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Abstract

Zori A.A., Kuznetsov D.N. The electronic system of graduation of primary measuring converters
of thermometers and thermoanemometers. The electronic system of graduation of primary meas-
uring converters of thermometers and thermoanemomelrs on temperature is offered. The technique
of graduation, algorithm of work of system and its software is described. The technique of process-
ing of results and criterion of selection thermisters is offered.

B nacrosmee spema 8 CKTb “TypOynenrnocts” np JIoHEIKOM HALHOHAILHOM YHHBEPCH-
rere Juit MMC usmepenns pacxoja NpHpPOAHOro rasa B KA4ecTBe NEPBHYHBIX HIMEPHTEIBHBIX Ipe-
obpasopareneit (ITMII) Tepmomerpa M TepMOaHEMOMETpPa NMPHMEHAIOTCH ManorabGapHTHEIE 1MOIY-
npoBoaHukoseie TepMucTophl CT3-19. Pasbpoc nmapamerpor 1 Goneinoil npouenTt Gpaka HEnons-
3YEMBIX TEPMHCTOPOB TPeOYIOT HHANBHIYANLHOMH rPayHPOBKH KQXKIOro H3 HHX.

3anavamn rpagyuposku [THIT o Temneparype spnsores:

— OIIpe/IeNIeHne rpaayHpoBOIHEIX KO3 GpHLIHEHTOR;

— BBISB/IEHHE TEPMHCTOPOB ¢ OOMBIIHM OTKJIOHEHHEM [IAPAMETPOB OT HOPMATHBHEIX (GpaK).

— YCTaHOBJIEHHE ODJIACTH MCIIOJIB30BAHMS TEPMHCTOPOB (TEPMOMETPHS HIIH TEPMOAHEMOMETPHS ).
3aBHCHMOCTB COITPOTHBIEHHS TEPMHCTOPA OT TEMIIEPATYPhl BEIPAXKACTCH ¢opuynnﬁ

R =R -e ®T (1)

! a L

rne  To=273,15 °K; Ry = Ri(T,); B — nocrosHusli koadduiment.

MeTouKa rpalyHpOBKH 3aKiII09aeTCs B TOM, 9TO KayKIbiil TEPMUCTOP MOMELIASTCA B KHIKYIO Cpe-
Jly TeMIieparypa KoTopoi u3mMeHsercs B npenenax pabouero auanasona (ot 0 go 130°C) u Mmoxer
ObITH ycTaHOB/IEHA, [OUIEPKaHa H H3MEPEHA ¢ BHICOKON TOYMHOCTBIO. Y CTAHABIHBAIOTCH ONpeje-
JICHHBIE 3HAYEHHMA TEMIEPATYphl M (JHKCHPYIOTCA COOTBETCTBYIONHE HM MOKA3AHMA BOILTMETPA,
MOAKTIOYEHHOrO K BhIXOJy On0ka nepsuuHoii o6paborku curnana (BITOC) ot Tepmucropa. Iony-
YeHHbIE JlaHHble 00pabaThIBAIOTCA C [ENbIO ONPEAEIeHH IPALYHPOBOYHBIX NOCTOAHHBIX (Re, B) M
0TOPAKOBKH HENPHIOAHEIX TEPMHCTOPOB.

Jlna cokpaiieHHs BpeMeHH I'PalyHpOBKH, TIOBBILIEHHS TOYHOCTH ONpPEACICHHS IpagyHpo-

