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AHHOTaNMA

[Ipennoxxena W peanu30BaHa METOAMKA IMPEUU3MOHHON KPHOTCHHOW KalnnOpOBKM JaTYMKOB TEeMIIEpaTyphl. YCTaHOBKa
CMOHTHPOBAaHAa HA OCHOBE I'€IHEBOTO KPHOTEHEPaTopa M MO3BOJSET OCYNIECTBITh KaIHOPOBKY TEMIEPATypHBIX AAaTINKOB
Pa3IMYHBIX THIIOB B IIUPOKOM JHAIa30HE TEMIIEparyp, BKIrodas kpuoreunyio obmacts (25-100 K). B kauecTBe 3TaoHHOrO
npubopa B yCTAaHOBKE HCIONB3YETCsl KOHACHCAIIMOHHEIH TEPMOMETp, B KOTOPOM PabOUNMU ra3aMHy SIBIISIOTCS BOJOPO, HEOH,
aproH M KCCHOH. YCTaHOBKAa YCIICLIHO INpHMEHeHa Juisi nperusuHoHHo# (¢ TouHocThio 0,1 K) KamuOpOBKH IUIATHHOBBIX
TepMOMeTpoB conporusicHus Tuna Pt-100 st MexIyHapOIHBIX sAepHO-(Gu3HYecKix skcrepumertoB MuSun u PolFusion.
Bo03M0XHO IIpMEHEHNE YCTAHOBKH JUIsl KATMOPOBKH TEMIIEPATyPHBIX JaTYMKOB IPYTHX THIIOB.
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Abstract

A calibration technique for cryogenic temperature sensors is proposed and implemented. The experimental setup is based on
the helium cryogenerator, providing calibration of the temperature sensors of various types in wide temperature range,
including cryogenic band (25-100K). A condensation thermometer with hydrogen, neon, argon and xenon as working gasesis
used as a reference sensor. The experimental setup was successfully used for precise (0.1K precision) calibration of platinum
resistive temperature detectors (Pt-100) for international nuclear physics experiments MuSun and PolFusion. The setup can
also be used for calibration of temperature sensors of the other types.
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BBenenue

CucremMa NpEenU3HOHHOTO KOHTPOJS TEMIIEPaTypbl — HEOThEMJIEMasl 4acTh OOJBIIMHCTBA COBPEMEHHBIX
ANEepHO-(PU3NUECKUX IKCIIEPUMEHTOB. B HEKOTOPBIX Cilydasx, HalpHMep, MPU CO3AAHHH KPHOTEHHBIX CHCTEM,
KOPPEKTHOE M3MEPEHHE TEMIIEPATYphl CTAHOBUTCS OCOOCHHO BaXKHBIM. JIabopaTopust KpHOTEHHON U CBEPXIIPO-
Bomsiieit Texuuku (JIKCT) Cankr-IleTepOyprckoro MHCTUTYTa SACPHOW (U3HKH C YIaCTHEM COTPYIHHKOB H
ctynentoB Yausepcurera MTMO ocymiecTBIseT psaa IPOSKTOB ¢ MHUPOKUM IMPUMEHEHHEM CHCTEM TeMIepaTryp-
HOro KoHTpois. Ilpumepamu Takux paboT SIBISIOTCS MEXIyHApOIHbIE SACPHO-(DU3MYECKHE DKCHEPHUMEHTHI
MuSun [1] u PolFusion [2].

LleHTpanbHBIM JIeTEKTOpOM 3KcriepuMeHTa MUSUN CiTy>KHUT KpHOTE€HHash BPEeMSIPOCKIMOHHAs KaMmepa
(CryoTPC), 3anonnenHas neiTepueM npu Aasnenuu 5,1 6ap u remmeparype okoio 31 K [3]. Otnnuue temnepa-
TypbI ICHTepHs B KaMepe OT TeMIIePATyPhl OXKIIKSHHS [PH TAKOM JaBICHUHN cocTapnser” Menpie 1 K, uto Hama-
raeT KeCTKHe TpeOOBaHMS Ha TOYHOCTh U3MEPEHHUS TEMIIEPATYP B JETEKTOPE.

