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Pe3rome: V Oaniti cmammi 600CKOHAEHO MemMPONIO2IYHUL NPOSPAMHULL mecm IMimayii npoyecy HApoOCManHs Habymor
6 npoyeci excniryamayii mepmoeieKmpuyHoi HeOOHOPIOHOCMI eneKmpodie mepmonap Oiisi CIMEOPEHHsT MONCIUBOCHI
MempoO02iuH020 O0CAIONHCEHHS BUMIPIOBATLHO20 KAHATLY MeMNepamypu ma KopeKkyii noXubxu 8i0 HeoOHOPIOHOCMI.
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KOpeKyisi NoOXuoKu.

BcTyn

BuwmiproBanbHi KaHaJIH KOMIT FOTEPHUX
BUMIPIOBAITHHO-KEPYIOUHX CUCTEM MTOCTITHO
YCKIIQJHIOIOTBCS, 30KpeMa, 3a paxyHOK peamizamii
¢yHKUIH  iX  IHTENeKTyamizauii  miJcUcTeMaMu
KopeKIii pi3HOTo poay moxuook [1, 2]. B pesymbraTi
IpoIieC BU3HAYCHHS METPOJIOTIYHIX XapaKTEPUCTUK
TaKUX CHCTEM TaKOX YCKIaJHIOETHCS 338 PaxyHOK
pi3koro 3poctaHHs 00’e€My HEOOXiTHUX JOCIHITKEHb
Ta dYacy iX mpoBeneHHsA. /[l BupimenHs 1miel

npobjJeMd  BHKOPUCTOBYIOTH  iMiTamiliHe — Ta
HamiBHaTypHe  MoxemtoBaHHa  [3,4]. YV [5]
3allPOIIOHOBAHO Il IPUCKOPEHHS METPOJIOTIYHUX
JOCTIIKEHb CTBOpEHHS CTIeLiaJIi30BaHOTO
IIPOrpaMHOI0 3aco0y - METPOJIOTTYHOTO
mporpamHoro tecry (MIIT), skuii mo3BosstEe

IMITYBaTH pi3HI 3HAYEHHS OKPEMHX CKJIAJIOBUX
MOXMOKM BUMIPIOBAILHOTO KaHAaJy, CIiBBiJHOIICHHS
MDK HUMH, OiI0 BIUIMBAIOYMX BEIHMYUH, YaCOBHH 1
teMmrieparypuuii  aperip. I[lpm  1mpomy s
3a0e3nevyeHHs MOJKJIMBOCTI e(eKTUBHUX
nociimkeHs cTpykrypa MIIT moBuHHa BiamoBigatu
CTPYKTYpl  AOCHIIKYBaHOTO  BHMIpPIOBAIHHOTO
KaHaly, a Ha0lp IMiTamiliHUX MoOJeNed MOXHUOOK —
IHACHUM ITOXUOKaM MOT0 KOMIIOHEHTIB.

ToMy, Ha HOyMKy aBTOpa, JUIS JOCIIKEHHS

MOXUOOK KOMIT'IOTEPHHX CHCTEM BHMIPIOBaHHS
TEeMIepaTypH, KyId BXOIATH TepMomapu i3
3HAYHOI, Ha0yTOI B TIPOIECi eKCIuTyaraii,

TEPMOCTIEKTPUIHOIO HEOAHOPIAHICTIO EJIEKTPOIIB,
HeoOXimHo B ckiaaax MIIT BKIIOUUTH BiAMOBIAHY
imiTauiiiny mozaenb. OcobnauBO 1e MOTPiIOHO s
JMOCIIKCHHSI ~ METPOJIOTIYHUX  XapaKTEePHCTHK

BUMIPIOBAIBHUX KaHAIIB 3 KOPEKII€I BIUIUBY
HaOyTo1 TEPMOEJIEKTPUYHOL HEOJHOPIJHOCTI
SNIEKTPOMIB TEpMOMNap Ha pe3yJbTaT BHUMIPIOBaHHS
[6].

TakyuM YMHOM, METOIO CTaTTi € BIOCKOHAJICHHS
MIIT, ommcanoro B [5], muiaxoM imiTamii mporecy

HApOCTaHHS HaOyTO1 TEPMOENEKTPUIHOT
HEOJHOPITHOCTI  €JNEeKTPOAIB  TepMomap  JUIs
CTBOpPEHHS MOYKJIUBOCTI1 JOCIiPKEHHS

BHMIPIOBAIPHOTO KaHAJTy TEMIIEPATypH Ta KOPEKIIil
MOXUOKH BiJI HEOTHOPIAHOCTI.

1. CTPYKTYPA MNT KOMITIOTEPHOI
CUCTEMU BUMIPIOBAHHA
TEMNEPATYPU 3 TEPMOINAPAMU

Posristremo ctpykrypy MIIT BuMiptoBansHOTO
KaHaIy 3 TEPMOIIapOlo, Ji¢ ONTUMAIIbHOK BHU3HAHA
amUTUBHA MOJENTh Jii MOXMOOK Ha KOMITOHCHTH
BHUMIPIOBAIIBHOTO KaHaly [5].