BOYHBIX KO3)(HLUHEHTOB M MMHHMH3ALHM y4acTHA oneparopa Owina paipaboTaHa NIEKTPOHHAA
CHcTeMa rpaaympoBkH (puc.l.a). Ona nocrpoena Ha 6ase ogHoxkpuctansHoro flash MuxpokonTpo-
nepa (MK) ATB9C52 dupmur Atmel u 12-paspsamnoro ALl ¢ nocnefioBaTe/bHEIM BRIXOAOM
AD7895AN-10. lnanazon Bxoausix Hanpskenuit AL cocrasnser or -10 B go +10 B.
CHecTeMa 103BOJISET OJHOBPEMEHHO IPAJYHPOBATH A0 7 TEPMHCTOPOB, KOTOPHIC MOAKMOYAIOTCR
depes BIIOC ko sxonam 1-7 ananoroeoro xommytatopa AMX|1. Ha sockMO# BXOA MoJaeTcs cur-
nan ot obpasuosoro Tepmomerpa. [lpenen ponycTumoll OTHOCHTENBHON MOrPEMIHOCTH KAHANOB
BBOJA AHAINOIOBLIX CHrHanoB coctapnger +1%. JlnanasoHsl HIMEHEHHS BXOJHBIX HANpXCHHA
cucTemsl coctapanior: or =0,012 B no -1,3 B no kananam 1...7 w or 0,1 go +1,4 B no pocemomy
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KaHaiy. [lng obecnedenns 3agaHHON TOYHOCTH 110 KAHATAM BBOJA AHAIOTOBEIX CHTHAJIOB OHANAZ0H
BXO/IHBIX HAIPSIKEHUH CHCTEMBI pa3buT Ha IBa No/HANA30HA (M0 aBCONOTHEM 3HAYEHHAM ):
— TICPBHIi 110/UIHANIA30H BXOAHEIX Hanmpsokenuii — ot 0,01 o 0,14 B;
— BTOPOH NMOJUIMANA30H BXOJHEIX Hanpsikerui — ot 0,14 no 1,4 B.
Ecim ypoBeHb HanpskeHHs 110 KaKOMY-THG0 U3 KaHATOB COOTBETCTBYET IIEPBOMY MO HANA30HY,
TO CHTHAI ycunupaercs ycunureneMm Hanpsoxenus YH1 ¢ xooddummentom nepemaun Kul=70,
unave Oyner sajedcrsosan ycumutens YH2 ¢ Ku=7. Buibop ycunurens OCYIIECTB/IACTCA MpPO-
IpaMMHO ITOCPEICTBOM KoMMYyTaropa AMX2.
Jis YCTaHOBKH 3aJaHHBIX 3HAYCHHI TEMIIEPATYPH] B CHCTEME peaycMoTpeHo ¢aszosoe
YUpABICHAE MOLIHOCTEIO HArpeBaTesis. BpeMeHHbIe 3a1ep/KKi HMITYIECOB OTKPBITHS CHIIORBIX TH-
PHCTOPOB (13) GOPMUPYIOTCS MUKPOKOHTPOJLUIEPOM MPOTPAMMHO, Oraromaps yemy CymecTReHHO
YHPOIICHA CXeMa yNpaBIeHUT MOIMHOCTBIO HarpepaTess. Ha puc.1.6 npencrasnens: gmarpamme:
HaIIPAKCHAR B KOHTPOJIBHBIX TOYKAX CXEMBI, NOACHAIOIME PaboTy THPHCTOPHOTO perymaropa.
Kommaparop DA2 dopmupyeT HMIy/IsChl HU3KOTO YPOBHS B MOMEHTEI [IePEex0/ia HANPKEHHS CeTH
uepes Hyllb. DTH HMIY/IbCEI MOCTYIAT Ha BXox INTO Baemuero 3anpoca NnpepeBaHis MHKPOKOH-
Tpoiiepa. B 5TH MOMEHTEI BBIIOJIHEHHE OCHOBHOM MPOIPAMMEI BPEMEHHO IIPEKPAIAETCd H BbI-
HOTHAETCS IOATIPOrpamMMa 06paboTKH BHELIHETO NPEPLIBAHKS, KOTOPAs 3arpykaeT B CHeTHBI pe-
THCTp TaiiMepa TO MuKpoKOHTpo.UIEpa 3HAYEHHE, COOTREICTRYIOMEE 13, U 3anyckaer Taiimep TO.
IIo uctewenuro spemenn t3 taitmep TO nepenommusercs u MK (hopmupyer KopoTkHii MMIyIBC, OT-
KPBIBAIOLIMHA OJTHH U3 THPHCTOPOB.
[Tporpammuoe ofecrieuenne COCTOHT U3 MPOrPAMMEI HHHIHAIH3AIHH, noAnporpamMm obpa-
GoTkH npepeBanmit ot Taiimepos T0, T1 1 nomnporpamMMer 00paboTKK 3ampoca BHEIIHETO mpephi-
Batus 1o Bxoay INTO. AnroputM paboTsl CHCTEMEI CieIyIOMIMIL;
1) Havaibnas MHHIMATH3AIMS [IOPTOB M PErHCTPOR MHKPOKOHTPOJIIEPA 1IpH 1ojja4ye M-
TAHHA WM HAKaTHH Ha kHoTky “CGpoc™,

2) Ilepcnaya B nepcoHalbHEBLE KOMOBIOTED KOIA TOTOBHOCTH K pabore.

