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UccnepoBaHne BOCnponsBoaANMOCT KpUBbIX MJiaBJ1IeHNA
n 3aTBepaeBaHnNA O0JioBa B Manora6apvrrH0|7| amnyne

E.B.BACWJIbEB, A. A. UTHATOB, M. . KAJINHWH, N1. A. MAPKVUH

Bcepoccutickuti Hay4Ho-uccriedosamerbcKuli uHcmumym memporioaudeckol cryx6bi, Mocksa, Poccusi, e-mail: kalinin@vniims.ru

UccriedosaHa 803MOXHOCMb peariusayuu perepHol moyKku oriosa MexxdyHapoOHol memnepamypHoU wikassi 1990 .

8 MasioeabapumHoli amrysie 8 KOMIIEKMe ¢ MopmamueHbIM Karubpamopom memnepamypb! C UErbHo MO8bILLUEHUST
mo4YHocmu Memo0os Kanubposku mano2abapumHbIX MPeyU3UOHHbIX MIamuHO8bIX mepmornpeobpa3osamenel
corpomusrieHusi 90 ypO8HS MOYHOCMU 3MarioOHHbIX MEePMOMEMPO8 CONPOMUBIEHUST 8Imopo2o paspsioa. [okasaHa
HEeB03MOXHOCMb UCIMOMbL308aHUS Ol 3Mo20 Kpusbix rnaeneHusi onosa yucmomou 99,999 % e manozabapumHoli
amryne. OnpedeneHo 0bycrioeneHHoe NPUMECSIMU yMEHbWEHUE memnepamypbl IUKeudyca 0Ome4ecmeeHH020
KOMMepYecKoao osniosa. HalideHbl onmumarnbHble O paspabambigaeMbix Memodos8 KaiaubposKU pexumMbl
80CMPOU380OUMOCMU KpUBkIX 3ameepdesaHus, uccriedosaHbl ceolicmea 3mux KpusbiX.

Knrouesnble criosa: periepHasi mo4ka orioga, Mano2abapumHasi amrysa, MiamuHosbIt mepMOMEMpP COMPOMUEEHUS],
Karubposka, Kpusasi rnaeneHus, Kpueasi 3ameepoesaHus.

The possibility of the realization of tin fixed point of the International Temperature Scale 1990 in a miniature cell using
together with handheld temperature calibrator has been investigated with the purpose of rise of operative calibration
accuracy of smallsize precision platinum resistance thermometer up to echelon of accuracy of second class reference
resistance thermometers. It is shown that it is impossible to use the melting curves of tin with a purity of 99,999 % in a
miniature cell for this purpose. The decrease of the liquidus temperature of domestic commercial tin due to the impurities
influence is determined. The optimal regimes of the reproducibility of tin freezing diagrams acceptable for developed

calibration methods are detected and that diagram characteristics are studied.
Key words: tin fixed point, miniature cell, platinum resistance ther-mometer, calibration, melting diagram, freezing

diagram.

[MoBbILLEHVE TOYHOCTM rpadyMpOBKX NNATUHOBLIX TEpMOnpe-
obpa3zosaTteneii conpotusrneHust (MTC) no3BonseT yMeHbLUNTb
NOrpeLLUHOCTb M3MepeHuii Temnepatypbl. [ns rpagynpoBku aTa-
noHHbix MNTC (anvHa kopnyca He MeHee 550 MM) UCMOMb3YIOT-
CA Kraccuyeckve amnynbl penepHbix Todek MexayHapogHon
TemnepaTtypHon wkanbl 1990 r. (MTLU-90) B coctaBe rpomo3a-
KMX CTauMOHapHbIX YycTaHoBOK. LLMpoko pacnpocTpaHéHHble
manorabaputHble MTC KOHCTPYKTMBHO HECOBMECTWMMbI C Krac-
CUYECKMMM amnynaMu U rpagyvpyloTcs MeTodoM CRMYeHUs C
aTanoHHbIMK [TC B XMOKOCTHBLIX TepMOCTaTax v kanmbpaTtopax
TemnepaTtypsbl.
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MpumeHeHne ManorabapuTHbIX amnyn penepHbix Todek MTLL-90
COBMECTHO C MOPTaTMBHLIMU KanubpaTopamu TemnepaTypbl A&t
BO3MOXHOCTb 3HaUMTENbHO COKPaTUTL MPOM3BOACTBEHHbLIE 3aTpa-
Tbl Ha rpagyvpoBky [MTC, cylecTBeHHO noBbias €€ TOYHOCTb Mo
CPaBHEHMIO C TOYHOCTBH MeTofa crnmyeHus. B Poccum npowssof-
CTBO TakMX ammys B NPOMbILLIIEHHOM MacluTabe noka He HanaxeHo.
MmetoTcst nuLb oTaenbHble pa3paboTkv: ManorabaputHble amnyrbi
rannusi u nHams (BHewwHu amameTp 34,8 1 43,8 MM, COOTBETCTBEHHO),
npefHa3Ha4YeHHble Ansi NPYMEHEHMSI B COCTaBe kanubpaTopoB Tem-
nepaTtypbl cobcTBeHHoro npoussoacTea (HINM «3TanoH»); manoraba-
puUTHas amnyna onosa (auametp kopnyca 36 Mm) (HIM «3nemep») [1].
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BpaTopamu TemnepaTtypbl (BHyTPEHHWIA AMamMeTp Tep-

moctata 30 Mm). Hanbonee oocTynHbIM Ans 3THX Le-

._&"_ Nen ABNSeTcs OTeYeCTBEHHOE KOMMEPYECKOE Ofl0BO

OBY-000 ¢ copgepxaHuem npumeceit He Gonee 0,001

%. B Hay4HOM nuTepaType npakTu4eckn OTCYTCTBYIOT

Vo \ \ |
1 2 3 4 5 6 7

Puc. 1. ManorabapvtHas amnyna ornosa:

1—Tpy6Ka; 2 —raika; 3 — (TOpONNacToBbIN KOHYC; 4 — PTOPONNacToBOE NOKPbITUE KapMa-
Ha; 5 — kapmaH ans TepMOMeTpoB; 6 — MeTannmnyeckuii koprnyc; 7 — onoso Mapku OBY-000