Y BepxHiii wactmHi puc. 1 TpeacTaBlicHa
CTPYKTypa CaMOTO BHUMIpPIOBAJIFHOTO KaHANy i

mu(po-aHaJIOTOBI  TIEPETBOPIOBAdl, SKIi MOXYTh
0e3rmocepeTHb0  B3aEMOMIATH 3  KOMITOHCHTaMH
BHUMIPIOBAIBHOTO KaHamy. Crpykrypa
HanBaxmBimoi gactuau MIIT — mporpamu

(dopmyBaHHS Ha0OpPIiB TECTOBUX CHTHANIB (KOIIB) —

3aiiMae HIWKHIO yacTuHy puc. 1. Koxen 6mox MIIT

IMITy€ JUIIe OfHY BIACTUBICTH OJHOTO KOMIIOHEHTa

BUMIpIOBAIBLHOTO KaHalmy. biokum 3rpynoBaHi 3a

KOMIIOHEHTaMH (i  KOXKHHUM  KOMIOHEHTOM

BUMIPIOBAIILHOTO KaHATy 3 BEPXHBOI YaCTUHHM pHC. |
s

po3uMimieHo “fioro” omoku MIIT) Ta 3a iMmiToBaHUMH
BJIACTHBOCTSIMA ~ KOMIIOHEHTIB.  BepxHili  psa

175



Haoia Bacunvkie / Komn tomune, 2010, mom 9, eunyck 2, 175-182

3aiiMaroTh OJIOKM 1MiTarii OCHOBHOI ITOXHOKH,
pO30UTI Ha CKJIAJ0BI BiJIOBIIHO /10 KOMIIOHCHTA,
HWKYE iOyTh JOAATKOBI MOXMOKH (TeMIlEpaTypHi i
gacoBi), TOTIM  MOXHOKHM  BiX  JOJATKOBHX
mapaMmeTpiB. Km0 eska TOXHOKa Mae OKpemi
CKJIQJIOBi, BOHM pO3MillleHi Hrk4de Hel. HalHwmxuuit
pan ONMOKM BinTBOpeHHS HOMiHambHHX XII
KOMITOHEHTIB, J¢ BpPaxOBaHO PO3OWTTS TEpPMOIIapH
HA  TpH  KOMIIOHEHTH  (poOoumii  KiHelb,
TEPMOEIIEKTPOIU, BUTBHI KiHII), a TaKOX PiBHICTh
onuHUI HOMiHaIRHOT XII KoMyTaTOopa.

SAx BugHo 3 puc. 1, B MIIT mnependaueHo

thermocouple

IMITYBaHHS  TEPMOCIICKTPUYIHOI  HEOTHOPITHOCTI
enexkTponiB Tepmomap (6mox Heterog. B npyriit
KOJIOHIII PSy JJOJATKOBHX TOXMOOK), OHAK ¥ [5] He
po3pobneHa Monedb WOTo peamizamii i HaBiTh
BIICYTHI peKOMEHAAI]l MO0 HOro BUKOPHUCTAHHS.
CtBOpeHHS TaKol Mojeml YCKJIATHIOEThCS
3aJIeKHICTIO TOXUOKH HEOTHOPIAHOCTI BiI 3MiH
podiIF0 TeMIIEPaTyPHOTO TIOJSA B3AOBXK EJIEKTPOIIB
tepmonapu. ToMmy po3poOka Mozenai Mpolecy
HAKOITMYEHHSA HEOTHOPITHOCTI EIIEKTPO/IiB
TepMoIIap B TIPOIECi EKCIUTyaTallii € aKTyaJhbHOIO
3a/1a4yero, PilleHHs KO OITUCAHO HUXKYE.

t° e e; e e e e N, t°
— HI M TE 4 o H n CL lT' CICs | AMC = MUX =3 ADC 3 CC |—pens
t s [DACI| [DACI | [DACI | [DAC2 | [DAC2| | Interface |
ter el‘ ez‘ 63‘ 4 64‘ 5 65‘ 5 eﬁ‘ e7‘ [ Nl“f
K y y Y 3 y >
A INSTR- —I Ariz | — Anstr A INsTR. Ansr: | 1 Anse | [1 Anse | Main Error
Ap, Ay Ap, Au Agr, A Rex Ap, Ay Ap, Ay Ap, Ay
AUP ANONLIN - ANONLIN
ANOISE
[ Ar AN - [ Ar AN
Anoise [ AnoiseAp
—  Drift —| Heterog. | Anvstr t° —I Ansr t° | —I Ay ALLOW.| —I Angtr t° | Additional error
Main.tr. [  Anstr T t° — temperature
Rand.dev. A (de/dt) Anerce of envirqnmental;
e H pya—r :.— exploitation
1me
- - - Additional
H Norm.nois —I Atey | —I R out | H Rin —I R mux op | I Width. parameters
H Com.nois H Iin H Rin
R \ 4 R .
gy | ow [
y y y v Nominal conver-
Thermocouple [4— A | cacs | | amc | ADC sion characteristic