3) Ilomydenue OT NepcoOHANBEHOTO KOMIBIOTEPA PAA KOHTPOJIBHEIX 3HAaYEeHHH TeMmepary-
PEL

4) YcranoBka Oumkaiiinero Gombnero 3HaueHus TEMICPATYPbl H3 pAla 3aJaHHBIX KOH-
TPOJILHEIX 3HAYEHMH,

5) bbicTpeiit onmpoc kaHATOB 3a BpeMs Tony=0,8 Mc ¥ ycpeaHenHe HANPSKEHHN T0 KasyK/Io0-
My KaHaly 3a nepuof 1y,=25 Mc (110 TPHAIATH 3HaYeHHsAM ).

6) Ilepenaya pesynsraton B I1K, X BEIBOM Ha MOHHTOp /ISt TEKYIErO KOHTPOJISI ¥ 3aTHCh
B (haii.

7) TlosTop 1. 4-6 A%t KAXKIOr0 KOHTPOJIBHOTO IHAYSHMS TEMIIEPaTyphL.

8) 3asepmenne paboTEl, OTKIIOYEHHE HAIPEBATEIS.

Iepron onpoca kaHana M3MepeHHs TEMIIEPATYPH] OMpeleNseTcs YacToTodH MEPETOJHEHHS
TaiiMepa T1 u cocrasaser 0,5 cexyun, Ha pHC.2. mpencrasiena 6I0K-cxema NOJIpOrpaMMEl 0Opa-
OoTKH npepeBanusa o1 Taiimepa T1. DTa mojnporpaMMa BE3KIBACTCH [HKIHUCCKH Yepes Kaknle
0,5 cexyHn, mpoBepsieT, TOCTHIIIA JIM TEMIICPATYPA CPEIBl TEKYIIEro KOHTPONLHOTO 3HAYEHHSA, U
CCITH TOCTHITIA, TO OCYUISCTBIIACT OBICTPHI ONPOC BCEX KAHANOB, YCpPeAHEHHE HANPSKEHHI 10 Ka-
KOOMY H3 HHX H M€pefady pesynbTaros B KOMIBIOTEP. TIepHos ompoca onHOro KaHaaa HpH 3TOM
onpenengercs GopMyloi:

L= t¢'1|.J".-!)-i]—i't.*"d"rI}{fE'H:a::.l,r:‘i'tnu::|:r P (2)
FAe  tamxis tanvxz — BpPeMsA NEPEKIIIOYCHHS AHATOTOBEIX KOMMYTaTopoB AMX1 1 AMX2;

taun — BpeMs mpeobpazosannsg ALLL;

tnep — BpeMs nepenayun qanHbx ot AL k MuKporoHTpOLIEpY.

Hnst naHHoi creTeMel eproy T cocTapager nopsaaka 100 Mxc, 9TO 1aeT BO3MOKHOCTE MHOTOKpPAT-
HOI'O OIIpOCa KaHAIIOB 3a 3aJaHHBIH KOPOTKHI HHTEPBal BPEMEHH YCPeIHEHNA Tycp. C ogHoii cTo-
POHEL, 4eM MeHbIe 1'ycp, TeM MeHBIIEe H3MeHEHHEe TEMIEPATYPHI 1, ClIeI0BaTeNBHO, BEIIIE TOY-
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Puc.2. Biiok-cxema noanporpamMmer 06paboTks npepeiBanud ot Tafimepa T1.

Y

Hocte. C apyro#, — gem Oojblie 3JHA4YeHHH H3MepaeMOH BG.TIIEIIHHbI Mel OyZieM HMeThL 3a BpeMs
Tycp, Tem Beie 3(dexTHBHOCTL yCPEMHEHN)A H MeHbIIE CilyHIantas COCTABJIAIOMas OIPELIHOCTA.
OueBHAHO, YTO HEOOXOMHMO CTPEMHUTCS K YMEHBIIEHHIO [ICPHO/A ONPOCA KAKAOTO KaHala T. Oun-
HAKO 3Ta BeIHYMHA WMEeT KOHEYHOe MHHHMAIBHOE 3HA4YEHHE, OMNPENENACMOE ANNApATHBIMH BO3-
MOMHOCTAME cHCTeMbI. TIpakTHueckd GbUI0 BRIOpaHO Tycp=25 mc. 3a 370 BpeMsa CHCTEMA yClieBa-
€T ONpOCHTh Ka bl kanan 30 pas.