Bo BHUMMC 6binu paspaboTaHbl M peanuaoBaHbl KOHCTPYKLMM
MarnorabaputHbIX amnyn avametpoM 29,8 MM ans Bocnpoussene-
HWS penepHbIX Touek rannus (29,7646 °C) n niausa (156,5985 °C) B
nopTaTuBHLIX KanmbpaTtopax Temnepatypbl (BHYTPEHHUA AuaMeTp
TepmocTata 30 Mm) [2, 3], co3aaHbl cnocob 1 cuctema onepaT1BHOMO
KOHTPOISi CTabMNbHOCTM 3TaNOHHbIX U Npeum3noHHbIx MTC [4, 5], me-
TOA, LIMKIMMYECKOro BOCMPOU3BEAEHNS HAa4arnbHOro y4acTka nnaTo Kpu-
BOV MnaBneHus rannus [6], a Takke MeToabl 1 CPeacTBa KanmnbpoBKn
marnorabapuTHbIX amnyn rannus [7].

[ns paclwmpennst obnact rpayvpoBKU MPELM3NOHHBIX Maro-
rabapuTHbix MTC Ha ypoBHe TOYHOCTM 3TanoHHbIX MTC 2-ro n 3-ro
paspsigoB Ao 250 °C notpeboBanock paspaboTtaTb ManorabaputHyo
amnyny onosa (231,928 °C), coBMeCTUMYIO C NOPTaTUBHLIMW Kanw-

Puc. 2. YctaHoBKka ans muccnegoBaHunst ha3oBblix NepexofoB OnoBa B
mManorabapuTHoW amnyne:
1 — NPEeUn3NOHHbIA MUKPOMPOLLECCOPHBIN ABYXKaHAMNbHbIA U3MepuTenb
Temnepatypbl MUT 8.20; 2 — MMKPONPOLLECCOPHbIN KanmbpaTop Temnepa-
Typbl RTC-700; 3 — 3TanoHHbIN NNaTUHOBLIN TEPMOMETP COMPOTUBIIEHNS
C KBapueBbIM kopriycom OTC-25 HyneBoro paspsiga
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CBEIEHMSI O NpOTekaHUM ha3oBbIX NEPEXOOB NEPBOrO
poza B onose unctoton 99,999 %. Nwvetotcs nogpob-
Hble MCCneaoBaHUs TONbKO ANsi CYLLEeCTBEHHO Gonee
YMCTOrO OJI0Ba, KOTOPOE MCMOSb3YEeTCs, Hanpumep,
B MEpBUYHbIX dTanoHax Temnepatypbl. B HacTosiuen
cTaTbe NpeAcTaBneHbl pesynbTaTbl WCCrenoBaHuiA
BOCTPOM3BOAMMOCTMN KPUBLIX MIaBleHnsl 1 3aTBepae-
BaHusi onosa OBY-000 B manorabapuTHoii amnyrne.

OKcnepuMeHTanbHasa ycTaHOBKa Afsi BOCNPOU3BEAEHUS TOu-
KM NNaBneHusi U 3aTBepAeBaHus oroBa. KOHCTpykumus manoraba-
PUTHOI amnysbl OfoBa, pa3paboTaHHoN B OTAEene MeTPOSIorM4YECKOro
obecneyeHus TepmomeTpum BHUMMC, nokasaHa Ha puc. 1 1 coctouT 13
MeTannmyeckmx kopnyca 6 (anuHa 150 mm, BHeLLHWU anameTp 29,8 Mm)
B hopMe LMNMHAPUYECKOro CTakaHa U kapMaHa 5 ansi TepMoMeTpoB
(anuHa 120 mm) ¢ hToponnacToBbIM NOKPLITUEM 4, (HTOPOMIACTOBOMO
KOHyca 3, raku 2 n Tpybku 1. AmMnyna 3anonHseTCsl OfloBOM 7 Mapku
OBY-000 ¢ cogepxaHnem 4uctoro metansna He meHee 99,999 % co-
rmacHo ctaHgapTy [8]. Macca onosa B amnyne coctaensiet 370 1.

[epmeTyHOCTL aMnyrnbl 06ecneynBaeTcst YNoTHEHNEM Coeau-
HeHus1 kopryca 6 ¢ (hTOponyIacToBLIM KOHYCOM 3, B KOTOPOM ycTa-
HOBMEH kapMaH 5 anst TepMoMeTpoB ¢ dnaHuem. Tpybka 7 npeaHa-
3HaYeHa An1s MOTPYXEHUst U U3BMEYEHNST aMnynbl 13 kanubpaTopa
Temnepatypbl. OTANYUTENBHOM OCOBEHHOCTBIO JAaHHOW amnyrnbl no
CPaBHEHMIO C KIACCUYECKMMU aMmyrnaMu OrioBa sIBMSOTCS Npume-
HEHVE HOBbIX MaTepuarioB U TEXHOMOMMM 3aLUMUTbI METaNIMYEeCKuX
[etarne, KOHTaKTVpYyloLWMX C OfoBoM. BrnepBble ans atvx uenen
BMECTO YMCTOro, HO HEJOCTaTOMHO MPOYHOTO rpadmTa, Obin Ucronb-
30BaH anomuH1eBbIn cnnas 16T, a Ha BHyTpeHHVE MeTannuyeckne
NOBEPXHOCTN amnyIbl Obl1 HAHECEH TOHKUIA 3aLLUTHBIA Cron Topo-
nnacta-4 TonwuHomn 80 MKm.

