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NMPEUU3IMHUA BINTOK 360PY OAHUX 3 ANCTAHUINHUM
NEPENPOrPAMYBAHHAM

PomaH KouaH', OpecT Kouan?

1) Buknanau kadeapu crenianizoBaHiX KOMITIOTEPHUX CUCTEM
TepHOMIBCHKOT aKaieMii HapOJHOTO TOCTIONaPCTBA
2) Crynent ¢izugHoro GaxyiapreTy JIbBIBCHKOTO
HAIIOHAJILHOTO yHiBepcuteTy iM. I. ®panka

Pe3rome: B cmammi npedcmasieno po3pobienuli npeyusitinuti 610k 360py danux Ha 6azi 24-pospsonozo ALl muny
AD7712. Bin npushauenuu 0151 UKOPUCMAHHA 6 CKAAOL PO3NOOLIEHUX IHHOPMAYIUHO-SUMIDIOBATIbHUX CUCTHEM Md
mepedxc. Pospobnenuii 610k 360py Oanux 3abesneuye OUCMAaHYilHe NePenpocpAMYBAHHs — 3AMIHY NpPOSPAMU CBOEL
pobomu uepe3 nocnidoeruu inmepgeiic nio uac pobomu (nicis idenmugikayii 6i0nogioHoi komanou). Pospobnenutl
o0k 300py Oanux 3abe3neuye aAGMOMAMUYHE GUKOHAHHS HACWYNHUX NpoYeoyp, NPUSHAYEHUX Oas NIOBUUJeHHS
MoOYHOCMI pe3yibmamy GUMIpiosants. (i) yemanosky Hyas, (ii) kanibpysanus no Ooicepeny 63ipyesoi Hanpyeu, (iii)
KOpeKyilo memnepamypHoco Koegiyicuma Odxcepena 63ipyegoi manpyeu, (iv) Kopekyito K8aopamuyHoi CK1a0080i
noxubku Heninitinocmi AL[Il. Buxonanus npoyedyp niosuujenHs moyHocmi 3abe3neyye OOnYyCmuMy HOXUOKY
sumipiogantns nanpyeu nocmitnoeo cmpymy 0.01% 6 pobouux ymoeax ma HENHIUHICMb XAPAKMEPUCTUKU
nepemeopenns e dinvue #H).0003%.

Kuaro4oBi ciioBa: ananozo-yughposuii nepemeopiosau,; oucmarnyiline nepenpocpamyanHs, KOpexyis noxudox, Kopexkyis
HeniHilUHOCTi.

BCTYN METPOJIOTIYHUMH XapakTepucTukamu; (i) moporux
. . ... b3/l TpamuuiiHux raGapuTiB 3 HaHKpaLIUMU CEpex
P03BHTOK MIKpOEIEKTPOHIKM 1 BHKOPHCTaHHS i .
. . .. . MPOMOHOBAHUX B3/] METPOJIOTTYHUMHU
JIOCSITHEHb Yy BHMIPIOBAIBHIA TEXHIlll TPHBIB 0
XapaKTePUCTHKAMH.

MOSIBH MiKpOCX.eM cirma-gensTa aganoro—uI/I(prBI/Ix THOOBUM TIPEICTABHMKOM mepiiol TpymM e
TEpETBOPIoBATIE (ALH._I)’ Kpatill - 1IPCACTABHHKH monyns [-7018 dipmu ICP [1]. Lleit monmyns
SKUX, Hampukiaan, cepis AD77xx d¢ipmu Analog
Devices, xapaKkTepH3yIOThCS BETUKOIO PO3PSIHICTIO
(mo 24 po3psmiB) i HU3BKHM piBHEM IIyMiB (He
oureme 0,3...0,5 MxB). Taki ALl MoxyTs OyTH
MPEKPACHOK OCHOBOIO JJIsi MOOYJOBU OIHOTO 3
OCHOBHHX BY3JiB iH(opMaliiiHO-BUMIpIOBaIbHUX
cucreM — OnokiB 30opy manmx (B3M), sxi
BUPIIIYIOTh MHUTAaHHS aBTOMAaTHYHOTO 300py JaHMX
BiJl CEHCOPIB, iX HonepeaHboi 00poOkK Ta mepeaadi
JI0 BY3IIiB KiHIIeBOi 00poOku iHpopmarii. OcHOBHHI
Hemommik cirma-gensta AlIIl — BiZTHOCHO HH3BKY
MBUAKOMII0O — B Takux b3Jl Haiiyacrime He
BIJHOCSTH 10 BaYKJIMBUX TEXHIYHUX XapaKTEPUCTUK
B 3B’SA3Ky 3 BEJIHMKOIO I1HEPIIHHICTIO OLIBIIOCTI
CEHCOPIB.