Psin BcioMoraTenbHbIX KPHOTEHHBIX HIOACKCTEM JIETEKTOpa obecednBacT TpebyeMy o XuMudeckyto [4] u
M30TONHYECKYIO [5] uncroTy pabodero raza. Kpome Toro, cucreMa KpHOTEHHOTO OXJIX/ACHHS U TEMIIEPAaTypPHOM
CTaOMIIM3aLUH 3apsII0BO-4yBCTBUTENBHBIX MPENLyCHINTEICH HCIONb3y€eTCsl IS TOBBILICHNUS TOYHOCTH M3Mepe-
HHSI CUTHAJIOB AeTekTopa [6]. Bee ot momcucTeMsl TakKe OCHAIICHBI TEMIIEPaTyPHBIME AaTIUKAMH TSl TOYHO-
TO U3MEPEHHUS TEMIIEPaTyp.

B skcnepumMente POIFUSION mperu3rnoHHOe U3MEPEHHE TEMIIEPATYPhl B KPUOTEHHON 00JIaCTH HCIIOJb3Y-
€TCs B CHCTEME OXJIAXK/CHUSI COILIa aTOMapHOIO M MOHHOTO MCTOYHUKOB; Psi/i TEMIEPATYPHBIX JaTYUKOB yCTa-
HOBJICH TaKX€ BO BCIIOMOTATENIbHBIX MOICHCTEMAX YCTAHOBKH [ 7].

PacripocTpaHeHHBIM METOIOM M3MEpPEHHsI TEMIIeparyp SBISETCSl HCHOJIb30BaHNE TUIATHHOBBIX JaTYHKOB
conpoTuBIeH s, JIaTUHKH 3TOrO THIIA KIACCH(HIMPYIOTCA® M0 paboueMy AHANA30Hy TEMIIEPATYp IPHMEHEHHS
1 HOPMHPOBaHHOMY H3TOTOBHUTEIEM HOMHHaNbHOMY conpotusienuto npu 0°C. Hanbonee pacnpocTpaHeHHBIM
seisieTest Tan Pt—100 (HomuHaneHoe conpoTuienne 100 OM), MPUTOMHBIN K MCIIOIB30BAHHMIO B ITMPOKOM JHa-
TIa30He TeMIIeparyp, BKJIIOYasi KPHOTEHHYIO 001acTh. JlaTanky 3Toro Thmna o61agaroT BEICOKOW CTaOMIIBHOCTHIO
TEeMIIEpaTypHOI 3aBUCUMOCTH COIIPOTUBIICHUS BO BpeMEHU. J{JIsl NPELU3MOHHBIX U3MEPEHUN KaXKAbIN SK3EMILIISIP
TaKOTO yCTPOMCTBa TpeOyeT TOUHOW WHAWBHUAYAIFHONW KATHOPOBKH. DTa KaaHMOpOBKA 3aKIII0YaeTCs B MOCTPOE-
HUM TEMIepaTypHOW KPUBOW CONPOTHBICHHS IO AaHHBIM ITaJOHHOTO TepMoMeTpa. B kauecTBe mociemaHero
MOXKET OBITh IPUMEHEH KOHJICHCAIIMOHHBINA TEPMOMETD.

Hcnonb3yemass MeToiMKa KaJIMOPOBKU COBMENIAET B ceOe JOCTOMHCTBA METO/A KaJHMOPOBKH B PEMEPHBIX
TOYKaX W METO/Ia CPABHEHUSI C ATAJOHHBIM TEPMOMETPOM, ITO3BOJISISI PONU3BOJHUTE KaTMOPOBKY HECKOJIBKHX TEp-
MOMETPOB OJJTHOBPEMEHHO /ISl IIMPOKOTO JTHara3oHa TEMIIEPaTyp, a He B OTACIbHBIX (PMKCUPOBAHHBIX TEMIIepa-
TYPHBIX TouKkax. KpoMme Toro, MeToanka I0ImycKaeT aBTOMAaTH3aLHIO Ipoliecca KaTuOPOBKY U CO3JaHNE aBTOMa-
THYECKON CHCTEMBbI KaTHOPOBKH TeMIIEPATyPHBIX AATIHKOB [8].