OKCneprMeHTanbHbIE MCCReaoBaHUsi BOCTPOW3BOAMMOCTU Kpui-
BbIX MMaBfieHNs U 3aTBEPAEBaHMS OfloBa B 3TOW ammyrne MpoBo-
OWnnCb Ha yCTaHOBKe, Moka3aHHOM Ha puc. 2. B eé coctaB BXxogaT
NPEL3VOHHBIA MUKPOMPOLIECCOPHDBIN ABYXKaHaNbHbIA U3MEPUTENb
Temnepatypsl MAT 8.20, MMKponpoLeccopHblii kannbpaTtop TeMne-
patypbl RTC-700 1 3TanoHHbIN NnaTyHOBLIN TEPMOMETP CONPOTUB-
neHus ¢ keBapueBbiM Kopnycom OTC-25 HyneBoro paspsiga. YcTa-
HOBKa MO3BOMSIET OCYLLECTBSATL JKCNEPUMEHTLI B aBTOMATUHECKOM
pexume, Npu KOTOPOM KPUBbIE MIaBNEHNs 1 3aTBEpAeBaHUs oTobpa-
XarTca Ha JUCTee KOMMbTEPa B peanbHOM mMaclutabe BpeMeHM,
a n3MepuTenbHas MHGOpPMaUUs C MOMOLLBH MUKPOMPOLECCOPHOTO
U3MepUTENst TemMnepaTypbl COXPaHSETCA B NaMsAT KOMMbIOTEpa As
nocrneaymwLLern CTaTucTM4eckon obpaboTku.

Peanusauus KpuBbIX NNaBneHUss onoBa B ManorabGapuT-
HoW amnyne. B pykoBoAcTBax MO peanu3aumn penepHbIX ToYek
MTLLU-90 ykasbiBaeTcs1, Y4TO BOCMpOM3BEOEHNE TOYKM OfioBa Cylue-
CTBEHHO 3aBWCWUT OT YWUCTOTbI MeTanna U MMeeT OoCOOEHHOCTM Mo
cpaBHeHuo ¢ apyrumu metannamu [9, 10]. Ecnm onoso cogepxut
npumMecK, To TemrnepaTypa ero nnasneHust yMeHbLLAETCS C yBenuye-
HMeM KOHLEeHTpauun npumecen. MNpyu HeoLHOPOAHOM pacnpenene-
HUM NpUMecel B TBEPAOM OFOBE €ro NiaBMNeHNE HAYHETCS BHavarne
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B TOYKE C MaKCUMMaribHOM KOHLeHTpaumen npumeceir. B atom cnyyae
npoLiecc nnaeneHust 6yaeT conpoBOXAaTLCS MOCTOSHHLIM MOBbILLE-
HMeM TeMnepaTypbl MO MEPE NOCTENEHHOTO YMEHbLLEHMWS NOKaNbHON
KOHLIeHTpaLumn npumMecent B TBEpAoN dase. [1ocTosaHCTBO TemnepaTy-
pbl NMaBneHnst BO3MOXHO TOMbKO MPY MOSHOCTHH OAHOPOAHOM pac-
npeZeneHny npumeceii no Bcemy 06bEMy TBEPAOro OrloBa B amnyrie.

[nst nonyyexus Takoro o6pasuia B [10] pekomeHayeTcs cneumans-
Hasi npoLeaypa NoaroToBkM amnynel. MNpegsaputensHo HeobxoaMmo
pacnnaBuTb ONOBO, BbIAEPXATb €ro B KMAKOM COCTOSIHUM HEKOTOPOEe
BpeMsi, HeobxoauMoe Ansi BbIPABHMBAHWSI KOHLIEHTPALMN NPUMECEN
B 06bEMe 0Opasla, a 3aTeM MakcuMmaribHO ObICTPO OCYLLECTBUTH
3aTBepaeBaHue onosa. lNpu BbicTpoM 3aTBEpAEBaHUM MexdasHast
NOBEpPXHOCTb ByAeT nepemMeLLaTbCsl BHYTPYU aMnysbl ObicTpee, Yem
OyayT nepepacnpenenaTsca NpUMecK 3a cHET anddysnmn B Knakom
chasze. B pesynbTate pacnpeneneHne npumeceit B ObICTpo 3aTBep-
[eBLiem ornose byaet 6onee o4HOPOAHBIM, YeM NpY MEAJSIEHHOM 3a-
TBEpAEBaHWUMN obpasLa.

B pa6orte [11] npeacTtaBneHbl pe3ynbTaThl UCCNEAOBAHNS PEXM-
MOB NMaBneHust 1 3aTeepaeBaHns onosa vmctoton 99,9999 %. Mo-
Ka3aHo, YTO Mpu BbINOSIHEHUM BbICTPOrO NOArOTOBUTESNLHOMO 3aTBEP-
[eBaHus onoBa B TeyeHne 10 MUH KpuBas NraBreHUst UMEeT SIBHO
BbIPaXXEHHbIA FOPU3OHTArbHbIA Y4acToK, KOTOPbIA He HabngaeTcs
npu anutensHoM (6onee 9 4) NOAroTOBUTENBLHOM 3aTBEpAeBaHum. B
3KCMepYMeHTax aBTOPOB HACTOSsILLEW CTaTbu Nepes Kaxdon peanu-
3aLmelt KpMBOWA MNaBeHKsl oroBa B ManorabapuTHOM amnyrne npo-
u3BoamMnach npeasapuTenbHas NoAroToBKa Ass nonyveHust obpasua
TBEPAOro 0f10Ba C MakcyMaribHO OAHOPOAHON KOHLIEHTpauueln npu-
Mecel B COOTBETCTBUM C YKasaHHbIMY Bbille pekomeHgauuamm [10] n
C Y4ETOM 0COBGEHHOCTEN MccreayeMorn amnynbl (MeHbLUME pa3mepbl
amnyrbl 1 Macca ornosa). [NoaroToBka Bkntovana cneayoLme onepa-
umK: HarpeB amnynbl 4o TemnepaTypbl 240 °C; Bblaepxky onosa npu
3TOM Temnepatype B TedeHne 60 MWH C nocrneaytoLmm 3aTeepaesa-
HMeM oroBa B amryre BHe kanmbpaTtopa npv KOMHaTHOW Temnepary-
pe npuMepHo B TeyeHne 10 MuH.

KpvBble nnaeneHnsi NogroToBneHHOro obpasLia oroBa perncTpu-
poBanucb Mpu pasHbIX CKOPOCTsIX ha3oBoro nepexofa, obycros-
NEHHbIX Pa3HON 3adaHHON paboyeit TemnepaTypoli B kanmbpartope.
MHorouncneHHble peanun3aumum KpUBbIX NiaBneHUs 0rioBa, NomnyYeH-
Hbl€ MPW pa3HbIX TEMMepaTypax B kanubpatope, HaunHasi ¢ Temnepa-
Typbl, NpeBbILLAOLLEN TeMMepaTypy penepHomn Touku onosa ot 0,3 °C
0o 1 °C, He ganv NonoXxuTenbHbIX pe3ynbTaToB.