B3] Ha 06a3i cirma-nenera ALl BUmyckaroThCs
uimiM  psgoMm  gipMm. Cepen OCHOBHHX MoJienei
takux b3J[ pi3HEUX BHUPOOHWKIB HaMITHIACH
TEHJIeHLs A0 iX MoAily Ha ABi rpynu: (i) AemeBux
ManorabapuTHUX B3 3 HEBUCOKHMHU

Oazyerbest Ha 24-X pospsimHOMY cirma-genbra AL
tuny AD7712 [2] 1 npeacraBinsie coboro 8-mu
toukoBuit b3Jl, mpu3HaueHwWid AN BUMIPIOBaHHS
HallpyTd TOCTIHHOTO CTPyMy 1 TemmepaTtypu 3
JTOIIOMOT' OO BCIX THUIIIB PO3IMOBCIOIKEHIX
tepmonap. Moaynpe [-7018 miaTpumye mocigoBHAN
iaTepdetic RS485 i moke mparoBaTH B CKJIami
po3nozineHoi iH(pOpMAaIiTHO-BUMIPIOBAJILHOT
cucremu. KepyBanHs poOOTOI0 Ta 3YMUTYBaHHS
JaHUX 3IIHCHIOETHCS BiJAAJI€HO 3 JOIOMOTOIO
agpecHuX KoMmaHn. [Ins nporo B ckian moxayns I-
7018 BrmoYeHO MiKpokoHTpodep 89C52, skwuii
kepye pobGotoro AIlll, peamizye iHTepdeticHi
¢yHKINi, a TakoX Beme IONMEpPeaHi0 O0OpOoOKy
pe3yJbTaTiB BHMIpIOBaHHS, sika mependavae: (i)
o0uMCIIeHHs] TONpPaBKM Ha TEMIIEpaTypy BiIbHUX
KIiHITIB TEpMOIIap 3a pe3yIbTaTaMH ii BUMipPIOBAaHHS 3
JIOTIOMOTOI0 BOYZIOBAHOTO IHTETPaJIBHOTO CEHCOpa,;
(i1) niHeapH3amil0 XapaKTEPHCTHK TEPETBOPEHHS
BCiX CTaHAAPTHUX TEPMOETIEKTPHYHHUX

82



Poman Kouan, Opecm Kouan / Computing, 2004, Vol. 3, Issue 3, 82-92

TIePETBOPIOBAUIB; (ili)  BHmady  pe3yabTaTy
BuMiproBaHHs B KenbBinax, rpamycax llenbcis abo
@apenreiita. Ilepearamu wmoaymie  [-7018 i
agamoriyamx €. (i) Huspka mina — 180...2408$,

3ayrexHo Bim monmmdikartii; (i) mami radapurwm; (iii)
cymichicte 3 B3/l inmux ¢ipm. o HemouikiB
MOJYJIiB MEPIIOi IPYITU MOKHA BiTHECTH:

1. BimcyTHICTh OyIb K01 MOKIHMBOCTI 0OpPOOKH
JaHUX BHUXOJSYU 3 MOTped KopucTyBaua (HE 3a
QITOPUTMOM,  Hamepel 3aJaHuM  BHUPOOHUKOM
monyis [-7018);

2. Many gonycTuMy aMIUTITYAy ‘‘MiKKaHaJIbHOT”
3aBagm. I[lpm amromiTymi 3aBamu  Bume =5 B
mepexpecHi  3aBaJM  CIIOTBOPIOIOTH  PE3YJIbTAT
BHMIpIOBaHHS, IO TaK CcamMO HAATO Majo JJis