B 3aBHCHMOCTH OT YPOBHS CHIHaNa BeIOHpaeTcs koa(puument yeunenna Kul umu Ku2.
BBe/leHHbIe ¢ KiI0r0 KaHana HanpsHKeHHsA CyMMHPYIOTCA B MacCHBE S, H 10 HCTEYEHHH BPEMEHH
PABHOTO MEPUOAY YCPEIHCHHUSA BBIOTHAETCH ONEpallii ycpeqHeHHa. YcpejHeHHEle 3HaUCHHUA Ha-
ay mepejarTcs B [OCIEA0BATENbHEIH TIOPT HNEPCOHANBHOTO KOMIEIO-
Tepa cranaapra IBM PC u 3anHCBIBAIOTCA B aitn. [lo 3aBepIICHHI0 H3MEPEHHH HAKOIICHHEIC
JAHHBIE Gﬁpaﬁa'rhmam'rcﬂ H IO KasJI0MY TEPMHCTOPY CO3MAETCH MpOTOKOI rpagyHpOBKH, HA OCHO-
BAHHH KOTOpOro IIPHHHM&ETCH pE‘-I.l.[EHHG [ HEHECODEPHSHGCTH HCIIOJB30BAHHA JaHHOTO TEPMHCTO-
pa B TepMOMETpe, TEPMOAHEMOMETPE HIIH €T0 OTOpAKOBKA 110 IPHYHHE CHIBHOTO OTKIOHCHHA Ia-



Hayxogi npaui JoeHTY Bunycyk 38

paMeTpOB OT HOPMOTHBHBIX, yka3auuslXx B TY. B kauectse mpumepa B Tabmminax 1-3 npuBeness
TPOTOKOJE! Pe3yJIETATOR MPaJlyHpOBKH TepMHcTOpoR cepru CT3-19, ;

["panyuposka ocylecTBiIseTcs B JBYX TeMIepaTypHBIX nojuuanasodax. [lepssiii — ot 0 mo
50 °C, Bropoii — ot 100 no 130 °C. Pazbuenue Ha nojnana3oHel BEI3BAHO TEM, YTO B TEPMOMETpE
TEPMHCTOPHI paboTaroT NpH Temneparypax He soine 50 °C, a B TepMOaHeMOMETpe 3a/iaeTces Iepe-
rpee nopanka 120-130 °C. Hzmepenus npu temneparypax 80 1 90 °C BRINOTHAIOTCA € LENBIO 10-
IIOJTHATEBHOTO KOHTPO/IsL. TeMIleparype KHIKOCTH Ty COOTBETCTBYET HaNpsKEHHE TEPMHCTOpA
E;. Ilo ussecTHpIM 3HaueHHsM E; pacCuMThIBaIOTCA 3HAYEHHS CONPOTHRICHHA TepMucTOopa R, 1 ja-
nee mapamerpa B. 3arem u3 dopmynst (1) saxomar T, (TeMoeparypy, H3MEPEHHYIO ¢ [IOMOIIEIO
TEPMHCTOPA) H PacCUHTRIBAIOT abCOMIOTHYI0 NOrpemHocTh (A=Tu—T5%). Onpenensercs cpenHee
keagpaTHyeckoe oTknoHeHHe (CKO) morpemsocTd H3MEpeHHs TEMIIEPATYPEI MO IMOIIHATIA30HAM.
B nBe nocsennue KOJIOHKHA 3aHOCAT 3HAYCHHSA COTPOTHBIICHAs TepMucTopa npu 0 °C u npu 120 °C,
a TakKe ycpeJHEeHHBIE M0 MMOJTHana3oHam 3Ha4ennd napamerpa B.