Ha puc. 3 npencraBsneHa kpuBasi NnaeneHUst ofioBa nNpu Temne-
paType B kanubpaTope BblLLie penepHo Touku onosa Ha 1 °C; obLuee
BPEMSsI NnaBneHns cocTaBnsieT npuMepHo 40 MyH. dTa KpuBasi Npak-
TUYECKN HE UMEET rOPU3OHTANBHOIO y4acTka U SSIBHO HENPUrogHa Ans
kann6poskm MNTC, Tak kak No Helt HEBO3MOXHO TOYHO ONPeaeNnuTbL Ha-
yaro npolecca nnaeneHusi, U TeMnepatypa nNnaBneHWst 4JOCTaTO4HO
ObICTPO N3MEHSIETCSI CO BPEMEHEM.

[MonbITKM NOMYYMTb KPMBYHO MIaBMeHNst GonbLIEN NPOTHKEHHOCTM
C ropy30oHTarnbHbIM NaTo Npy TeMnepaTypax B kanubpatope, 6onee
Grn3KmX K penepHol TOHKe ONOBa, HE NPUBENY K XKeNaeMoMy pesyrb-
Taty. Hv npu kakux ckopocTsix nnasnexusi onosa mapku OBY-000
yuctoTorn 99,999 % Ha kpUBOW He HabNKAAETCSA 3HAYUTENBHOTO ropy-
30HTasnbHOro nnato. AuarpaMmmbl UMEOT MOCTOSIHHbIA MONOXUTENb-
HbI HaKMOH. TaKoW XapakTep KpUBbIX MIABNEHUS CBUAETENLCTBYET
0 TOM, YTO MpeaBapuTeEnbHAs MOATOTOBKA MCCReayeMOon ammynbl
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Puc. 3. KpuBas nnaBneHusi onoBa npu Temnepartype B kanubpatope
233 °C

yKa3aHHbIM BhblILLE CNOCOBOM He MNO3BOMSIET CYLLECTBEHHO BbIPOBHSITb
KOHLIEHTpaLWN npuMecell B 06bEMe TBEPAOro 0ONoBa, U HEOOHOPOA-
HOCTb pacnpefieneHuns npuMmecen B 06bEme obpasLia oCcTaéTcs cyLLe-
cTBeHHOW. Bonee GbicTpoe 3aTBepAeBaHME C UCMOSb30BaHWEM Crie-
LmanbHbIX METOAOB BbIMOMHUTL AOCTATOYHO CIIOXHO, MO3TOMY Npea-
CTaBnsieTcs HelenecoobpasHbiM. M3 pe3ynbTaToB 3KCNEpUMEHTOB
crnefyeT BbIBOA, O HEBO3MOXHOCTU MPUMEHEHUST KPUBBIX MIABNEHNS!
onosa mapku OBY-000 B ManorabaputHol amnyne Ans kanmbposku
NPELM3NOHHBIX 1 3TanoHHbIX [TC.

Peanusauus KpuBbIX 3aTBepAeBaHUs OfoBa B Manorabapur-
HoW amnyne. Peanu3auus npouecca 3aTBepAeBaHus 0510Ba BbIMos-
HAMacb C Y4ETOM pPEKOMEHZALMIA MO BOCMPOW3BEAEHMIO PENEPHON
Toukm onoga [9, 10] B knaccn4ecknx amnynax 6onbLUMx pasmepos ¢
onoBoM uuctoToi Gonee 99,9999 %. MaBHON 0COGEHHOCTBLIO MPO-
Liedypbl 3aTBEpAEBaHUs SBNSieTCs ryboKoe NepeoxnaxaeHue xua-
KOro OloBa HWXKE TEMMepaTypbl 3aTBEpPAEBaHUS C MOCNeyHoLLen
pekanecueHLmen (CaMonpon3BosibHLIM YBEMUYEHNEM TEMMEPATYPHI
oroBa o Temnepatypbl 3atBepaeBaHus) [10].

Mpouenypa peanu3aumnm KpyBbIX 3aTBEPAEBAHKS OnoBa BbIMOI-
HAMack B HECKOJIbKO 3TanoB. Ha noarotoBuUTENnbHOM 3Tane amnyna
BMecTe ¢ aTanoHHbIM [TC HarpeBanack B kannbpaTtope [0 Temne-
patypbl 240 °C u BblidepxvBanacb npu 3Ton Temnepartype B Teue-
H1e npuMepHo 60 MUH NS BbIPaBHUBAHWS! KOHLEHTPaLMW NPUMECEN
B 00bEMe xuakoro onosa. [lanee npu MOHWKEHUM TemnepaTtypbl B
kanmbpaTope Ao 220 °C xwuakoe onoBo oxnaxaanock 6e3 nssneve-
HUst amnynbl U3 kanubpaTtopa. MNpoLecc oxnaxaeHust oroBa KOHTPO-
nvpoancs atanoHHbIM MNTC. MNpu AOCTUKEHUN PENEPHONO 3HAYEHUSI
Temnepatypbl onosa 231,928 °C ero oxnaxaeHve He npexkpaLLanoch.
BosHukano nepeoxnaxaeHne pacnnaBneHHOro ofoBa.

OT 4ero 3aBUCUT NepeoxnaxaeHne, ToYHO He mnasecTHo. B [10]
yKa3aHo, YTO [nsi BbICOKOYMCTOrO OFioBa B KIACCMYECcKMX ammyrnax
nepeoxnaxaeHme moxet gocturatb 25 °C. B [12] akcnepumeHTansHo
0BHapyXeHo, YTO Ansi NPUMECH CypbMbl NEPEOXNAXKAEHNE YMEHbLLA-
€TCs1 C YBENMUYEHNEM €€ KOHLIEHTPAaLIMK, 1 NPY KOHLEHTpaLmMm npume-
ceii Boiwe 2,5-10~% oTnagana Heo6XxoaYMOCTL U3BNEKaTL amnyry 13
neym ans obecneyveHunst npoLecca NepeoxnaxaeHus.