BUMIPIOBAIPHUX  KaHAJIIB  TeMIlepaTypH,  sKi
BUKOPHUCTOBYIOTH TepMomapH [3];
3. Many  gomycTHMy  aMmIUNITYAy  3aBajd

3aranpHOTO BUAy. [Ipn ammnityni 3aBaau Bume 40 B
koedimienT ii momaBIIeHHS Pi3KO Tagae, a TaKWi
MaKCUMaJIbHUH PpIBEHb 3aBaJl HEIOCTATHIN s
BUMIpPIOBAJIBHUX  KaHANIiB  TEeMIlEpaTypd,  sKi
BHKOPHUCTOBYIOTH TepMoOTapH [3];

4. BimHOCHO  HH3BKY  TOYHICTb.
JOMYCTUMHX  IMOXUOOK  TepMomap  CKIaJaloTh
3...10°C, Tomy TrpaHMIsI OCHOBHOI JOIYyCTUMOI
noxubku  Mmonmysns  0,1%  3maeTbes  IUIKOM
npuiiHaTHOWO. OfHaK, 0pU KOpeKUii MOXHOOK
Tepmonap abo TpU  eKCIuTyaramii MOXIyNs B
JKOPCTKMX  yMOBaX, HOro  TOXHOKa  CTae
JIOMIHYIOYOI0 1 CTPUMY€E TOJAJIbIIC ITiIBUIICHHS
TOYHOCTI BUMIPIOBAIILHOTO KaHAITY;

5. BigHOCHO HHW3BKa po3AuUTbHA 3maTHiCTh (16
pPO3pSIiB  MPH  BHKOPUCTAHHI 24-X  pPO3PSIHOTO
ALII), mo cyTTeBO 00MEXye BUKOPHCTaHHS TaKUX

I'panuti

MOJIYJIiB pu moOymoBi MPenn3iHHNX
BUMIPIOBAIPHUX  KaHAJIB 3  TapaMEeTPUIHUMH
ceHcopamu. Hampuknan, mnpu — BHKOPHCTaHHI

MTOTEHIIOMETPUYHOT CXeMHU ISl TTOOYIOBH CUCTEMHU
BUMIpIOBaHHS Temneparypu B miamasoni 0...100°C 3
JIOTIOMOTOI0 TIIATUHOBUX TEPMOMETPIB OINOPY THITY
100IT [4] nmna otpumanHs uymiuBocti 0,001°C
HeoOXimHo 19 ABIHKOBHX pO3psdiB, MmO 0a30BHit
cirma-nensTa ALIIT no3Bosisie peanizyBartu, a MOAYJIb
Ha HOro OCHOBI — Hi.

TUnoBUM TpeACTaBHUKOM JIPYroi TPYNHU € OJIOK
NetDAQ d¢ipmu Fluke [5]. Bin Mae MOXIHBICTBH
poGotu  Oe3mocepeHbO B CKJIadi  JIOKAJbHOL
obOuncmoBanbHOi Mepexi Ethernet 1 3abesmeuye
Majy TOXHOKYy BHUMIpIOBaHHSA (TPaHUISI OCHOBHOI
JOMYCTUMOT TOXMOKM TNpPU BHMIPIOBaHHI Hampyru
0.01%), Bucoxy uytnusicth (0.003°C mns Tepmormap
1 0.02°C mnst TepMOMETpIB OTOPY), & TAKOK BUCOKUH
KOoeQiIlieHT IMOJABJICHHS 3aBaj JOCTaTHLOT

ammityan. HMoro memonikamu €: (i) BHCOKa wiHA —
ume 40008; (ii) KopcTkuit anroputM podOTH
(BiICYTHICTD MOXJIHMBOCTI OOpoOKHM JaHHX 3a
aNropuTMaMH KOPWCTyBaua), HE MAWBITYUCH Ha
HAsSBHICTh JIOCHTh 3HAYHUX  OOYHMCIIOBAIHHHIX
pecypcis.