Jns pemenns 3a1a9u KaaTMOPOBKH TUIATHHOBBIX TEPMOMETPOB CONPOTHUBIICHHS B dKcriepuMenTax MuSun,
PolFusion a Takxe B Apyrux mpuiokeHusx cuiamu JlaGoparoprn KPHOTEHHOM M CBEPXIIPOBOISIICH TEXHUKH
(JIKCT) ®I'BY IIHUA® C ygacTHeM COTPYIHHKOB W CTymeHTOB YHuBepcuteta UTMO Gbuta co3maHa sKCIepu-
MEHTaJIbHasl yCTAaHOBKA HA OCHOBE JIBYXCTYIIEHYATOTO IeJIEBOT0 KPHOT€HepaTopa.

Hacrosimas paboTta cofepKUT OMucaHus KOHCTPYKIMN YCTaHOBKH, IPUHIIUIIOB €€ PaOOTHI U METOIUKH.

CxeMa yCTaHOBKH

OcHoBa ycranoBku (puc. 1) — IByXCTymeHUaThIid KproreHepartop ¢ mnpeaenom temmeparypst 20 K Ha Bro-
poii crynenu 6 u 78 K Ha nepBoii cTynenu 7 oxJjakaaeMoi rojoBku. Oxiaxaaronasi MOIIHOCTh CTYIEHEeH co-
crasiser 10 Bt n 40 Bt coorBercTBeHHO. M3roToBeHHas 13 Menu KOHJICHCAMOHHAas Kamepa 5 coexnHeHa co
BTOpO# cTynensto. Kanubpyemsle narauku 4 ycTaHOBIICHBI Ha KOHAEGHCAMOHHOM stueiike. O0e cTyneHn oxJax-
JlaeéMOH TOJIOBKM KPHOTEHEpaTopa M KOHJICHCAIIMOHHAsI KaMepa ¢ KaInOpyeMbIMU JaTYNKaMH pPa3MElICHbl BHYT-
p¥ BakyyMHOTO 00Bbema 9.

CurHaspHble MPOBOJIA OT KaJHOPYEMBIX AATYMKOB 4Yepe3 BaKyyMHBIE Pa3beMbl COECAMHEHBI C KPEHTOM
KOHTPOJIbHO-U3MEPUTENILHOM JICKTPOHUKHU 8, PACIOIIOKEHHOH BHE BaKyyMHOTo o0beMa. KannOpoBouHbIN ra3
MOCTYINAeT B KOHJCHCAIIMOHHYIO s4eiiky M3 OajuioHa 3 yepes KallUIIPHYIO Ta30BYI0 MarHCTpajb,; IoJada rasa

! Thermophysical Properties of Fluid Systems. http://webbook.nist.gov/chemistry/fluid/
2IOCT P 8.625-2006. TepMOMETpBI CONPOTUBIICHUS U3 IUTATHHBI, MEAU M HUKeNs. OOIIHMe TEXHUUCCKUE TPEOOBaHUS 1
metozs! ucnbitannii. Beenen. 01.01.2008. M., Crangaprundopm. 2008. 27 c.
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MOXET OBITh OTCEUECHA PYYHBIM BEHTWIIEM 2. JlaBiieHHe B KOHACHCAIIMOHHOH sUeiike B MpoIlecce M3MEepeHHUH
KOHTPOJIMPYETCSI MPELU3UOHHBIM JaTYNKOM AaBiIeHus 1.

YcTaHOBKa OCHAIllEHA aBTOMAaTHYECKOM CHUCTEMOM M3MEPEHHs, IMOCTPOCHHOM Ha MUKPOIPOLECCOPHBIX
m3MepurensHbix Moayasix AICS [9] m DAQ32 [10]. Cuctema obecriednBaeT OXHOBPEMEHHOE H3MEPCHHE
16 naTyMKOB TEMIIEpaTyphl, a TAK)KE aBTOMAaTHYECKYI0 CTa0MIM3allUIO JAaBJICHHUS B KOH/ICHCAIIMOHHON KaMepe.