B uccnenyemoit manorabapuTHo amnyrne nepeoxnaxaeHve no-
cTurano 3HaveHun B uHTepeane 2,5-11 °C. 3atem HaumHancs npo-
LiecC pekanecLeHLUmn pacniaea, YTo perucTpupoBanoch 3TanoHHbIM
TepMomeTpoM. B 3TOT MOMEHT B kanubpaTope 3ajaBanack pabodas
Temnepatypa Ha 0,2—1 °C Huxe TemnepaTypbl penepHor TOYKW Ans
OCYLLECTBIEHMSI KOHTPONIMPYEMOTO NpoLiecca 3aTBepaeBaHnsl orosa
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Puc. 4. KpuBas 3aTBepaeBaHus ornosa npu temnepartype B kanubpatope 231,80 °C

B aMnyne nocrie 3aBepLUeHust pekanecueHumn. MNoBbILLEHWE TeMNepa-
Typbl 0f10Ba 10 TOYKU MUKBUAYCA U YCTAHOBIEHNE KBA3UCTaLMOHaAPHO-
ro pexxvma 3aTBepAeBaHus OCyLLeCTBANUCh B TedeHne 10—15 muH.
YTo6b! KpUBbLIE 3aTBEPAEBAHMS MOXHO ObINO MCMONb30BaTh Ans
KannBpoBKM, Ha HUX AOMKHbI MPUCYTCTBOBATL Kak MOXHO Bonee npo-
TSDKEHHbBIE FOPU3OHTarNbHbIE YYaCTKM NnaTo. ATo AOCTUraeTcs yBEnu-
YEHVEM NPOJOIPKUTENBHOCTW BCETO MNpoLiecca 3aTBepaeBaHus, T. €.
YMEHbLLEHWEM CKOPOCTY KpUCTanmnu3aumum, Ans Yero creayeT yBenu-
4yuTb pabouyto TemnepaTtypy, Npubnikasi eé 3HavyeHne K Temnepary-
pe penepHo TOYkK, a TOUHee, K Temnepatype nukeuayca. Ha puc. 4
npefcTaBneHa TUMWYHAsS KpUBasi 3aTBepAeBaHUsi OroBa C MpoTs-
XEHHbIM NnaTto, nonyyeHHasi B kannbpaTope Temnepatypbl RTC-700
npu pabouyeit Temnepatype 231,8 °C. KpuBasi nmeet paspbiB (Co-
CTOMT KaK Obl U3 ABYX BETBEW), Tak Kak €€ HWKHSASI YacTb, XapakTe-
pu3ytoLLasi NPoLIECC pekarnecueHUmn, Ha puc. 4 He nokasaHa. Mocne
OKOHYaHMSI Mpouecca pekanecueHuMn B amryrie OocTaTouHo Obl-
CTPO YCTaHaBMUBAETCS KBA3UCTALMOHAPHBIA PEXVUM 3aTBEpAEBaHNS

BrogxeT HeonpeAenéHHOCTU U3MEpPEHUS TemMnepaTtypbl 3aTBepaeBaHUA ofloBa

onoea. TemnepaTypa, peructpupyemasi atanoHHbim [1TC,
yMeHblUaeTcs Ha 8 MK B TeUeHMe YeTbIpéX YacoB 3aTBepae-
BaHWsl. Ha HayanbHOM yyacTke nnaTo AfMTENbHOCTLIO 1 Y
TemnepaTtypa NMHUM NUKBMAYCa NOHWXaeTcs He bonee yem
Ha 1-1,5 MK. 3TOT yyacTok BNofnHe NpurodeH Ans peanusa-
UMM onepatvBHoro Metogda kanubposku MTC c npenenom
ponyckaemon norpewHoct 0,02 °C. Kpusble 3aTBepaeBa-
HUSI ONOBa, AaXe C MPOTSPKEHHBIM MnaTo, BOCMPOW3BOAST-
Csl ropasgo MpoLle, YeM KpvBble MraBreHus, U Temnepary-
pa HayanbHOro yvacTka ONUTENIbHOCTBI MpuMepHo 1-2 Y
6nmska k Temneparype nUKeMayca.
Cratuctuyeckasd o6paboTka 3KCnepuUMeHTaNbHbIX
baHHbIX. [Ina KpuBbIX NnaBneHVst onoBa Takasi obpaboTka
He MpoBoAMIach, Tak Kak Mo pesyrbTataM MHOMOYUCHEHHbIX
3KCMEPUMEHTOB MO WX peanu3aumn Obin caenaH BblBO4 O Helene-
€006pa3HOCTH UCMOSb30BaHWS peXxumMa NnaeneHnst ansi BOCMNPOun3-
BELIEHVSI PENEPHO TOYKM OroBa B MariorabapuTHoO amnyne Bcrea-
cTBME GONbLUIOV TPYAOEMKOCTU M Maroi TOYHOCTY BOCMPOU3BELAEHMS
TeMnepaTypbl NNaBreHns 051oBa.

Cratuctuyeckasi 0bpaboTka KpuBbIX 3aTBEpAEBaHNS OfoBa No-
3BOISIET NOMNYYUTb MHGOPMALMIO O CPEAHMX 3HAYEHUSIX TeMMepaTy-
pbl HaYanbHOrO y4yacTka MnaTo Mpy KBa3MCTaLMOHAPHOM pEXVME,
yCcTaHoBMBLLEMCH B TedeHue 20—25 MUH nocrne Hayana oxnaxge-
HWsi pacnnaeneHHoro onosa. Mo pesynstatam 06paboTku Havarnb-
HbIX FOPU3OHTAsbHBLIX Y4acTKOB AnMTenbHOCTH 30 MUH Ans Aecs-
TW peanu3auuii KpUBbLIX 3aTBEPAEBaHNS ONOBa C MCMOMNb30BaHUEM
OTC-25 (atanoHHoro MTC) npu paboyei Temnepatype B kanubpa-
Tope 231,81 °C nonyyeHo cpefHee 3Ha4YeHUe TeMnepaTypbl 3aTBep-
nesaHus ornosa OBY-000 tCID =231,9237 °C. brogxeT Heonpeaenéx-
HOCTW M3MepeHusi TemnepaTypbl 3aTBepaeBaHus orosa OBY-000
npeacTaBreH B Tabnuue.