Kpurepun mpuroJHoCTH TEPMHCTOpa K HCIOJIbL30BAHUS B TEPMOMETPE WM TEDPMOAHEMO-
METpE OCHOBAHEL Ha KﬂpﬂKTﬁpHUTHKﬂX LIDl'pEI.].[HGCTH HIMEPEHHA C €0 MOMOINEID TEM]IE’I}&TF]JH,
KputepusaMH, B 9aCTHOCTH, SBJIAHOTCA YPOBEeHb aOCOMKTHOR NOrPEmHOCTH A, XapakTep ee pac-
npeJeeHHs 10 TeMIIepaTypHEIM nojauanazoHam, a Takke CKO norpemHocTs maMepenns TeMie-
paTypel B mo/yiHanasonax. IIpakTayeckn Golee 3HaYMMBIM SBISETCH KPHTEpHil oTGopa TepMuCTO-
pos 110 CKO pasHoCTH H3MEPEHHBIX M HCTHHHEBIX 3HA4YCHHH TeMneparyp B nojiuanaszonax. 1o se-
mayrHe CKO B mepBoM nojnpanasoHe NPHHHMAETCH PElIEeHHE O NPHTOAHOCTH TEPMHECTOpA K MC-
HONB30BAHHIO B TEPMOMETPE, BO BTOPOM — B TepMoaHeMoMeTpe. ['paHulia JonycTHMOrO 3HaYeHus
CKO jua TepmucTopor TepMomeTpa npuusaTa papHoi 0,2 °C Ha ocHoBaHEH TpeboBaHHI K TOYHO-
CTH TEPMOMETPA, 418 TepMHcTopoB TepMoaneMomerpa — 0,5 °C. Ecnm e CKO B kakoM n1rbo moi-
A{ana3oHe Npesslmact sHadenye 3 °C, TepMACTOD OTIPAB/IMeTes Ha IOBTOPHYIO TPaayMpOBKY WIH
0TOpPaKOBBIBAETCA.

Tabs.1 Ilporokos rpaxynposkn repmucropa Nel 98K,

Ne 198 K
T E,B R, Om B, =C e P iah lcKo, °C  |Ro B Brisoa
0,1 102897 5196,465] 3017,232]  0,096274] 0,003726]  1,7024] 5216,291] 137,4709
10,15 6864  3466,667| 3117,232  10,89628|  -0,74628| B
20,5]  540,8] 2731,313| 2529,548] 17,66631]  2.83369 2909 3254
20,43 3433| 1733,838| 3093,949] 31,50732| -2.07732
39,67 2628 1327273 12948,125| 40,27857| -0.60857
49,55| 207,6| 1048,485| 2854,041| 4844846 1,101543 |
80,11] 70.1] 3540404 3240,814] 77,96691
00,02|  54.2| 273,7374] 3248435 8838933
09,62 43| 217.1717] 3249589 9941397, 0,206034]  0,4692 |TIpurozen
110,18 34| 172,2222]  3241,744] 109,5759]  0,504084) HCTIONE30BA-
120,38 26,9 1358586 3257,816| 120,5586|  -0,17836 HEI B RS
i 3 Filll i it AHEMOMETDE
130,1 21,8 110,101 3266,861] 130,8337 0,7337

Henonesys BeiOpanHLIH KpUTEpHE H IPHBEIEHHEIE [IPOTOKOJIEI TPAIVHPOBKH TEPMHCTOPOB,
YCTAHOBHM 00NacTH MX Henosb3osanus. Tepmuctop Nel98 (rabn.l.) He NpHUrojieH s HCMOIL30-
BaHHA B TepMoMerpe, T.K. axtuueckoe CKO norpemnocTH H3MEpeHHs TEMIEPAaTyphl AaHHBIM
TEPMHCTOPOM B NEPBOM TeMIepaTypHOM MojjHara3one uMeeT 3HadeHue 1,7024 °C, mpessimaio-
nlee ycranoBiaeHHoe rpanuyHoe 3Hadenue 0,2 °C. Oanaxo no BropoMy noanxanazony CKO pas-
Hoe (,4692 °C He mpeBRIIAET JONYCTHMOTO 3HAYEHMA Ui 3Toro nomauanasosa 0,5 °C, mostomy
TepMHCTOP Nel98 npurojeH Kk HCNONE30BaHHIO B TEPMOAHEMOMETPE.  AHANOTHYHEIM 0Dpa3om Je-
naeM BbIBOJ O NPHIOAHOCTH TepMmucTopa Ne205K (tabn.2) ana tepmomertpa (0,1467<0,2). CKO
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[TOrpPEeNHOCTH H3MEPEHHH TeMIEPaTyphl MOCPeCTBOM rtepmucropa Ne224K (ta6i1.3) He mpebiira-

BO BTOPOM TEMIEPATYPHOM M0/|IMANIA30HE, HIO3ITOMY
[T TepMOMeTpa U s TEPMOaHEMOMETPA.