Puc. 1. Cxema ycTaHoBkU: 1 — AaTuuK A@BREHUs!; 2 — BEHTUNb; 3 — GanmoH ¢ kKanMbpoBOYHbIM rasom,
4 — xanubpyemble AaTyYMKK; 5 — KOHAEHCALMOHHas kamepa; 6 — BTopas CTyneHb kpuoreHepaTopa; 7 — nepsasi
CTYNeHb KpUoreHepaTopa; 8 — KPENT KOHTPOMbHO-U3MEPUTENILHON 3NIEKTPOHUKU; 9 — BaKyyMHbI 06beM

Kpuorennas c6opka ycTaHOBKH

Kpuorennast c6opka ycraHoBku (puc.2) cobOpaHa HEIMOCPEACTBEHHO Ha OXJIAKIAEMOW TOJOBKE
kpuoreneparopa 10, mpudeM BakyyMHBII 00beM COOpKHM 2 W BaKyyMHBIH KOXYX TOJOBKH 6 OOBCIUHEHBI
nocpeacTBoM ananrtepa 8, nsroropienHoro B crannapre | SO-K100.

Puc. 2. KpnoreHHas cbopka ycTaHoBku (kabenv u psg BcnoMoraTenbHbIX 371IEMEHTOB He NokasaHbl):
1 — BaKyyMHbIVi aganTep rasoBol NMHUK; 2 — BaKyyMHbI 06beM; 3 — KOHAEeHCaUMOHHas Kamepa;
4 — nonHognanasoHHasa BakyyMHas namna; 5 — BakyyMHbIN pasbeM CUrHanbHbIX NPOBOAOB; 6 — BaKyyMHbIA KOXYX
KpuoreHeparopa; 7 — TypboMoneKkynapHbln Hacoc; 8 — agantep; 9 — KOsbLIO TEeNMOBOro nepexasara
nepson cTtyneHu; 10 — oxnaxxgaemas roroska KpuoreHeparopa

BakyymHBIl 00beM cOOpKHM OcHamieH HabopoM BakyyMHBIX mmiTynepoB tuma |SO-K100 u 1SO-KF25, ¢
TTOMOIIBI0 KOTOPBIX OOECIeUnBaeTCsl MPUCOSIMHEHNE K yCTaHOBKE HeoOxomumoro obopynoBanusi. Tak, depes
amantep 1 ocyIiecTBiIeH BBOJ KalMULSIPHOM Ta30BOM JTMHHUH; TpU 24-KOHTAKTHBIX BAKYYMHBIX pa3zbema 5 ciryxar
JUISL pacIIpelieNieHHs] CUTHAJIBHBIX [TPOBOJIOB; K CpeJHEl YacTH BaKyyMHOro o0beMa IPHCOSIMHEHBI TypOOMoIIe-
KyJSIpHBI Hacoc 7 ¥ MOJHOAMANa30HHas BakyyMHas yamma 4. OTkauka TypOOMOJIEKYJIIpHBIM HacocoM obectie-
YMBACT TOIEPIKAHHE TEMIOM30IMPYIOIIEro BakyyMa Ha ypoBre 10 ® MumGap; BakyyMHas JTaMIia Io3BOJISET
KOHTPOJIMPOBATh 3TOT yPOBEHb B TEUCHUE BCET0 BpeMeHH n3MepeHuii. KonaeHcanuonnas kamepa 3 IIOTHO TpH-
COCIIMHEeHA K OXJaXKJaeMOH roJIOBKEe KpHOTeHepaTopa MOCPEeICTBOM clienuaibHoro ¢uanna. s mydmei o6Tio-
palyy KOHICHCAMOHHON KaMephl 1 KOHTAKTHOW MOBEPXHOCTH CTYIEHH IIPUMEHEHO YIUIOTHEHHE W3 MHIMEBON
¢onpru. s yMeHbIIEHHs TEIUIONPUTOKA IO CUTHAJIBHBIM ITPOBO/IAaM OPTraHW30BaH TEIUIOBOH MepexBaT Ha Iep-
BYIO CTYIIEHb 4epe3 neppoprupoBaHHOE aJFOMUHHUEBOE KOJIBIIO 9.
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Kounencannonnast kamepa (puc. 3) — y3ei, cocTosmmuit u3 MaccuBaoro (okoio 1 xr) MemHoro kopmyca 3
¥ TePMETHYHO BIASHHON B HEro 3ariylIKh 2 ¢ KaIILIIPOM ra3oBoii muaun 1. Tonocts 7 06bemMoM 4 cM B mpo-
1ecce M3MEPEHHS 3alloNHICTC KOHIeHcaroM paboduero rasa. Kopmyc umeer ¢uanern 9 it mioTHOTO coeanHe-
HUS C OXJIaXaeMOM TOJIOBKOM KpHOTEHEparopa W MPOTOUKY JUIs pasMernieHus Harpesarens 5. KamuGpyemsie
JATYUKH 3aKPEIUISIOTCS] Ha KOHACHCAI[MOHHOMN STYCHKE B MEIHBIX KapTPUKAX pa3IMyHON KOHCTpyKiuu 4, 6, 8.
Jlns pasMelIeHHss W 3aKpEIUICHUs. KapTPHDKEH B KOPIyCe KOHIEHCAIMOHHOM sSYelKM MNperyCMOTPEHO
12 orBepcruit P4 u 48 pe3nb0oBbIX oTBepcTHil M 3.