Mertoto crarTi € po3podka npernusiinoro b3/] Ha
0a3i cirma-genpta ALl skuii 3a TeXHIYHUMH
XapaKTEepUCTUKaMU OyJie HAOJMKATUCA 0 MOJIYJIIB
npyroi rpynu (1 mepeBepLIyBaTH iX MO0 JiHIHHOCTI
Ta MOXIIUBOCTI JIOBLTBHOT OOpOOKM NaHMX), a 3a
CTPYKTYpOIO 1 E€KOHOMIUYHHUMH XapaKTEPUCTUKAMHU
Oyzae BigmoBimath mepwiii rpymi. s gocsrHeHHs
MeTH OyIyTh 3acTOCOBaHI SIK KOHCTPYKTHUBHO-
TEXHOJIOTIYHI MeToan (KOHTAaKTHUHA KOMyTaTop Ha
TeKOHOBUX pene 3 JOJAaTKOBHUMU
TEPMOBHPiBHIOBaYaMH i eKpaHOBaHUH
Tpancdopmarop B OJIOIII KUBJICHHSI) TaK i
CTPYKTYPHO-QJITOPUTMIUHI  (KOpEKIis aJWTHBHOI,
MYJIbTUIUTIKATUBHOT Ta  HENIHIMHOI  CKJIaJOBHX
CUCTEMATHUYHOL MOXUOKU AT, KOPEKIIis
TeMmepaTypHoi  TOXHOKH  JpKepena  HalpyTd
KaxiOpyBaHHs, a TaKOX JUCTaHIIiHE
nepernporpamyBanas). Sk 0a3y g po3poOKu
BHKOpHCTaHO mpernusianii b3/[ 3 aucranmiitanm
nepenporpaMmyBaHHsIM Ha 0a3i curma aeiabta AL
AD7712 [6].

CTPYKTYPA NMPOMNOHOBAHOI'O BJIOKY
3bOPY OAHUX

Ctpykrypy ©6azoBoro b3Jl mpencraBieno Ha
puc.l. Sdx ALIl BuUKOPHCTOBYETBCS Mikpocxema
curma-nensra nepersoproaya AD7712. Jo ogHoro
3 11 BxoxiB (INO) migkmroueHO BHIXi KOMyTaTopa
MUX Ha 6a31 repkOHOBHX peie 3 JOJaTKOBUMH
TepMoBupiBHIOBadamu [7], apyruit  Bxim (IN1)
3aKOpOYCHO (KaHaJ yCTAaHOBKH HYJIS), a IO TPETHOTO
(IN2) — migkiIr4eHo JPKEpeNio B3ipIeBOi Hampyru
REF na 0a3i wmikpocxemu AD780 (kanan
kamiopysanus). B crpykrypy B3]l BXomaTe Takox:
MikpokonTposiep AT89C52, perictp agpecy RgA
tuny 74ALS573, omepaTuBHUI 3amam’sTOBYHOYHN
npuctpii  RAM  tunmy 62256, cuctemHuit
nermmdparop DC tunmy 74L.S145, Tpurep kepyBaHHS
pexxumoM pobot Tg 1 amanTep MOCTiIOBHOTO
intepdeticy IFA. B ckmag IFA BXomste ontpoHHU

ragpBaHigHOI  po3B’s3km  THmy  AOTI128 i
TPaH3UCTOPHUN  BUXigHUM  Kackax.  OcTaHHIN
OiATpUMY€E  SIK  TPaguLiMHUN  TPHOXIPOBIIHUIHA

inTepdetic RS232, tak i itoro monudikamiro [8], sixa
JIO3BOJISIE CTBOPUTH IBOXIPOBITHY MeEpexKy 0Oe3
BUKOPHUCTaHHSI JOJATKOBUX MEPEKEBUX aJlalTEPiB.
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Puc.1 - CTpykrypHa cxema po3podiaerHoro b3/{
3anpornoHoBaHa CTPYKTypa JIO3BOJISIE  CKWJIaHHS ~ MIKPOKOHTpOJIepa B CTaH  3aIlucy
JMCTaHLIHHUH 3anuc porpamu pobotn  mporpamu podotu B O3I1.
MIKPOKOHTpOJIEpa depe3 TOCTIAOBHHHA iHTepdeiic [Iporpamue 3abesmedeHds po3podieHoro b3J1
npu BBIMKHCHHI JKUBJICHHS abo HOTr0  CKJIAJa€ThCs 3 JBOX YAaCTHUH — IMOCTIHHOI (IpaiiBepu