OcHoBHbIe (haKkTopbl, BRuAOWME Ha
perucTpupyemMyto Temneparypy ¢gpasoBoro
nepexopga onosa OBY-000 B manora6a-

VICTOYHUK HeonpeaenéHHoCTH

puTHOM amnyne. TemnepaTtypa ha3oBOro

CnyyalnHble adpeKTbl Mpy U3MepeHnsxX
(HeonpegenérHHocTb Mo Tuny A)

HeonpenenéxHoctu no tuny B

pagyvpoBka aTarloHHOro TepMoMeTpa

HecTtabunbHOCTb 3TaNoHHOro TepMoMeTpa 3a MHTepBarn
mMexzay noBepkamu

HeTo4HOCTb M3MepuTenst TemnepaTypbl ABYXKaHanbHOro
npeunsmoHHoro MUT 8.20

PaspeluatoLas cnocobHOCTb (AUCKPETHOCTL) N3MepuTens
Temnepartypbl MUT 8.20

HectabunbHocTb nsmeputens temnepatypsl MUT 8.20 3a
VHTepBan Mexzay nosepkamm

CymmapHasi cTaHgapTHasi HeonpegenéHHOCTb

PaclunpeHHas HeonpeaenéHHoCTb

HeonpegenéHHocTb
nepexoda onoBa NepBoro poaa B mManoraba-
B TeMnepaTtypHomM o

o pUTHOW amnyne Hanbornee TOYHO PerucTpu-
akBuBanexte, °C N
pyeTcsi Ha Ha4YarnbHOM y4acTKe NraTo KPUBOWA
0,00009 3aTBepaeBaHusi. 3HaueHre aTol Temnepary-
pbl, n3mepsiemoe atanoHHbIM MTC, 3aBmcut
oT psija dakTopoB. Hanbonee cyliecTBeH-
0,00060 HbIMW B paccMaTpyuBaeMOM Cryyae SIBMsioT-
Cs1 JaBrieHne rasa B amryre Hag MeTasnsoMm,
0,00058 rmgpocTaTMyeckoe [aBreHue pacrinaBieH-
0.000032 HOro mMeTanna, npumecu B ofoBe, OTBOA Te-
’ MNMOBOW 3HEPrnM Mo KOprycy TepMoOMeTpa U
HarpeB 4YyBCTBUTENBHOIO 3reMeHTa TepMo-

0,0000577 pes Hy P
MeTpa M3MepuTenbHbIM TokoM. [1Ba nocrnea-
0.00061 HUX chakTopa NMPUBOASAT K U3MEHEHUIO MOKa-
3aHUIA TEPMOMETPA, HO He BIMSIIOT Ha TeMre-
0,00104 paTypy ¢ba3oBoro nepexoga, a Tpu NepBbIxX
0.0021 pearnbHO M3MEHSIIOT TeMnepaTypy ¢©a3oBoro

lMpumeyaHue. PaclumpeHHas HeonpeaenéHHOCTb NomyYyeHa YMHOXEHWEM CTaHOapTHOW Heorpe-
[EenéHHOCTU Ha KoadMUMEHT oxBaTa k = 2, COOTBETCTBYIOLLUIA YPOBHIO AoBepusa P=95 % npwu

AonyleHnn HopmMmarbHOro pacnpeneneHus.
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nepexopa.

BrnusHne paeneHus rasa B aMmnyne Hag
pacnnaeBfieHHbIM  MeTannoMm W rngpocratu-
Yyeckoro JdaBneHusi ctonba pacnnaBneHHoro
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0roBa oueHvBaeTcs no metoauke u3 [9]. a3 B amnyne nmeeT Hop-
ManibHoe aTMoctepHoe AaBrieHue Mpy KOMHaTHOW Temnepatype.
Amnyna 3akpbiTa repMeTnyHo. [Npyu NoBbILEHMU TemnepaTypbl 40
505 K (TemnepaTypa nnaBneHusi orioBa) AaBrieHve rasa rnosblLLaeT-
Csl NPUMEpPHO Ha 72 kla, YTO NPUBOAUT K YBEMUYEHMIO TEMNEPATYPbI
nnaeneHus Ha 2,4 MK. BeicoTa ctonba pacnnaeneHHoro orioBa co-
cTaBnsieT 12 cm. 3a CHET rMapocTaTMHecKoro AaBrneHus Temnepary-
pa nosbiwaetca Ha 0,3 MK. B utore Temnepatypa penepHon TOYKK
BCNEACTBME BNUSHWS [aBMEeHUst BO3Ayxa ¥ cTonba pacnnasreHHoro
ONnoBa yBeNUYMBaETCS NpUMEpPHO Ha 2,7 MK.

BnnaHve otBoga Tenna no ksapuesomy kopnycy OTC-25 oueHu-
Baroch No pesyfibTataMm CPaBHEHUS U3MEPEHHBIX 3HAYEHWIN TEMMe-
paTypbl 3aTBEpAEBaHNS OroBa 3TUM TEPMOMETPOM B kanunbpaTtope
Temnepatypbl RTC-700 npu pasmepax BbICTyMatoLLmMxX YacTen Keap-
ueBoro kopnyca TepmomeTpa 330 1 70 MM (nocneaHuii obecneymsan
6onbLUyto ryOuHy norpy»keHust). YCTaHOBMIM, YTO B NOPTaTUBHOM
kanubpatope nokasaHusi [TC ymeHbLatoTes Ha 0,3 MK.

BnvsiHve HarpeBa UsMepuTenbHLIM TOKOM YyBCTBUTESLHOTO 3r1e-
MeHTa aTanoHHoro TepmomeTpa OTC-25 onpegensanock B npouecce
U3MEpPEHUS ero CONPOTMBIIEHNS NMPY ABYX PA3MIMYHbIX 3HAYEHMSIX TOKa
W NPUBELEHUS €70 K HYNEeBOMy TOKy. HarpeB TepmomeTpa n3mepu-
TenbHbIM TOKOM MNpY TeMrnepaType 3aTBepAeBaHu1si 0fioBa NPUBOAUT K
YBENUYEHMIO NMOKa3aHWii aTanoHHoro TepMomMeTpa Ha 0,3 mMK.