-
=
=
-

Puc. 3. KongeHcaunoHHas kamepa: 1 — kanunnsp rasoBon NuHun; 2 — 3arnyuika; 3 — Kopnyc;
4, 6, 8 — BapuaHTbl KapTpuaKen Ang TemnepaTypHbIX AaT4MKOB; 5 — HarpeBaTernb; 7 — ra3oBasi EMKOCTb;
9 — donaney

HJ'DI 3alMUTHI XPYIKUX JAaTYMKOB IPU MOHTAXE U IJIA O6eCHe'—{eHI/I51 JIyqIunx yC.HOBI/Iﬁ TCIUIONCpEeaAaun
ObLIM pa3paboTaHbl BCIIOMOTATENBHBIE YCTPOMCTBA (Hajee — KapTpumkn). KOHCTPpYKIUS KapTpuKa MoKasaHa
Ha puc. 4. KapTpuk cocTouT U3 MeIHOM BKIAAKA 1 ¢ OMHOM WM HECKOJBKUMH MEIHBIMU TpyOKaMu 3 BHYT-
PEHHUM JUaMeTPoM 1—2 MM, YTO COOTBETCTBYET pa3Mepy JaTduka. BKIajaKka MMEET HECKOIBKO I0CAJI0UHbIX OT-
BEPCTHI JUIs PUCOENUHEHUS KAPTPHIKA K KOHIECHCALIMOHHOM KaMepe MM JIPYroMy ycTpoicTBy. Takas KOHCT-
PYKLIMs KapTPHIKa MO3BOJSET U30€KaTh OMMOOK M3MEPEHUs TEMIIEPATYPBI BCIEACTBUE HAPEBA UyBCTBHUTEb-
HOTO 3JIEMEHTa H3MEePHTEIBHBIM TOKOM [11, 12].

2 e s 1

~

Puc. 4. MNpepoxpaHnTenbHbIi KAPTPUIPK AN AaTYMKOB TeMnepaTypbl: 1 — MefHasi NnactTuHa; 2 — AaTyuk;
3 — kopnyc (Tpybka); 4 — ne4yaTHasa nnaTa

HpHHIIHH JieficTBUSI KOHAEHCAIMOHHOTO TepMoOMeTpa

[IpencraBuM KOHICHCALMOHHBIA TEPMOMETP B BUJE ABYX COOOIIAOIIMXCS 00beMOB (pHC. 5): «remnoro»
1 «XOJOIHOTO0». «Teruislii» 00beM Vi HaXOIUTCs IIPY KOMHATHOH TeMITepaType 1 BKIIIOUAET B ce0s BCE «TETIIbIE»
coCyzbl, TPYOBI, QUTHHTH, KJIATIaHbl, BHyTPEHHUE €MKOCTH MaHOMETPOB U MPOYHUE MOIOCTH. «XOJIOAHBIN» 00beM
V, B pabo4eM COCTOSHHU HaXOIOHUTCS IPH TeMIleparype T, KOTOPYI0 HaaJexuT U3MEepUTh. B ncxonHom cocros-
HUHU 00a 00BeMa HaXOMATCS MPHU KOMHATHOH Temmeparype T, 3all0THEHBI ra3oM 10 AaBlieHus Py u 3akpeITel. B
JanbHEeHIIeM TIpu paboTe ycTpoiicTBa ra3000MeH ¢ BHEIIHeH cpenoil uckioueH. Temmeparypa T onpenensiercs
T0 JIaBJICHHIO Ta3a P ¢ mOMOIIbI0 3aBUCUMOCTH JIaBJICHHSI HACBIIIEHHBIX NApOB Padouero raza oT TeMIeparyphl.
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Puc. 5. Cxema KOH€HCaLMOHHOTo TEPMOMETpA: Ha4anbHoe cocTosiHKe (a); paboyee cocTosiHUe (6)