Tabx.2 IlpoTokol rpanyupoBku TepMHCcTOpa Ne2(5K.

_ Na 205 K
T °c E" B R" Om B, °C ITILau- G Tm'Tmu CKO, *C Ry :RJZI} Bripog

0,35 905,5| 4573232 3004.597 [ 0,097348]  0,002652 0,1467|  4592,279]  132,7874
10,33 591,3|  2986,364| 3095458 10,6211  0,15889| : B ’ ~|Ipurozen «
20,24 407,5| 2058,081| 3113385 20,50078| 0,189223| T STy {Henom30-
29,91 288,9]  1459,091] 3130875 30,26057|  0,099429 : —lBapHi0 B
39,78 207,9 1050  3139,691] 4022357 0,006427 e
50,09 150.2]  758,5859]  3150,17] 50,73162] -0,19162

80,39 78,5| 3964646 2929553

90,25 55,2] 278,7879| 3069872

100,67 419| 2116162] 3111155 99,5223 1,597697 1,5960

110,08 30,7| 1550505| 3212,883] 112,5842] -2,05423

120,03 259| 130,8081] 3175668 120,7304]  -0,25044]

130,41 20,8 105,0505 3185,81 31,7397 d;{!,SHE’ﬁ?i

Tabu.3 [Ipotokon rpaaynpoBku TepmmcTopa Ne224K.,

Ne 224 K
T °C E, B Ry, OM B, °C PR o S R A R AT R RS Brison

-0,49 981,5| 4957,071] 314226/ 0,107913] 0002087  0,1062| 4980373 132.876

10,3 632,8] 319596 3157,39] 10,77655| 0.123455 B llpurones
20,64 426,4] 2153,535]  3173,98] 21,10951] 0,130489 I B 3243 :f{':jﬁ;‘:ﬁﬁ
29,42 311 1570.707] 3183243 2992683 0,093168 hierpe 7
39,83 218,3  1102,525] 3194,625] 40.46575| -0,03575 ,

49,56 160,3|  B09,596| 3198.558| 50,27926| -0,11926 '

80,24 66,0] 337,8788] 3218229 84,56117 |

90,04 51,9] 262,1212| 3228,082] 90,20803 a _

99,69 40,0] 206,5657] 3237,138] 100,0363| 0,253743]  0,2081] [Tpurogen &
109,44 32,6] 1646465 3243,097| 110,0378]  0,002189| {MCroNLI0Ba-
119,75 26,1 131,8182 3243659 120378]  -0,02804) ;‘:::{;Mﬁ%
129,71 212] 107,0707]  3247,42] 1305646 -0,25464|

BLIBOABI

Hcnonp3oBanne paccMOTPEHHON 3IEKTPOHHOH CHCTEMB! 3HAYHTENBHO COKPATHIO obee
BpeMs IpanyHpoBKH Oiarojaps aBTOMATH3alHH Ipollecca H BO3MOXHOCTH OJHOBPEMCHHOH Ipa-
JYHPOBKHM CceMH TepMHCTOpOB. IIpennoixeHHbIe CXEMOTEXHHIECKUE pelleHHd MO3BOJHIH  YIIpPO-
CTHTB CXeMY, KOHCTPYKIHMIO, YMEHBIIUTE CTOHMOCTE CHCTEMBI H OOCCIEHHTE 3a1aHHYI0 TOUHOCTE
M3MEpHTENBHOr0 KaHasa. BhICTPEIi ONMpOC KaHA/IOB MO3BOHI CHASHTE MOTPELIHOCTh, BBI3BAHHYIO
KonebaHHAMH TeMIepaTypsl 3a NepHol Onpoca. TIpennokeHa METOAHKA 00pabOTKH pe3yNbTaToR H

KpuTepuii orbopa TEpPMHCTOPOB.
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