Haunbonblumii Bknag B CMeLLeHWe TemnepaTypbl asoBoro
nepexopna AatT npumecu. B cnpaBoyvHol nutepaType aBTopbl Ha-
CTOsILLEN cTaTby He 0BHapyXunuM MHopMaLMn O 3aBUCUMOCTU
TemnepaTypbl ba3o0BOro nepexona OT KONMYECTBa NpUMeECEN B
ornose OBY-000 umctotonm 99,999 %. B [11] yka3aHo, 4TO TeMm-
nepaTypa 3aTBepAeBaHWUsi OroBa C KOHLEHTpauuen npumecen
1-10-% noHmxkaeTca Ha 0,304 MK. Ecnv Anst oLeHKk1 TemnepaTypei
3aTBepaeBaHKs 0floBa C KOHLEHTpaLmen npumecen okono 1-107°
MCMOMb30BaTh MMHENHYIO SKCTPanonsaLmio, To TeMneparypa k-
BMAOyca OOMMKHA CHU3UTbCS NpuMepHo Ha 3 MK. OpgHako aBTopbl
[11] oTmevatoT, 4YTO B CUMY CyLLECTBEHHON HEMUHEWHOCTU NIMHUN
NVKBUAYCA NMHENHAs 3KCTpanonsuusi He Mo3BONsSeT HagéXHo
OLIEHWTb CMeLLeHVe TemnepaTypbl PENEepPHOM TOYKU MNP MarbixX
KOHLIEHTpaLuusix npumecen. B yacTtHocTu, B 0noBe C NpUMECHIO
Xernesa nuHenHasi aKkCTpanonsiums B 06nacTb ¢ KOHLEHTpauumei
xenesa 1-10™° naéT ymeHblUeHe TemnepaTtypbl 3aTBepaeBaHns
onoea Ha 3 MK, Torga kak akcrnepvMeHTanbHO Nony4YeHHoe u3mMe-
HeHue cocTaBsnsieT 8 MK.

Okwcrbl, KOTOPbIE MO 06Pa30BaTLCS NP 3aMNOSTHEHUM aMMy bl
ONOBOM, He BMUSIOT Ha TemnepaTypy ero ha3oBoro nepexoga. J1o
cnegyeT u3 pesynbtatoB pabot [13, 14], B KOTOPbIX MOKa3aHO, YTO
OKMCTIbl HEe MPUBOAAT K U3MEHEHMIO NIMHUM NMKBMAYCA U TEMNEPATYPbI
3aTBepAeBaHusi MeTannoB penepHbix Todek MTLLU-90. 3T0T pesynb-
TaT 0OBbACHAETCS aBTOPaMU CTaTel TeM, YTO OKUCTIbI HE PaCTBOPSIOT-
Csl B MeTannax Hy B XUAKOM, HY B TBEPAOM COCTOSIHAM U HE BIUSIOT
Ha NPOLIECCHI NMaBneHns 1 3aTBepAeBaHMS METASIOB.

CyMMUpPYSI BEIMUCIIEHHBIE NMOMNPaBKY Ha BIVSIHUE AABMNEHUs], OT-
BOZ, TEMIOBOW 3HEPrMM No KOpnycy TEPMOMETPA U HarpeB YyBCTBU-
TenbHoro anemeHTa MTC n3mepuTensHbIM TOKOM, MOMyYaeM, YTO
TemnepaTypa 3aTBepaeBaHusi onosa OBY-000 B manorabaputHoii
amnyre MoHWKaeTCs BCNEACTBME BNUSHUSI NPUMeECen NpUMepHo
Ha 7 MK oTHOCWUTEnbHO TemnepaTypbl 3aTBEpAEBaHWs YUCTOrO
ornosa.
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3akntoyeHue. PesynbTaTthl UCCneaoBaHNs Nokasanu, YTo BOC-
npoun3BeaeHne KpuBbIX nnaenexHus onosa mapku OBY-000 umcTo-
Tor 99,999 % B ManorabapuTHOW amnyfie okasbiBaeTcs Gonee
TPYAOEMKON NpoLeaypon, Yem B criydae rannus u uHaus. Cneum-
anbHas noarotoBuTENbHas Npoleaypa, BKYawLwas ObicTpoe
3aTBepAeBaHve pacniaBieHHOro MeTansa ¢ OAHOPOAHON KOHLIEH-
Tpauvein npuMeceit 1 NpeaLecTsyioLlasi BOCNPOU3BEAEHUIO NPO-
Liecca nnaereHusi, He obecneynBaeT OAHOPOAHOCTY pacnpeaene-
HWSI Npumecei B 06bEMe 3aTBEepAEBLUEr0 ONoBa JaHHOW MapKu.
OcyliecTBneHune 6onee BbICTPOro 3aTBepaeBaHNs crelmanbHbIMU
MeToAamy AOCTaTOMHO CMOXHO W NPEACTaBMsieTCs Helenecoo-
OpasHbIM. Pe3ynbTupylolime KpuBble NMaBfeHUst He UMEKT ropu-
30HTaNbHOrO y4acTka U He MOryT ObITb UCMONbL30BaHbl Ans Kanu-
OpOoBKY NpeLmn3noHHbIX MTC.

KpvBble 3aTBEpAEBaHNS ONOBa BOCMPOU3BOASTCS ropasfo npo-
LLie, YeM €ero KpMBbIE NMaBneHus:, M TemnepaTtypa HayasbHOro y4acTka
rOpU3OHTaNbHOrO NNaTo AMTENLHOCTLI0 1-2 Y 6runska k Temnepary-
pe ToukM nukBuayca. Temnepatypa nuksuayca onosa OBY-000 uum-
ctoTon 99,999 % B MmanorabaputHoin amnyne, mKcupyemasi 3TanoH-
HbIM MTC Ha HavanbHOM yyacTke anuTenbHocTbio 0,5 4, cocTaBnseT
231,9237 °C.