—

Jnst npuBeieHNsl KOHIGHCALIMOHHOTO TepPMOMETpa B pabouee COCTOSHUE HEOOXOMUMO COOIIONEHHE ABYX

YCJIOBUH:
— xuakas ¢asa V| mpucyrcryeT B oobeme V; (V) > 0);
— o0beM V, He 3anoiHeH UKol da3oii noaHocTho (06beM ra3oBoit Gassl Vg > 0 mimm V) < Vo).

Jlnist mepecyera Ioka3aHUM JaTduka JaBjieHus: P B 3HaueHUs 3TAIOHHON TeMIeparypbl Heo0XoauMa 3aBu-
CHMOCTH JIaBJICHHS HACBIIICHHBIX MTApOB BEILECTBA OT TeMIeparypsl. HanexHble sKcliepiMEHTaIbHBIC JaHHbIC
JUTSL IOCTPOGHHS TAKOH 3aBHCHMOCTH MOTYT GBITh TONyUYEHBI U3 CIPABOYHBIX HCTOYHHKOB . Jlanee JOKHA ObITh
NPOBEJICHA aNNPOKCUMAIIUS CIIPABOYHBIX JaHHBIX C MOJYyYCHHEM NapaMeTPHYEecKOil 3aBUCUMOCTH. YpaBHCHHUE
AHTyaHa sBJIsIeTCs yIOOHOMU JUIS UCIIONB30BaHUs (POPMOIA TaKOH 3aBUCHMOCTH, aJIeKBaTHO ONHCHIBAIOIICH CcrIpa-
BouHbIe AaHHbIe [13, 14]. D10 ypaBHEHHE UMEET TPH TIapaMeTpa U MOKET OBITh TIPEIICTABIICHO B BHIIC

T :L—c, 1)

A-log,, P
rae T — remneparypa, K; P — naBnenue HacwlieHHbIX napos, 0ap; A, B, C — napamerps! ypaBHeHHs: AHTyaHa.

ITpumep obpaboTku ((puTa) COpaBOUHON KPHUBOW HACHILICHHBIX ITAPOB HEOHA ypaBHEHHEM AHTyaHa MPH-
BeJICH Ha puc. 6.

40
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34 ¢
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30 |
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26
24

Temneparypa, K

JaBnenwne, 6ap
© CIIpaBOYHbIE JIAHHbIE
— ¢ur ypaBHeHneM AHTyaHa

Puc. 6. ®uT KpnBOW HACbILLEHHBLIX MApOB HEOHa ypaBHeHNEM AHTyaHa
IIpouenypa kaauopoBKu

B xauecTBe paGouMx Ta3oB Ul MPOLELYPHl KaJTMOPOBKU BEIOPAHBI YETHIPE BENMIECTBA. ITO HEOOXOIMMO
JUTSL TOTO, YTOOBI MEPEKPHITh MaKCHMAIIBHBIN JHANa30H TEMIIEparyp, COXpaHss YIPYyrocTs MapoB B IMpemeiax
pabodero auarna3oHa JaTdWka JaBieHus. VICIOIb30BaHbI CIIEAYIONINE Tasbl: BOAOPOA (IHMAIa3oH TeMIieparyp
20-30 K), neon (25-36 K), apron (81-104 K) u xcenon (164-212 K). Jlyst BcexX BEUIECTB TOMYUCHBI TApaMeTpPhI
ypaBHEHHSI AHTyaHa almpOKCHMAIHell CpaBouHbIX JaHHBIX [15—17]. HeBsizka anmnpokcumaru (pura) He mpe-
BeiraeT 0,05 K niist Beex BelecTs B paboueM Juana3oHe AaBICHHH.