nepenporpamyBaHHs B mpoueci pobotu [9]. Ilpu
BBIMKHEeHHI Hampyru xwuBieHHs B3]l dopmyernscs
curHajn ckuaaHHs Reset, gxuil mocrymae Ha
MiKpOKOHTponep Ta Tpurep Tg. Tg BcTaHOBIIOE
MIKPOKOHTPOJIED B PEXHUM BHKOHAHHS MPOrPaMH,
3amucanoi y BHYTPIIITHIH MTOCTIHMI
3amam’siToBytounii mpuctpii II3I1. Lls mporpama
MIPOBOJIUTH NOYaTKOBY  YCTaHOBKY  IIOPTiB
MiKPOKOHTpPOJIEPA, HAaCTPOHKY MIOCJiIOBHOTO
iHTepdeticy, iHimiamizamiro Mikpocxemu AD7712 Tta
MOCHJIA€ Yepe3 TOCHIIOBHUM iHTepdelc cepBepy
iH(OpMaIiiTHO-BUMIPIOBAIEHOI ~ CHCTEMH  CHTHAN
TOTOBHOCTI Ta 3allUT Ha 3aBaHTa)XEHHsS INPOrpaMu
pobotu. OrtpumyBaHi depe3 iHTepdelic Koau
mporpamMu pobdotu posmimytotsest B O3I1. Ilicns
3aKiHYEHHS TPUHOMY TIPOTPaMH MiKPOKOHTPOJIEP
¢dopmye Ha Bxomax nemudparopa DC kox 1000, mo
OpUBOIUTH 10 TMepeKuigaHHs Tpurepa Tg Ta
CKHJIAHHS MiKpokoHTpojiepa. Ilpm npomy craH
Tpurepa Tg 3amae mepexili MIKPOKOHTpoJiepa B
PEKMM  BHKOHAHHS HpOrpaMH, 3alUCcaHol B
30BHIIHIO 1maM’siTh, ToOTO B O3IL Ilpm mpomy B
O3I1 3HaxomIThCd SK KOJOBHMM CErMEHT, TakK 1
CeTMEHT  JaHuX.  PO3poOHMK  TpOrpaMHOro
3abe3neyenHss b3/l moBuHEH po3dinuTH X IpH
KOMITUTSIIIT MPOTpaMH poboTw. Take
nepenporpaMyBaHHsT MOYKHa BUKOHATH 1 B Tpoleci
podoru B3J[. Hdns mporo HEOOXiAHO MMOJATH Ha
MIKPOKOHTpOJIEp KOMaHLY, sika chopMye Ha BXOIaX
nemmdparopa DC xox 1001, mo mnpuseme 1m0
MOBEpHEHHS Tpurepa Tg B NOYATKOBHHA CTaH i

komytaropa, ALIl, inrepdeiicy) Ta 3MiHHO]
(mamporpamMa OOpOOKM CHTHANIB CEHCOPIB, sKa
peari3ye alropuTMH KiHIIEBOTO KOpHCTyBada). ToMy
kokeH B3l B Mepexi (akTHYHO BHKOHYE
IHAWBIMyallbHy MIPOTpamy, sika B OBLIBHUN MOMEHT
MOke OyTH 3MiHEHa KOpPHCTyBadeM, IO YyCYBae
NepuInid  HeJOMIK icHytounx OnokiB. Pozpobnene
nporpaMHe  3a0e3ledeHHs €  CyMICHHM 32
KoMaHgamu 3 Moayinem [-7018, mo go3Bosse
BUKOpHCTOBYBaTH po3pobnenuit b3J[ B HasBHHX
iH(pOpMaLiHO-BUMIPIOBAJIbHUX CHCTEMaxX 3aMicTh
HBOTO.