MonyyeHHble SKCMEpUMEHTanbHblE pe3ynbTaThl NOATBEPKAAKT
BO3MOXHOCTb MPUMEHEHUSI OTEYECTBEHHOTO KOMMEPYECKOro OrloBa
OBY-000 ans W3roToBMNEHWSI OOCTYMHBIX ManorabapuTHbIX ammyi,
npefHasHa4YeHHbIX Anst KanvbpoBKM M MOBEPKWM MarorabapuTHbIX
npeuunsnoHHbIX MNTC ¢ MeTannmM4ecknM KOprycom Ha YPOBHE 3TaroH-
HbIx [TC 2-ro paspsga.
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AnnapaTHO-NPOrpaMMHbI KOMMNJIEKC 1A N3MepPEeHMA eKTPUUYeCKoro
COMPOTUBJIEHUSA METAJUIOB M CIJIaBOB NPU BbICOKNX TeMnepaTtypax

M. 10. YEPHOCKYTOB, A. i. UBJIMEB, B. B. MELLKOB, A. 0. CAMOIJ10B, A. C. COCHUH

Poccutickuti eocydapcmeeHHbIl MpogheccuoHanbHo-neda2oauyeckuli yHusepcumem

ExamepuHbype, Poccus, e-mail: mikhail.chernoskutov@gmail.com

PaccmompeH rnpoepaMMHo-annapamHbit KOMIIIEKC 9KCepUMEHMasibHOU yCmMaHO8KU, MpedHa3Ha4eHHoU
Or1s1 USMEPEHUST A7IEKMPUYECKO20 COMPOMUEBIIEHUSI MeMariTu4eCKUX MPO8OOHUKOS MpU 8bICOKUX memMriepamypax.
[MpednoxeHbl KOHCMPYKYUU 0moeribHbIX 31IeMeHmMos, rno3sonsuwue obecrnedums cmabusnisHyro pabomy
U 8bICOKYH MOYHOCMb MOJyHaeMbIX pe3yribmamos usmMepeHul. Anpobayus KOMrieKca 6bIrnosIHeHa Ha

APMKO-xxenese.

Knrodeenble crioea: aiekKmpu4ecKoe ConpomusieHue, YemblpEX3axXUMHbIU Memod U3MePEHUs, Uughpoesasi

obpabomka uHgopmayuu.

Paper shows design of experimental software-hardware setup for measuring the electric resistance of metal
conductors at high temperatures. The designs of separate elements, providing stable work and high accuracy
of the measurements results are offered. Measurement of electrical resistance of iron ARMCO is conducted

for testing purpose.

Key words: electrical resistance by four-probe measurement method, digital signal processing.

M3mMepeHusi 3neKkTpUYecKoro COMpPOTUBIIEHWSI MaTepuanoB
uvetoT Bornbluoe MpakTuyeckoe 3HadeHue. HecmoTps Ha anu-
TEMbHYID WUCTOPUIO Pas3BUTUS U MPUMEHEHWST COOTBETCTBYHOLLMX
METOZOB, B HacTosiLlee Bpemsi paboTbl MO COBEPLUEHCTBOBAHMIO
npouecca naMepeHuin akTMBHO npogosmkatoTest [1]. 3HaUMTENbHbIN
WHTEpPEeC, B YacCTHOCTW, BbI3biIBAET M3MEPEHUE 3NEKTPUYECKOrO
COMPOTMBIEHNST XOPOLUMX MPOBOAHUKOB MpW BbICOKMX TeMrepa-
Typax. OgHaKo MonesHble curHasmbl NMpy 3TOM CRAULIKOM Marlbl,
U3-3a YEro BIMSIHME LUYMOB W MOMEX Ha pe3ynbTaT U3MepeHui
BECbMa CyLLECTBEHHO. ECTECTBEHHLIM BbIXOAOM B CIOXMBLUENCS
CUTyauuy CTaHOBUTCA MPUMEHEHWE (hUNbTPaUMM CUrHamnos, no-
3BOMsAOLLEN OCnabuTe BpeaHoe Bo3gencTeue nomex. Metoabl v
cpenctea umcpoBoii 06paboTkM CUrHaNoB MO3BOMSOT CPaBHM-
TEMNbHO MPOCTbIMU TEXHWUYECKMMWU CPEACTBAMM PELUUTbL psih 3a-
[ay, TakMX Kak yBENMYEHNE TOYHOCTU U aBTOMaTU3aLmsi npouecca
namepeHun [2].
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B HacTtosiei paboTte onvcaHa pa3spaboTaHHasi aBTopamm KOH-
CTPYKUMS1 YCTAHOBKM (MporpaMmHo-annapaTHoro KOMMekca), npes-
Ha3HaYEHHON Ansi U3MEPEHUS AMEKTPUYECKOTO COMPOTUBMEHUSI Me-
TanIM4eckmMx NPOBOAHWKOB, HAXOASLUMXCS B TBEPAOM COCTOSIHWW, B
AnanasoHe Temnepatyp 300-2000 K.

MeTop uamepeHuii. ObLlaa cxema ycTaHOBKWU. XopoLune npo-
BOAHUKM 3reKTpUYECTBa — 3TO MeTansbl U crinasbl. [Ans oueHkn ux
3MeKTPONPOBOAHOCTY Bbinu pa3paboTaHbl pasnuyHble Metoabl [3].
Hanpvmep, MeToabl, OCHOBaHHbIe Ha 3akoHe OMa, NO3BONSOT NOMy-
YnTb abCOMOTHOE 3HAYEHUE BNEKTPUYECKOTO COMPOTUBIIEHUS], UTO Ae-
naet 311 Mmetoabl 6onee npuenexatensHeIMU. OHAKO NPW UCMOMNB30-
BaHWM AaHHbIX METOA0B BO3HUKAET Npobriema o6paboTki nonesHbix
CUrHarnoB, MOCKOMbKY 3IEKTPUYECKOE COMPOTUBIIEHNE COOTBETCTBY!HO-
LMX 06pasLIOB HEBEMUKO: OOLIYHO OHO 3HAYMTENBHO MeHbLLe 1 Om.
CnepoBaTernbHO, CONPOTUBIEHNE 3MEKTPUYECKNX KOHTAKTOB, MO KO-
TOPbIM MPOTEKAET 3NIEKTPUYECKUIA TOK, MMEET COMocTaBUMOE 3Ha-
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