JUoist ICKITIOUEHMS BIMSIHUSI IPUMECEH Ha KPHUBBIC JUTS KATHOPOBKH MCIIOIB3YIOTCSI TOJIBKO BHICOKOUHCTHIC
rasbl; ra30Bble EMKOCTH M JMHUHM YCTAHOBKH BaKyyMHPYIOTCS M MHOTOKPATHO MPOMBIBAIOTCSl KATMOPOBOUHBIM
ra3oM Inepe]| Ha4yaaoM U3MEPUTENLHOM POy pHI.

TounocTtn JaT4YUKa OAaBJICHUSA KaK 3TAaJIOHHOI'O an/I60pa SIBIIACTCA BeHHQI/IHOﬁ, Ol‘[pe[leﬂﬂ}olﬂ,el‘/ll TOYHOCTb
KaMOpoBKH. B paccMaTprBaeMoM METOIE€ MOKHO MPOBEPHTH TOYHOCTH DTOTO JaTdMKa B OJHOM TOYKE HEMO-
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CPEZICTBEHHO B Tpoliecce KaauOpOBKH. Eciii oxjaniuTh 3armoHEHHYIO KaJIHOpPOBOYHBIM Ta30M CHCTEMY HIKE
TeMIepPaTypbl TPOIHON TOYKU AJISA JAHHOTO BELIECTBA, JOOUBIIMCH 00pa30BaHUs TBEpAOH (asbl, a 3aTeM HadaTh
HarpeB mogaveil HeOOBIIO MOCTOSHHON MOIITHOCTH, TO TEMIIEpaTypa M JaBICHHE B KOHICHCAIMOHHON KaMepe
OyIyT pacTH MEIJIEHHO W NPAKTHYECKH JIMHEHWHO, T.€. COCTOSHUE CHCTEMBI B Ka)XKIbIH MOMEHT BpeMEeHHU Oyner
6nu3Ko K paBHOBecHOMY. 10 JOCTHXKEHUH TPOHHOM TOYKH OOJIbIIas YacTh TEIJIOBOM SHEPrHU OyAeT MOTpayeHa
Ha KOMIICHCAIIMIO TEIUIOTHI IU1aBieHus oOpasoBasiieiics TBepaoi dasel. Temneparypa u gaBieHue OyayT mocro-
SIHHBIMH B TE€UEHHE BCETr0 BPEMEHHU ILIaBJICHUs, a IIOCIIe NCUepIaHus TBEpAOil a3kl MPOAOIDKAT TMHEHHBINH POCT.
B pesynbrare Ha rpaduke gaBieHHs 00pa3yeTcsi TOPU30HTAIBHBIN y4aCTOK, COOTBETCTBYIOIINHA TPOHHOM TOUKe.
IapamMeTph! TPOITHOM TOUKH IS KaX[0r0 KaIHOPOBOYHOIO Ta3a M3BECTHbI C BHICOKOI TOUHOCTBIO . COIOCTABHB
HU3MEPEHHOE JABIECHUE B TPOMHON TOUKE CO CIPAaBOYHBIM, MOXHO CHENIaTh BBIBOJ O JOCTOBEPHOCTU MOKa3aHHUH
Jarduka. B JaHHOM ciydae pacxokieHue 3TUX BesmunH coctaBmiio 0,6 MOap mpu 3asBICHHOW TOYHOCTH JaT4u-
ka 5 m0ap.

Run3_1.7T13.#46 | =
300 - - i ! gl
- e
2501
200
:1 2 T=p0+pl+x+p2sx*pdsx+ pasd
150 PO = -242.301 + 0.0176799
- p1=2.27801 4 0.00130191
=-7.53133e-005 = 3.97324e-005
100" e

7 = 0.01788080

50 i / 0.132793 + 0.000141355
I Chi2 | NDF = 434.386 / 36

Status = 0 [3]. Prob = 7.6Te-070
TTTT o

0 20 40 60 80 100 120
Rn, Om

Pwuc. 7. SkcneprvMeHTanbHble AaHHbIe 1 KanubpoBoyHasa kpmBas Aatdmka Pt-100.
T_p — Temnepartypa 3TanoHHOro TepmomeTpa, Rn — conpoTusneHve garyvka
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Puc. 8. Mpaduk HeBSA3KM KannMbpoBovHOW hyHKUMK AaTymka Pt-100