Crtpyxkrypa po3pooseroro b3/] BimpizHseThCs Bi
ctpykrypu [-7018: (i) BUKOpHCTaHHSIM B KOMYTaTOpi
TepKOHOBHX pene [7], mo A03BONHMIO 30iTbIINTH
JOTYCTAMY aMIUTITyly ‘“‘“MiKKaHAJIBHOI~ 3aBajdl [0
600 B; (ii) mepeHOCOM MIKPOKOHTpOJIEpa B YACTUHY
CXEeMH, fKa Ma€ TalbBaHIYHy pPO3B’S3KY, IIO
JI03BOJIMJIO 3MEHIINTH KiTbKICTh ONTPOHIB 3 CEMH JI0
JIBOX, & EMHICTh po3B’s3ku 3 14 nd nmo 4 nd; (iii)

BUKOPUCTaHHSIM B ool JKUBJICHHS
Tparcopmaropa 3 po3AUIEHUMH OOMOTKaMH, IO
JO3BOJIMIIO  3MEHIIMTH  €MHICTH  TallbBaHIYHOL

po3r’s3ku 3 80 nd g0 15 nd. OcranHi nBa 3ax01U
JO3BOJIWIIA  3a0e3MeunT  KOe(illieHT IOAaBICHHS
3aBaja 3araipHOrO BUAy 160 ab mpw momycTrMii
amrriTyni 3aBagum go 600 B. Takum uyuHOM,
HENONIKA MOZYJISt 1-7018 11010 HU3BKOI1
3aBaJOCTIHKOCTI MOXHA BB@XAaTH YCYHEHUMHU.
VYcyHeHHST HACTYIMHUX HEAOJIKIB, IIOB’S3aHUX 3
HEOOXI1THICTIO TiIBUIIIEHHS] TOYHOCTI BUMIipIOBaHHS,
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€ OKPEMOIO 3aJ1a4er0, PO3B’A3aHHIO SKOI MPUCBSYCHO
HACTYITHUH pO3ai.

NIABULLEHHA TOYHOCTI BJIOKY
3bOPY AHUX

Sk BKa3aHO y BCTYII, IS MiABUINEHHS TOYHOCTI

npormonoBanoro  b3J[  OymyTs  BUKOpPHCTaHi
CTPYKTYPHO-aJITOPUTMIYHI METO/H, SIK1
rmepen0avaloTh  KOPEKIil0  PI3HUX  CKIIAJOBUX

MMOXHOKH. SIKITO0 KOPEKIit0 MOXHOOK HE TMPOBOIHTH,
TO TpPaHUIS OCHOBHOI JOIyCTUMOI TOXHOKH
npornonoBanoro b3/] 6yzae 0,1%, ananoriuHo, ski i B
momyns [-7018. [lns xopekmii amuTHUBHOI 1
MYJIbTUTUTIKATUBHOT CKJTaJIOBUX MOXUOKH
BukopructaHo kaHamu IN1 i IN2 ANl [ns
3abe3redyeHHss BUcokoi TouHocTi b3J[ B poboumx
yMOBaxX MOXJIMBE BpaxyBaHHSA TeMIIEpPaTypHOI
nonpaBku B3ipreBoro mkepena REF AUggr. s
OO BHXiJ BOyZOBaHOTO B Mikpocxemy AD780
CeHcopa TEMIIEpaTypH MiAKIIOYa0Th A0 OIHOTO 3
Bxomie B3/, a mpu Bumycky b3J] npoBoasars
kamiOpyBanas ALIl mpu nBox Temmeparypax i
3aMuCyIOTh JiCHI 3HaYeHHS Hanpyru ukepena REF
1 3HalimeHoro TtemmeparypHoro koedimienra B [1311
MikpokoHTponepa. [lpu 3aBaHTakeHHI poOOYOi
MpOrpaMu Ii 3HAYCHHS PO3MINIYIOTHCS B OCTAaHHIX
komipkax O3Il. 3nauenns mompaBku AUggr Bifg
TEMIIepPaTypH BU3HAYAETHCS SIK

AU ey (t): SU (tREF - to)

me: S, — TeMmmepaTypHuil KoedilieHT JpKepena
REF; ¢, — 3HadyeHHsA TemIeparypu KanaiOpyBaHH:

B3/l mpu HOpPMalnbHUX YMOBAX; [,z — IOTOYHA
REF,
BUMIPSTHHIA

TemmepaTrypa JpKepena
e =(Ur =Uy) /Sy U, -
MIOTOYHHUU CIaJ HANPYTH Ha CEHCOpi TeMIepaTypu
mxepena REF; U, — cmag Hampyru Ha ceHcopi
teMrrepatypu mkepena REF mig gac kamiOpyBaHHS
B3]] mpu HOpMalbHHMX yMOBax; S, — UYyTJIHUBICTH
ceHcopa temneparypu jkepena REF.

