fixed point of indium
hardening in miniature ampoule and multijunction differential thermocouple has been proposed and experimentally studied.
It enables to determine the error of reproducible by calibrator temperature values and its heterogeneity and instability.

Key words: fixed point, miniature ampoule, solidification of indium, temperature calibrator, reproduction and

dissemination unit, heterogeneity and instability, differential method.

B HacTosillee Bpemsa Ans BOCNPOM3BEAEHUS U Nepepayu
eauHULBI TemnepaTtypbl Npu KanubpoBke 3TanoHOB M CpeacTB
M3MEpPEHU TeMnepaTypbl Yalle BCEro MPUMEHSIIOT 3TaNoOHHbIe
nnaTvHOBbIE TEPMOMETPbI, KOTOPblE UMEIKT psifi HEAOCTATKOB.
Hanpumep, aTu TepMOMETpbl HE BCerga MOXHO MOrpy3uTb Ha
[0CTaTouHyto rnybuHy B pabo4yto kamepy TepmocTaTta Unm B Ka-
Harbl TennoBoro 6rnoka kanubpartopa. MeTponoruyeckas Hagex-
HOCTb TaKMX TEPMOMETPOB 3aBMCUT OT NPaBUIIbHOCTU UX TPaHC-
NOPTMPOBKU 1 YCINOBUI XpaHeHus. Vcnonb3oBaHne anga onpe-
[eneHns xapakTepucTuk kannbpartopa TpaguUMOHHBLIX KPYMHO-
1 faxe ManorabapuTHbIX amnyn penepHbIX TOYEK HEOCYLLIECTBU-
MO U3-3a 3HAUUTENMbHbIX PAa3MEPOB, HE MO3BONSAOLLNX NOrPy3nNTb
amnynbl B TEPMOMETPUYECKME KaHanbl Tennosoro 6noka [1, 2].

B paHHoM paboTe uccrnegoBaHa BO3MOXHOCTb MpuMe-
HEHWSI MVHWATIOPHBIX aMnyr C penepHbIMK TO4YKaMu B Kade-
CTBE 3TarlOHHbIX Mep Mpy BOCMPOU3BEAEHUM U nepepade
eavHUUbLl Temnepatypsbl. MpenmyLecTBoM 3TUX aMnyn siBns-
eTcsl Manbii 06beM, BbiCOKas MeTposfiornyeckas Haaéx-
HOCTb, @ Takxe npuemnemasi CToMMocTb, 0bycrnoBrneHHas
HebonbLuon Maccon (MeHee 10 r) UCMONb3yeMbIX B HUX OCO-
60 umcTbix MeTannos [3]. PenepHble TOYKM B TakMx amnynax
MOXXHO MPUMEHSITb B KQ4YeCTBE 3TaNlOHHbIX Mep TemnepaTy-
pbl BMECTO TPaAMLMOHHbBIX 3TaNIOHHbIX TEPMOMETPOB, Harnpu-
Mep, Npy aTTecTauun kanmbpaTopos, a Takke Npu NoBepKe U
KanubpoBKke pasnuMyHbIX TepMonpeobpasoBaTene B Xua-
KOCTHbIX TepmocTatax. OgHaKko BOMPOCHI BOCMPOM3BEAEHNS
W nepefayn efuHuLbl TeMnepaTypbl MUHUATIOPHLIMK ammny-
namu npu BbIMNOSTHEHMU 3TUX onepauui TpebytoT paspaboT-
KM COOTBETCTBYHOLLMX METOANK.

Takas meToaumka paspaboTaHa aBTopamy NPUMEHUTENb-
HO K onpeneneHnto METPONOIMYECKUX XapakTepucTuk Kkanmb-
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paTtopoB TemnepaTypbl. [Ins Bocnpou3BeaeHus Temnepartypbl
3aTBEpPAEBAHUSI YACTbIX METarsioB amnyny rorpyxanu B KaHarn
kanubpaTopa 1 ycTaHaBnuBasnu B HEM TemnepaTypy (asoBoro
nepexoda T, (nep1oa BpeMeHU T,—1T), NPEBbILIAIOLLYIO Temre-
patypy Ty, (NnaBneHua metanna — nepuos BPeMeHU T,—T,)
(puc. 1). 3atem KanuBpaTtop oxnaxaanu (Nepruoa BpeMeH! T,—
T,) OT Temnepatypbl T, o T, KOTOpas HEMHOTO HUXe Temnepa-
Typbl T, Havana kpuctannusauuu pacnnasa. lNocne Havana
3aTBepAeBaHns (MOMEHT BPEMEHM T5) B kanubpatope ycTaHas-
nveanu Temnepartypy T,, MakcumanbHO Gnmskylo K Temnepary-
pe Ty 3aTBEpAEBaHUS, PaBHYIO TemnepaType nnasneHnsi. bnu-
30CTb 3HayeHwn T, u T, obecneynsaeT CTabuUNbLHOCTL TEMMe-
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Puc. 1. TemnepatypHbiii pexum kanubpatopa T, amnynsl T, u pasHoctn AT