Puc. 1 — Crpykrypa MIIT BUMipIOBaJIbHOr0 KaHAIY 3 TEPMOINIAPOI0

2. CKnAQoBI MOAENI NPOLIECY
HAKOMM4YEHHA HEOOHOPIOHOCTI
ENEKTPOAIB TEPMOINAP

3anpornoHOBaHUN aBTOPOM  METOJ  KOPEeKIIil
noxuOKK Big HAOyTOI HEOXHOPIAHOCTI TepMomapH
[7] B imeampHOMY BHITamKy 3a0e3redye BiACYTHICTH

BIUIMBY MpOQUI0  TeMIIEpaTypHOTO IONsl Ha
pe3yabTaT BUMIPIOBAaHHS TEMIEpaTypu HaBiTh MpH
BETUKIN HaOyTiH TEPMOEIIEKTPUYHI T

HEOTHOPIAHOCTI €IIEKTPOIIB TEPMOIIap depe3 Te, 10
HaBYEHa HEHPOHHA MepeKa MICTHTh B COO1 pO3MOIiT
CYMapHOT'O BiJIXHJICHHS POTHO30BAaHOI IIOXHOKHU BiJ
i miticHoro 3HadeHH:. Lleit po3momin B imeanpHOMY
BUIAKy  JO3BOJIAE  IOBHICTIO  BIJAKOPUTYBATH
MaTeMaTH4yHI Mojeni Apeidy Bcix  OUISHOK
TEPMOEIIEKTPOIiB, TOOTO peani3yBaTH JAHITIOMXKOK

“imeampHa METPOJIOTIYHA TIEpeBipKa — iJleabHUHN
pO3MOMAIT — TIOBHA KOPEKIlisT Momenei”. OmHak B
peaJbHOMY BUIIAJIKY BIUTUB MOXMOOK METPOJIOTIHHOT
MepeBipKky, HABYaHHA HEUPOHHOI Mepeki Ta iHMIi
(dakTOpu BEOyTh N0 TOro, IO WPH peanizarii
METO/dy, 3alpolOHOBAaHOTO B [7], BHHHKAE
3aJIMIIKOBA TIOXHMOKa, SKa BIUIMBAE€ Ha pPeE3yNbTaTr
BHMIpIOBaHHS Temmeparypu. 3aBmanHsMm MIIT e
JOCHIDKEHHS 3HAYEHHS [i€] 3aIUIIKOBOI MOXUOKH 1
YMOB, NIPH SIKUX BOHA € MaKCUMalbHOI. [{1s 11poro
MIIT moBuWHEH TeHepyBaTH 3HAYEHHS KOZIB, SKi

BIZITOBIIAIOTh:
1. 3naveHHIO TepMO-€.p.C. JOCITIHKYBaHO1
TepMomapH, 110 BiIOBiIae 3aIaHil

BHMIPIOBaHIN TeMIepaTypi 3TiTHO HOMiHAIBHOL
XIT,

2
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2. BigxwumeHHto 3HAYEHHS TepMo-€.p.c.
JOCIIKYBAHOI TEPMOTAapy Bil HOMIHAJIBHOTO,
IO BIAMOBia€ CyMapHid TepMmo-e.p.c. npeidy
KOXHOI JTUISHKH 000X TepMoenekTpomi. Ilpu
OpOMy Jpeid KOXKHOI JUISIHKH — TTOBHHEH
BIAIIOBigaTH:

2.1. 3arampHOMY TpeHAY ApeH(y TaHOTO THITY
TEPMOEIIEKTPO1a pu HOPMAaJTBbHIH
TeMIepaTypl eKCIUTyaTallii i€l TiIsHKY;

2.2. Temmeparypi MiNSHKM, sSKa BUHUKIA B

pe3yabTaTi 3MiHH podiro
TEMIIePaTypHOTO OJIs B3JIOBXK
TEPMOCIICKTPO/IiB.

2.3. [HOuBigyanbHUM  BIIXWIEHHSAM  TEMITY
npeidy KOXKHOT TUITSTHKA 000x
TEPMOCIICKTPO/IiB.