[TocnenoBarenbHOCTD AEUCTBHH MIPH KATHOPOBKE 3aKIIFOYAETCS B CIEAYIOIIEM.
1. Uszmepenue.
1.1. Cucrema 3anoHseTCsl COOTBETCTBYIONIMM KOJIMYECTBOM ra3a v OXJIAXKIaeTCsl.
1.2. CucreMa ynpaBiieHHs1 CTaOMIIM3HUPYET JIaBlieHHe Ha ornpezeaeHHoM ypoBHe ot 0,5 6ap 10 8 6ap ¢ marom
0,5 Gap.
1.3. llpu cTabunu3anuu TEMIEpaTypbl U COOTBETCTBEHHO HaBICHHUs (M3MEHEHHE TeMIepaTrypbl He Oonee
0,05 K B Teuenue 5 MuH) UX 3HaYCHUS KOMUPYIOTCS B TAOIHILY.
1.4. Tlosropsrores maru 1.2 u 1.3 111 Bcero auana3oHa AaBICHUS, IOCIE Yero MPOUCXOANUT CMEHa rasa.
2. TlocrpoeHue KaMMOPOBOYHBIX (DYHKLUIA JUTS OTACIEHBIX Ia30B.
2.1. Ing xaxaoro rasa KpuBas JaBJICHHS MEPEBOIAMTCS B KPUBYIO STAIOHHOH TEMIIEpaTyphl IIEPECYETOM I10
ypaBHEHHIO AHTyaHa.
2.2. Touku BOAOpPOAA 1 HEOHA MEpeKphIBaOTCs B quana3oHe temneparyp 25-30 K. Eciu oHu He coBmaiaior,
TO JIaTYMK HE MPUMEHSAETCS Ul TeMIIepaTyp HIDKE TeMIIEpaTyphl )KUIIKOTO a30Ta.
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2.3. DkcrniepuMeHTallbHas 3aBUCUMOCTD TAJIOHHOI TeMIepaTypbl oT conpoTuieHus narunka T = f(R) an-

Ps

IIPOKCHUMHPYETCs IIOIMHOMOM BHIa T = Po + PyX+ p2X2 + p3X3 + Pp4€% , THE X — CONpPOTHUBIICHUE JaT-

ynka, OM; T = Py... P5 — K03 (PUINEHTHI ampoKcuManuy. Pe3ynsraToM sSBIsSeTCs HOCTPOSHHE Kanno-

POBOYHOI (GYHKIINH, IPUMEP IJIs1 OTHOTO U3 3K3eMIuIsipoB narunka Pt-100 npuBeneH Ha puc. 7.
2.4. Crpourcs rpaduk HEBS3KM I KaKJOTO NATYMKa, KOTOPHIA ITOKa3bIBa€T KadeCTBO KAIHOPOBOYHOM

¢yukiwn (puc. 8).

3akaouenne

Pa3paborana, n3rotosieHa, UCMbITaHA U YCIEUIHO MPUMEHEHa YCTaHOBKA /sl KaJMOPOBKY 3HAYUTENLHO-
ro (6osee 50 eanHMIY) KOTUYECTBA TIATHHOBBIX TEPMOMETPOB compotusneHus tuma Pt-100. Jlarunku ycremHo
MPUMEHEHBI JTsl OCHALICHHS CHCTEM TEMIIEPaTyPHOTO KOHTPOJIA B SkcnepumenTax MuSun u PolFusion.
VYcraHoBKa MOXET OBITH NMPUMEHEHA Ul KAIMOPOBKM JATYMKOB JIPYTHX THUIIOB B JIHANa30HE TEMIIEPaTyp
20-300 K ¢ Tounoctsto He xyxe 0,1 K. Takas amanranms TpeOyeT JHIIb U3TOTOBJIECHHS KOMIUIEKTa COOTBETCT-
BYIOILIMX KapTpHIKeH U1 pa3MelleHUs JaTYMKOB Ha KOH/ICHCAIMOHHON sTYeiiKe.
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