3TMX TemnepaTyp

41



Tennoghusuyeckue usmepeHusi

Ty, °C
A + 1 MK £2 MK +3 MK £ 5 mK
156,595 4 m T I
| Il | |
(I i . |
(I I I |
(1 I I |
[l I W |
156,580 ——H4——4 ii i >
1 2 3 4 5
T, 4

Puc. 2. CTabunbHOCTb M ANIUTENBHOCTL — PEnepHol TOUKU UHAWUS Mpu
AT = 0,05 K

paTypbl, HACTynaroLLyto Nocre neproaa BpeMeHN T;—Tg, U 3Ha-
YUTENbHYIO NMPOAOIPKUTENBHOCTL Npouecca 3ateepaeBaHns [3].
3Ty 3aKOHOMEPHOCTb MCMONb3YIT NpY peanusauum Hanbonee
ANUTENbHOWN N XOPOLLIO BOCMPOM3BOAMMON TPONHOW TOYKM BOAbI:
amnyny ¢ BOAOW NOMeLLaloT B TaloLWuii Néa, Temnepartypa KoTo-
poro Hwxe TemnepaTypbl TPOMHOM Touku Bcero Ha 0,01 K.
MpepnoxeHHas metoauka 6bina onpobosaHa nNyTémM BOC-
npovssegeHus B kanubpartope TemnepaTypbl penepHOn TOUKM
3atBepaeBaHuns nHamsa (156,5985 °C) B umnuHapuyeckon amny-
ne pasmepom 20,0x9,5 mm. BocnpounssegeHHoe 3Ha4YeHne 3Tom
TemnepaTypbl NpU ONpeaeneHnn nokasarenen TOYHOCTU Kanub-
paTopa nepegaBanv C MOMOLbIO AnddepeHunansHONn Tepmo-
napbl, KOTopasi coaepxana 4eTblpe napbl crnaes, obpa3oBaH-
HbIX N3 MEAHbIX Y KOHCTAHTaHOBbIX TEPMO3NEeKTpoaoB. Monosu-
Ha cnaeB (OMOPHbIX) MOCTOSIHHO Haxoaunacb B amnyrne, norpy-
Kaemoln B OAuH 13 KaHanoB kanubpaTtopa, a gpyrue cnau (pa-
6oune) — B CTeKNsIHHOM Npobupke, NOMELLEHHON B nccnenye-
Mbli kKaHan kanubpartopa. [NepBoHayanbHO B kanubpartope yc-
TaHaBnmBanv temnepatypy T,=157,0 °C, noctatouHyto Ans nnas-
neHvs uHans. Ytobbl NONyyYnTb NNoLWaaKy 3aTBepAeBaHus Ka-
nubpatop oxnaxganu fo Temnepartypbl T,=155,5 °C, obecneun-
BaloLLEer nepeoxnaxaeHne u Havano Kpuctannusaumm pacnna-
Ba. Mocne goctmwkeHnsa B amnyne TemnepaTtypbl 3aTBepaeBa-
HUA nHaMs (cMm. puc. 1) B kanvbpaTope ycTaHaBnuBanu Temne-
patypy T, = 156,59 °C, koTopasi Huxe Tqb npumepHo Ha 0,01 K.
OrtknoHeHna AT Temnepatypbl T, B 1MCCrielyeMOM KaHane
kanubpaTtopa oT TemnepaTypbl qu dasoBoro nepexona onpeae-
nanuno doopmyne AT=T, — Td)= AE/S, rpe AE — curHan gudbcpe-
peHumansHorn Tepmonapsl; S = 196 MkB/K — 4yBCTBUTENBHOCTH
TepMonapbl Npu Temnepatype 3aTBepAeBaHus qu.
Pesynbtatbl naMepeHuin, BbINOMHEHHbIX NO MPEAnOXeHHON
MeToavke, NOATBEPAUNU, 4YTo BGonbluas ANUTENbHOCTb 3aTBep-
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Puc. 3. OTknoHeHus Temnepatypbl AT npu nccnefoBaHusx Temnepa-

TYPHOro Monsi B KaHane kanubpartopa npu pa3Hon rinyouHe norpyxeHus
npobupkn ¢ pabounmu cnasmm Tepmonapsbi:

1 — Ha gHe kaHana; 2 — Ha BbicoTe 20 MM OT AHa KaHana; 3 — Ha

BbicoTe 40 MM OT fHa kaHana; 4 — BO3BpaT B UCXOOHOE MONoXeHNe
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AeBaHua gocturaetca npy T,, MakcumManbHO 6rm3kon K Tda' [3].
Mpy aTOM Takke BbIACHWUNOCH, YTO BNN30CTb 3HAYEHUIN STUX TEM-
nepartyp CnocobCTBYeT YyCTPaHEHUO MOrpeLlHOCTH, BbI3BAHHON
OTBOAOM Tenna no NpoBofam Tepmonapbl. YCTaHOBNEHO, YTO
npu AT = 0,05 K anutensHOCTb Nepuofa 3aTBepAeBaHus C He-
cTabunbHOCTBLIO Temnepatypbl B npegenax +1 MK cocrasnser
6onee 14, c HectabunbHocTbiO £3 MK okono 3 4, a ¢ HecTabunb-
HocTblo £5 MK Gonee 4 4 (puc. 2). o aTUM xapakTepucTukam
penepHble TOYKM B MMHUATIOPHBIX amnynax He yCTynaroT penep-
HbIM TOYKaMm, BOCMPOM3BOAUMBIM B KITACCUYECKUX amryrax.

Ha puc. 3 npuBegeHa nornyyeHHas C NOMOLLbIO ONMUCAHHON
METOAMKMN TUMUYHAS 3KCNepuMeHTanbHas 3aBUCUMOCTb CUrHa-
na puddepeHuynansHon tepMmonapsl ot BpemeHu. OnopHble
cnav TepmMonapbl Haxoaunucb B amnyrne ¢ MHavem, a pabouune
cnav — B O[JHOM M3 TEPMOMETPUYECKNX KaHanoB KanmbpaTtopa.
YyacTtok 1 COOTBETCTBYET MOMHOMY MOrPY>XXEeHU Npobupku ¢
paboyvmu crnasMu Ha AHO Uccnegyemoro kaHana kanubpato-
pa. OTknoHeHne AE ons aToro yyactka coctaBnsiet —12 mkB, uto
cooTtBeTcTBYeT AT = —0,06 °C. CnegoBaTenbHO, AEACTBUTESb-
Has TemnepaTypa Ha OHEe KaHana Hwxe TemnepaTypbl 3aTBep-
AeBaHua unHava un paBHa 156,54 °C. Tak kak nokasaHue ka-
nubpatopa npu atom 156,59 °C, TO ero norpewHocTb paBHa
—0,05 °C v He npeBbIlIaAeT YyCTAaHOBNEHHOrO A aToro npmbopa
nacnopTHoro 3HaueHusi: £0,085 °C. lNorpewHocTn Ang ydvacTt-
KoB 2, 3 ewwé meHbLUe n coctaBnsaoT meHee —0,01 °C. Temnepa-
Typa y4actka 4 COOTBETCTBYET MCXOOHOMY MOMOXKEHWUIO NPOBUp-
K/ Ha OHe KaHana u noatBepXaaeT nepBoHayanbHoe 3Have-
Hue. 3ameTHble Ha rpaduke konebaHus TemnepaTypbl OKOMO
cpefdHero 3HadeHus Bbi3BaHbl paboTon perynatopa, obecneym-
BaloLLLero ycTaHOBMEHNe 3adaHHoOW Ans kanubpaTopa Temnepa-
Typbl. Ix amnnutyga He npesbiwaeTt 0,01 °C n cooTBeTcTBYET
TpeboBaHMAM K XapakTepucTukam uccrnepgyemoro tuna kanvo-
paTtopa.

Taknum obpasom, aKCnepuMeHTanbHO NOATBEpPXAEeHa BO3-
MOXHOCTb MCMOMb30BaHWUA MWUHUATIOPHOW aMnyrnbl C penepHon
TOYKON 3aTBEpAEBaHUSA MHAWSA ANS OnpefeneHns norpeLlHoCcTr
BOCMpPOWN3BEAEeHNS, HEOOQHOPOAHOCTM U CTabUNbHOCTN Temne-
paTypbl B TEpPMOMETPUYECKNX KaHanax kanubpatopos. [JocTo-
WHCTBOM PacCMOTPEHHOW METOAMKN MO CPaBHEHWIO C Tpaauum-
OHHOW, OCHOBaHHOW Ha WCMONb30BaHUN 3TaNOHHbLIX NNaTUHO-
BbIX TEPMOMETPOB, ABAETCH NPOCTOTa N HAOEXHOCTb peanuay-
rowmnx eé yctponcTts. MeToanky MOXHO MCMONbL30BaTh Npu aTTe-
cTaumm kanubpaTopoB TemnepaTypbl C MPUMEHEHNEM MUHU-
aTIoOPHbIX ammnyrn ¢ penepHbIMM TOYKaMn OPYrnx MeTansoB, Takux
KaK ranmnui, HaTpui, ONoBO U LIMHK, a Takke Npu NoBepke U Ka-
nmbposke TepmonpeobpasoBaTenein B pasnnyHbIX TepMocTaTax.
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