[lepeniveHi B 1. 2 BUMOTH MOBHHEH pealli3yBaTH
ook Heterog. JIms 1iboro BiH MMOBHHEH pealli3yBaTH
MaTeMaTHYHy MOAeNb Jped(y KOXKHOI JUISTHKH

3MIHUTHCS TeMIleparypa MJUISHKH TIpH  3MiHi
poiI0 TEMIIEPaTyPHOTO MOJIS B3JI0BXK CIIEKTPOIIB
TepMomnapu, TOOTO MaTreMaTHYHa MOJENb Ipeidy

MOBMHHA OyTH  (QYHKIIEI  TPhOX  3MIHHHX
e(t,tg,tp). OcHoBOIO JUTSE o0y 1oBU
MaTeMaTH4HOi Mozeni Japelidy TMOBHHHI OyTH

pe3yJbTaTH HOTO SKCTIIEPUMEHTANBHUX JTOCHIKEHb.
Haii6inpmr moBHI pe3ynbratu omyOiikoBaHi v [6],
TOMY Bi3bMeMO ix 3a ocHoBy. OnHak mijg dac
anmpokcuMariii  GyHKIi TphOX 3MIHHHX TIpH
BIJHOCHO Matiii KUIBKOCTI JAaHUX JUIs 3a0€3IeUeHHS
JIOCTaTHHOI ~ TOYHOCTI HEOOXIAHO BUKOPHUCTATH
cknaaHi ¢yHkiii. ToMy HOUiIABHO, JUIsl CHPOIICHHS
3ajaui, 3MiHHY 4Yac eKCIUTyaralii TepMomnapu 7
¢bikcyBaTH  AK TmapamMeTp OpH  IPOBEICHHI
JTOCTDKEHHS 3aJMIIKOBO1 MOXuOKH. B Takomy pasi,
NpY JOCHTIPKEHHI BUMIPIOBAILHOTO KaHATy Ha 0asi
HAWOUIBII IIMPOKO PO3MOBCIOKEHUX TEpMOTIap
tunty XA, 3rigHO [6], cepemHiii apeiid iIIHOK

KO>KHOTO TEPMOEJIEKTPO/Ia 3T1THO Yacy eKCIuTyaTamii XpoMeneBoro  enektpona mpu 1000  rommmax
TEPMOIIApU 7 , TEMIIEPATYpU EKCIUTyaTalli AUITHKU eKCTUTyaTAIli MOKHA 3aTHCATH SK
tp Ta TeMIepaTypu AianasoHy fp , A0 AKOI MOXe
AEYY =0,035./t, (<4,6-1077 13, +0,275-10 13 + 0,213t p )V’ . (1)
CepenHiii  apeiidp  NIISHOK — alIOMENIEBOTO  €JICKTPOJa B aHAJIOTIYHUX YMOBaX MOXHA 3aIlUCaTH
ax AEYY 20,0357, (410714 +0,71-107 1, —0,38-10 215, + 0,7151p ) uV’ . )

OpnHak KOXKHa i-Ta JAUITHKA Ma€ 1HIUBITyalbHI
BIIXWICHHS IMBUAKOCTI apeidy, SKi MOXHA
imiTyBaTH Koe(ilieHTOM K;, 10 Ma€ BHIAIKOBY

CKJIQJIOBY, BIJIIOBITHO 10 HACTYITHOI (hOpMYITH

K, =1+0,05(r, = 0,5), (3)

Iie 1| — BUIIAQJKOBI 4MClIa B JAiama3oHi BiJ HyJsI IO
oaunuui, 1y €[0:1].

Peanpumii  nmpeiip  OUIIHOK — Mae  TaKoxX
HEpIBHOMIPHICT AFE png;, SKy MOXHA IMITyBaTH
3aJIEKHICTIO

AE . = 5(r, -sin(t,, /100)) V", 4)

Ie rp — BUNAAKOBI YMCIa B Jiana3oHi Bix Hyld 10
omuHULI, 7, €[0;1].

[Moxubky Tepmonapu B uizomy MIIT Bu3Hauae
SIK CyMy IOXHOOK BCIX # JIUISIHOK, IO HaJIe)aTh
000M TEepMOENEKTpoIaM

n n
AErc =) AEpgy; +Y AErpy; )
inl inl

1000
e AEpg; =K;-AEY ™ +AEyg;  —
MmoxuOKa Jpeirdy XpOMENeBOro TepMOEIeKTpoaa
srigno (1), (3) i (4); AEqgy; = K; - AE + AE g,

— cyMmapHa mnoxuOka JApeidy  anroMeneBoro
TepmoenekTposa 3rimHo (2), (3) i (4).

cyMapHa

3. NOPAAOK NPOBEAEHHA
AOCHNIAXEHb 3 AONOMOIr oo MnT

Komruieke ekcriepuMeHTaIbHUX JOCTIKEHb 3
nornomoror MIIT Bxirouac:
1. IlizroroBKy HabOpy KOMiB, SKi IMITYIOTH pi3HI

BapiaHTH  MPOILECY  HAPOCTaHHA  HaOyTOl
TEPMOEJICKTPUYHOT HEOAHOPITHOCTI EIEKTPOIiB
TEpPMOIIapH;

2. BracHe exkcriepMMEHTaJIbHI JOCHIJDKCHHS, SKi
MOJIATAIOTh Y MOAAYi MiArOTOBICHHUX 3TiTHO 1. 1
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Ha0OpiB KOJIB Ha JOCITIDKyBaHI KOMIIOHCHTH