CxopHuroBaHui pe3ynbTaT BUMIPIOBaHHS
BH3HAYAETHCA 32 POPMYIIOIO:
N, -N
_ Vy 0
x =y N X (U pep + AU pgre) (1)
REF — *Y0

ne: Ux — 3HaueHHs BximHol Hanpyru; Uggr —
3HAYeHHs Hampyru B3ipueBoro mkepena REF; Ny —
pe3yibTaT neperBopeHHs BxinHoi Hanpyru Ux; Ny —
pe3yibTaT MEPETBOPCHHS TP YCTAHOBIN HYJISA (TIpH
migkmoueHi kanamy IN1 ALII); Nggr - pesynbraT
neperBopenHst ALIT B3ipueBoi Hanpyru Uggr (mipu
migkrodeHi kanamy IN2 ALII).

OWiHUMO  OCHOBHY  JONYCTHMY  MOXHOKY
3anporoHoBaHoro  b3J[. AautuBHa  cKnagoBa
moxuOkn Al wa pmiamazowi 2,5 B, mpum mii
YCTaHOBKHU HYJISl, BA3HAYAETHCA:

e JloxuOkolw KOMyTaTropa TpH IIiJKITIOUYEHI

3akopoueHoro kaxamy IN1 AL, A, =0,5ul
[71;

e [llymom ANII, sxwii Ha miamazoni 2,5 B
ckmamae A,, =2uV [2];

e [loxubkorw muckperHocri AlIll, ska Ha
nianasoni 2,5 B cknamae A ,, ~0,13uV [2].

Kopemsimist Mk TepeliyeHUMH — TTOXHOKaMu

BIJICYTHS, TOMY iX CyMy 3HaXOJUMO SIK

Bue =B + (B +(8,) =247

MynpTHIUTIKATHBHA TTOXUOKA Ha Aiama3oHi 2,5 B,
NpY BUKOHAHHI oIepalii KaniopyBaHHs, BKIIOYAE:

o JloxuOky KoMyTaTopa NpH IiIKIFOYCHHI
onopuoi Hanipyru AUIL, A, =0,5ulV [7];

e Illym AIll, sxuii nHa pnmianazoni 2,5 B
ckramae A,, =2uV [2];

o [loxubky mguckperHocti AIlll, sxka Ha
miamasoHi 2,5 B ckimagae A, = 0,13V [2];
o  TloxuOky TEMIEepaTypHOT TOTMPaBKU

mxepena REF A .. =0,002% =504V [10];
e UYacoBmii npeitd mrepena REF 3a pik
A er =0,006% =150uV [10];

e JloxuOKy BM3HA4YEHHS 3HAYEHHS HaNPyrH
REF mpu Bumycky — cymMy MOXHOOK KoMmapaTopa

P3003 A, =0,0005% =5uV [11] i HOpMamBHOTO
enemenTa X488 [12] Ay, =0,001% =10u)V .

Kopensmiss Mk  mepenidyeHUMU
BIJICYTHS, TOMY iX CyMy 3HaXOJHUMO SIK

MOXUOKaMH

Asy Z\/(AKM)2 +(ANZ)2 +(AD)2 +(ATREF)2 +(A7REF)2 +(AK)2 +(Asc)2 ~160uV . (3)

3 BpaxysanHsaM He miHiitHOCcTI ALIT (0,0015%)
[2] rpaHuns OocHOBHOI momycTHUMOi MOXWOKU b3J]
Oyme

0 ;pc =x(0,01+0,0005(X s / X, =1))% (4)
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ne X g — niamason nmeperBopeHHs — 2,5 B; X,