BUMIPIOBAIBHOTO  KaHalIy 3  JOHNOMOTIOIO
BiJNIOBIAHUX IUQpo-aHaTIOTOBUX
MIepEeTBOPIOBAYIB;

3. OuiHky mNOXMOKM KOPEKILii IOCHiIKyBaHHM
BHUMIpIOBaJIbHUM KaHAJIOM MOXHOKH BiJ HaOyTol
TEPMOETIEKTPUYHOI HEOJHOPIJHOCTI TepMomap
JUTSI pI3HUX BapiaHTIB;

4. @opMyBaHHS  KOMIUIEKCY  METPOJIOTIYHUX
XapaKTEepPHUCTHK, AKi OyAyTh B JOCTaTHIN Mipi
XapaKTepu3yBaTH BUMIPIOBAJIbHUI KaHAT MO0

SIKOCTI  MPOLEAYPH KOPEKIii TMOXHOKU Bij

HaOyToOl TEPMOENIEKTPUYHOI  HEOAHOPiAHOCTI

TepMoIIap.

II. 1 peanisyerscs 6Gaokom Heterog. HMoro
BHYTpIIIHSA CTPYKTypa TIOKa3aHa Ha puc. 2.
JliunnpHUK peamizaniii  GopMye Komm HOMepa

eKCIIEpUMEHTY 1 HOMEpa  eTralmy  KOXKHOTO
excriepuMeHTy. KokeH eKcliepuMeHT BiAmoBijgae
Impolecy  METPOJOriyHOi  MEpeBipKd  JEesIKOi
TepMoOmapd 31  CBOIM  BapiaHTOM  IIPOIECy
HapOCTaHHs HaOyTOi TEPMOEIIEKTPUYHOL
HEOJHOPIAHOCTI  enekTponiB. Homepu  eramy
EKCIIEPUMEHTY BiJIIOBIIAIOTH METPOJIOTIUHI}
TepeBipIll 1€l TepMolapu B OJXHOMY 3 TPOQiTiB
TEMIIEPaTypHOTO TOJS B3/IOBXK ii TEPMOETICKTPO/IIB.
Ha yac ogHOro excrepumeHTy mapamMerpu + 1 rp

3asrexxHocTer (3) 1 (4) 3aTMIIAlOTHCS HE3MIHHUMH,

(dikcoBaHmMH. bIIOK HOMEpa EKCIIEPUMEHTY aIpecye
B 3amam’sTOBYIOUOMY MpHCTpoi o0nacte, Je
30epiraetbes MacuB K; ta AE pp;, 1 BIAOBIOHI IS

JAHOTO  CKCIIEPUMEHTY  IOTOYHI  3HAYCHHS
nocTynarTh y (aiiia, B sSkuéi OyJayTh 3amucaHi B
NOJANbIIOMY  pe3yJbTaTH  OOpOOKM  JaHuX
JOCTI/DKYBAHOIO ~ CHCTEMOIO  JIISl  HACTYITHOTO
BU3HAYEHHS 11 METPOJIOTBYHUX XAPAKTEPUCTHK.
Homep eramy ampecye B 3amam’ SITOBYIOUOMY
MPHUCTPOi O0JIACTh, IO MICTUTh 3HAYEHHS CUTHAJIB
JaBadiB, SKi IMITYIOTh TIOTOYHHH  Tpodishb
TEMIIepaTypHOTro MOJsl, B SKOMY Ha JaHOMY eTari
TepMomnapa MPOXOIUTh METPOJIOTIUHY MepeBipKY.
OO6unBa HabOpW TMOCTYIAIOTH HA OJIOK OOYMCIIEHHS
Ipeidy MAiNSHOK, SKHH BHU3HAYAE iHIWBIAyalbHE
3Ha4YeHHs JApeiidy koxHoi ainsHku 3rimHo (1)-(4),
BUKOPUCTOBYIO4YM (hikcoBaHi 3HadeHHA K; Ta
AE NR; -
CyMye TOXMOKM nUIstHOK 3rigHo (5). Cymapha
MOXMOKa TIOCTYTIA€ Y BHUXIAHUA MacuB MOXUOOK BiJl
Ha0yTOi HEOTHOPITHOCTI, SIKHH BHUKOPHUCTOBYETHCS

brnok oOuncieHHs cymapHOi TOXHOKH

Ui imitanii  MOXMOOK TepMomapw Tix  4ac
EKCIIePHUMEHTAJILHOTO JOCIiPKEHHS
BHMIpIOBAIBHOTO KaHaTy. Ha iHII BHMiproBaJIbHI
KaHaJlM ~ JOCIHIPKYBaHOI  CHCTEMH  MOCTYIAIOTh

3HAYEHHs TeMIIepaTypH 3 o0sacTi imitauii npodinro
TeMIIepaTypHOTO MOJIS.

T0OTO 3HaueHHs K; Ta AEyp; 3alIHIIAIOTHCSA
. [Torouni 3HAYEHHS
JliunnbHuK 311 > .
L. KOE(]ILI€HTIB
peamizanii O0nactb
K;Ta Obunca. Macus noxu6ok
Howmep » AENgi p| OOumc- | CyMap- L pin nabyToi
EKCIIEPUM. | JIcHHS HO1 HEOIHOPI1THOCTI
IHAUBITY MOXUOKH
O6mactp aanuoro
imiTanii Apeiipy
Homep »| pogimo AULTHOK [Torounwmii npodinb
TeMIepar.
eTaiy oSt TeMIepaTypHOTO
1 > 0JIst
Hactynuunii eran

Puc. 2 — Crpykrypa 010Ky Heterog, mo Bxoauts B MIIT

3aBnaHHSAM OOpOOKH JaHWX Y BUMipIOBaJIbHOMY
KaHalli, IO KOpHWrye TOXWOKy Bim HabyTol
HEOJHOPIAHOCTI 3  BUKOPUCTAHHSIM  METOLY,
3arporoHOBaHOTO B [7], € 3HAaXO/PKEHHS IiHCHOTO
3HA4YEHHS TEMIIEpaTypH, 5Ka IOCTYIIa€ Ha BXiA
HEOAHOpiAHOT TepMonapu. /i 1boro HEOOXiAHO 3a
pe3yabTaTamMu METPOJIOTTYHOT MEePEeBiPKH,

iMiToBaHMMH OI0KOM Heterog, BU3HAYNTH 3HAYEHHS
koeQinieHTiB K; . SIKII0 y BUMIPIOBalIbHOMY KaHai

koediuieHTH K; BU3HAUYAIOTHCA SBHO (HANPHUKIA,

IIJISIXOM PO3B’SI3Ky CUCTEMH PiBHSHB, CKJIJICHUX 32
pe3yibTaTaMu JTOCTAaTHBOI KITBKOCTI TOBIPOK), TO
METPOJIOTIYHI MapaMeTpy BUMIPIOBAILHOTO KaHATY
MOYKHA BH3HAYMUTH LUIIXOM TOPiBHAHHS 3HAWJCHUX
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koedinienTiB K; 3 3ananumu 61oxom Heterog. s

OOrO0 B OKPEMHH MacHB BHUBEIEHO 3HAUCHHS
3aJaHuX [l JaHOrO HOMEpa EKCIePUMEHTY
3HaueHb KoedinieHTiB K.

SIKIO K KOPEKI[iS BENEThCS 3 BUKOPUCTAHHSIM
ITYYHUX HEHPOHHHUX MEPEK (5K IIe 3alPONIOHOBAHO
B [7]), To xoedimienTn K; SBHO HE BU3HAYAIOTHCA,

BOHM BHUSBJIIOTHCS  “‘CXOBaHMMM~ Yy  BaroBHX
KoeilieHTax Ta 3MIIIEHHSX HEHPOHIB CXOBAHOTO
piBHA. B Takomy BHTIaJIKy METpOJIOTI4HI MapaMeTpu
BUMIPIOBAJIBHOTO  KaHaly MOXHAa  BHU3HAYUTH
IUISIXOM ~ TOPIBHSHHS — MOJANBIIOTO  TPUBAIOTO
MIPOTHO3Y ITOXWOKHU BiJl Ha0yTOI HEOTHOPIAHOCTI 3
iMmiToBaHUM OjokoM Heterog. HakomWueHHSIM i€l
HNOXMOKM 3TifIHO IHAUBiAyadbHUX 3HaueHbp K; Ta

AE yp; IUISHOK T€PMOIIApH.

Omnmucane BaockoHaneHHss MIIT nae MoxiuBicTh
JOCTIIUTH HE TUIBKH SKICTh aJIFOPUTMY, IO
pearizye MeTOA KOpekWii MOXWOKH TepMmomap Bif
HaOyTOi TepMOENEKTPUYHOI HEOAHOPIMHOCTI, aje i
BIUIMB TIOXMOOK BUMIPIOBAJIEHOTO KaHAIy Ha
MOXUOKY KOPEKIii. Y BUNAAKY JOCIIKSHHS CaMOIo
METOJy BCi IOXMOKM BCIX IHIIMX KOMITOHEHTIB
BUMIPIOBAIIHFHOTO KaHATY 33al0ThCS PIBHUMH HYJIIO.

Ilin wac  JOCHIKEHHS  BIUIMBY  HOXHOOK
BUMIpPIOBAJIBHOTO KaHANy Ha MOXMOKY KOpeKmii
MOKJIHBA iMiTarisg JOBLIBHUX HOXHUOOK
KOMITOHEHTIB. TakuM 4YHHOM MOJXKHA JOCJIIATH
BIUITMB HA pe3yJibTaT BUMIPIOBAaHHS TOXHOOK

BHMIpIOBAJIPHOTO KaHANy Yy NBOX pexumax: (i) B
PEKEMI METPOJIOTIYHOI TTepeBipKH, TOOTO Mia Hac
3HaXO/DKeHHS 3Ha4eHb K;, IO XapaKTepU3ylTh
iHAMBiMyanmbHUN Apeiid okpemux mingHok; (ii) B
pPeKUMI BUMIPIOBAHHS TEMIIEpaTypH, TPU SKOMY
3HaljeHi 3HaueHHs K; BHKOPUCTOBYIOTbCS UL

KOpEeKIlii moxubku TtepMmomnapu. Takok MOXKHA
BHU3HAYHUTH CTIHKICTH aJlTOPUTMY peajlizaimii MeTomIy
JI0 pi3HUX KOMOiHaIii MOXWOOK KOMITOHEHTIB 1
HaHOUTBIII HeOe3MeuHi X BapiaHTH.

Hpyra uactuHa onucaHoro B [5] MIIT -

mporpama 3B’SI3KY 3 JTOCITI Ky BaHIM
BUMIPIOBATEHUM KaHaJOM — MPH METPOJIOTIYHUX
JOCIIUKEHHAX  BHMIPIOBAJIBHOTO  KaHATy, IIO

BHKOPHCTOBYE METOJ] KOPEKIlii MOXUOKH TepMoIiap
BiZl HAOYTOT HEOHOPIAHOCTI, 3aUIIAETHCS O3 3MiH.
Tpers wacrmna nsoro MIIT — mnporpama
00pOOIJIEHHST pe3yNbTaTIiB — MOXE TEeX 3aJUIIATUCS
0e3 3MiH, SKII0O METPOJIOTIYHI XapaKTEPUCTHKH
BHUMIpPIOBAJIBHOTO0 KaHay BHU3HAUYAIOThCA MIISIXOM
MOPIBHSHHS ~ MOAAIBIIOTO TPUBAJIOTO HPOTHO3Y
MMOXHOKM Bix HaOyTOT HEOAHOPIAHOCTI 3 iIMITOBAaHNUM
6mokom Heterog. SIKII0 >k MOPiBHIOIOTHCS 3HAYCHHS
3HaiieHux koediuienTiB  K; 3  (ikcoBaHUMHU

Oomokom Heterog., To mporpama 0oOpOOJICHHS
pe3yJIbTaTiB MOBUHHA OyTH BiJIIIOBIIHO 3MiHEHA.

4. BUCHOBKM
BrockonaneHuii MeTpONOTIYHHN MPOTrpaMHUMA
TECT JIO3BOJISIE MIPOBOUTH METPOJIOT1YHI1
JTOCITI JKEHHS BHMIPIOBaITHHUX KaHaJIiB

TEMIIepaTypH 3 BpPaxyBaHHSAM IOXHOOK HE TiIBbKH
IIMPOKO BXXHMBAaHUX IEPBUHHUX BHUMIPIOBATIBHUX
MIePETBOPIOBAYIB — TepMoIap, a i ix crernudivaux
MOXUOOK, 30KpeMa, MOXHOKK Bij HaOyTOI B MpoLeci
JOBTOTPUBANOI eKCIUTyaTamii HEeOXHOPiZHOCTI iX

TEPMOECIICKTPO/IIB. Ipu LOMY MOYKJIUBI
METPOJIOTIYHI1 JIOCIIIDKEHHS BUMIPIOBAIBHUAX
KaHaJIIB, 110 BUKOPHCTOBYIOTh HOBHIH,

3amporoHoBaHuil B [7], Merom Kopekmii Imiel
MOXMOKH, a TAKOK JOCJIIKEHHS K ITOXHOOK CaMOro
METOAy, TaKk 1 BIUIMB Ha HHUX HOXHOOK
BUMIPIOBAIILHOTO KaHAIY 1 B PEXXHUMi METPOJIOTTUHOT
MIEPEBIpKA TepMomap, i B PEKUMI BUMIPIOBAHHS
TEMIIepaTypH.
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Abstract: In this paper the improved metrology software test is described by simulation the growth process of
thermocouple thermoelectric heterogeneity acquired in operation conditions. It’s aimed to create the possibilities for
the metrological studies of the temperature measuring channel in the computer measurement and control systems as
well as a correction of the error caused by the thermocouple thermoelectric heterogeneity.
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Measuring channels (MC) of the computer
measurement and control systems are constantly
complicating due to their intellectualization
functions by various subsystems and ways of
different errors correction [1, 2]. To accelerate the
metrological exploration a specialized software tool
— the software metrological test (SMT) is described
in [5], and it enables to simulate the various errors of
a measuring channel. Therefore we propose to
include the appropriate simulation model into the
SMT framework. The MC structure and the digital-
analog converters (DAC) are illustrated in the top of
Fig. 1 [5], and the program structure of the
formation sets for test signals is shown in the
bottom. Each SMT block simulates the one property
only per one MC component, and the blocks are
grouped according MC components correspondly.

The simulation model above is based on the
proposed correction method of error [7] which
caused by thermocouple thermoelectric
heterogeneity acquired in operation conditions. In an
ideal case this method provides a correction of such
error above even for a large acquired thermoelectric
heterogeneity because the trained neural network
itself includes a distribution of the total deviation for
a predicted error from its valid value. However in
real case there are influences of metrological
validation errors and neural network study both.
Those and some other factors cause the appearance
of the residual error which affects the temperature
measurement result. Therefore the MPT goal is an
exploration of the residual error above as well as

conditions where this error gets a maximal value. To
reach this goal the MPT must generate the values of
codes which are appropriate:

1. The value of the thermal electromotive force
for the investigated thermocouple which
corresponds to the specified measured
temperatures according a nominal conversion
characteristic.

2. The deviation of the thermal electromotive
force value for the investigated thermocouple
from nominal one which corresponds to the
total drift thermal electromotive force per
each part of both thermo electrodes. This drift
must be correspond to:

e A general trend of the drift for this type
thermo  electrodes at the normal
exploitation temperature for the given
thermo electrodes part;

e The given part temperature (per each part
of both thermo electrodes) which has
arisen as a result of the temperature field
change along thermo electrodes;

e The individual deviations of drift rate per
each part of both thermo electrodes.

All specifications listed in clause 2 above are

completed in the block Heterog (see Fig.1) where
the drift mathematical model per each thermo

electrodes part is running according to the
thermocouple operation time, operation part
temperature and range temperature, i.e. the

mathematical model of drift should be a function of
three variables. The result of the drift experimental
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studies [6] are a basis to build a correspondent
mathematical model. To simplify the approximation
process for the function of three variables above we
propose to fix the variable of the operation
thermocouple time as a parameter at the stage of the
residual error exploration. For example in case of
experimental studies of broadly used chromel-
alumel thermocouples [6] the approximation model
of an average drift for a chromel thermo electrode at
the 1000 exploitation hours can be describe by the
expression (1), and the expression (2) for the alumel
thermo electrode at the same conditions.

However each i- part of thermo electrode has the
individual deviations of drift speed which can be
described by coefficients Ki (see an expression 3). A
real drift has an irregularity AEnri which is
simulated by the expression (4). A total
thermocouples error as a sum of errors for all » parts
per each thermo electrode can be determined using
the expression (5).

The developed complex of experimental studies
using the MPT includes:

1. The prepared set of codes which simulate the
different processes for the growth of the
thermocouple thermoelectric heterogeneity
acquired in operation conditions;

2. The experimental studies itself which are
running due sending the prepared sets of
codes, see clause 1 above on the MC
components using the proper DACS;

3. The error correction assessment of the
investigated MC  for the acquired
thermoelectric  heterogeneity in different

modes;

4. The formation of metrological characteristics
set which will describe adequately the MC
towards the correction procedure quality for
acquired thermocouple thermoelectric
heterogeneity.

The clause 1 above is running by a block Heterog
(see Fig. 2). Each experiment is corresponds to the
metrological validation procedure of some
thermocouple with its own mode of the growth
process for acquired thermocouple thermoelectric
heterogeneity. The numbers of the experiment stage
are corresponding to the metrological validation
procedure of this thermocouple in one of the profiles
of temperature field along its thermo electrodes.

A goal of data processing in the MC — where the

error of the acquired thermocouple thermoelectric
heterogeneity is corrected using a proposed method
[7] — is a determination of the valid temperature
value which comes in input of the heterogeneous
thermocouple. For this purpose is necessary to
determine values of the proper coefficients Ki on the
base of the metrological validation results simulated
by block Heterog. If those coefficients Ki are
defined in MC clearly enough — due solving the
equations system on the base of the metrological
validation results for example — then the MC
metrological parameters can be determined by
comparing the calculated coefficients Ki with the
given ones by block Heterog.

If the correction is carried out using artificial
neural networks [7] then the coefficients Ki are not
clearly defined, they are “hidden” in the weights and
neurons biases of hidden level. In this case the MC
metrological parameters can be determined by
comparing the long-term future prediction of
acquired heterogeneity error with the accumulation
of that error according to the individual values of Ki
and AEnri for thermocouple parts which were
simulated by block Heterog.

The MPT second part described in [5] — the
program of communication with the investigated
MC - doesn’t change. The MPT third part — the
program of processing the results — doesn’t change
too in a case the MC metrological characteristics are
determined by comparing the long-term future
prediction of acquired heterogeneity error with the
error value simulated by block Heterog. However
this program changes correspondly in a case the
determined coefficients Ki compare with values
fixed by block Heterog.

In conclusion we should note the proposed
metrology software test allows to run the
metrological studies of the temperature MC taking
into account not only common errors of
thermocouples, but their specific errors, in particular
an error caused by thermocouple thermoelectric
heterogeneity acquired in operation conditions. We
should stress it’s possible to run the metrological
studies of the MCs using a proposed method [7] as
well as the studies both this method errors itself and
the influence of the MC errors in the two modes: the
metrological validation of the thermocouples and a
process of the temperature measurement.
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