— BXiJHa HampyTa.
Ha miamazoni ~20 MB (2,5 B / 128) aguTtuBHa i

BH3HAYalOThCsA  aHaioriwro g0  (1)..(3), 3
BpaxyBaHHIM TMOXHOKM KOeQIIlieHTa MiJCHICHHS
BXigHoro migcumobaua ALIT:

MYJIbTHILTIKATHBHA CKJIAIOBI IMOXUOKH
Agy =(A )’ +(A ) +(Ap) =(0,5)7 +(0,5)% +(0,5) ~085uV , (5)
Asy = J(AKM)2 + (M) +(Ap) + (Mg ) + (A ) +(Ag)* +(Age)” +(Apy ) = ©)
\/(0,5)2 +(0,5) +(0,01)* +(0,4)*> +(1,2)> +(0,05)* +(0,1)* +(0,2)> = 1,5uV
Amnamorivao g0 (4), TpaHHWII  OCHOBHOI Jlist  Kopekmii  HeNHIMHOCTI  MPOITOHYEThCS

normyctumoli moxubku  B3/l, srimgno (5), (6) Ha
niamazoni 20 MB Oyze

3 e = +(0.01+0.005(X 15 /X, =1)%  (7)

Crin BigzHaunty, mo rpasuti (4) i (7) ocHOBHOI
norryctuMoi oxubku b3J] Bu3HaueHi s pobounx
YyMOB ekcruryatariii. Taka TOYHICTHP 3 3amacom
3aJ0BOJIbHSIE BHMOTH TEHEPAaTOPHUX CEHCOPIB,
OHAK I TapaMeTPUYHUX  CEHCOPIB  MOXKe
BUSIBHTHCS HemocTaTHho0. B3/ Ha 0a3i cirma-
nenbra AL gacTo OyayTh BUKOPUCTOBYBATHCS LIS
Opeuu3ifHOro  BUMIDIOBAaHHA  TEMIEpaTtypu 3
JIOTIOMOTOI0  TepMOMETpiB omopy [4]. B Takomy
BUTIAJKy YacTO BHKOPHCTOBYIOTH METOJ 3aMillleHHS
[13] 1 BuUHMKAae TIMTaHHS OLIHKH IOXHOKU
pe3ynbTaTy BHMIpPIOBaHHS B TakoMmy Bumaaky. Jlims
MOCTIB 1 TIOTCHIIIOMETPIB PYYHOTO 3PiBHOBAKCHHS
o 1moxuOKa  BH3HAYAETHCS ~ BUXOASYM 3
MaKCHMaJbHOI TOXUOKH, 5Ky CTBOPIOIOTH Ti
€IEeMEHTH IUIeua 3pIBHOBAXKEHHS, IO HE OepyTh
ydacTb B 000X BHMIpIOBaHHSX MpH 3aMimieHHi. [is
ALIl mopo3psgHOro  3piBHOBaKEHHS  OLIHUTH
MMOXWOKY METOJy 3aMillleHHs CKJIagHile, —ale
NPUHIMIT 3AIMIIAETBCS THM JKe. A B 4Yaco-
iMoynbcHEX Ta iHTerpytounx ALIl (mo Hux
BimHOCUTKCS cirma-nenbra AL mpu neperBopeHHi
3aMisiHI BCI €JIEeMEHTH HE3aJeKHO Bill pe3ysbTary.
Tomy  moxubky  MeTomy  3aMillleHHS  TIpU
BukoprctanHi Takux ALl MoxkHa oImiHUTH Yepe3 iX
HETHIAHICT, — IHTETpAIbHY 1 JuQepeHIiaabHy.
HudepenniansHa HenmiHilHicTh cirma-gensra AL
Mana. [lns AD7712 rapaHTyeTbcs NpaBUIBHICTDH
3MiHH KOy (no missing codes) Ha piBHI 22 po3psaiB
[2], wo BiamoBimae moxuéui 25%10°%, uum MoxHa
HEXTYBaTH. InTerpansHa HENiHIHICTh HE
niepesuirye 0,0015%, o He 103BOIISIE B TIOBHIH Mipi
peanizyBaTH MOXIIMBOCTI MeTomy 3amimenss [13].
Kpim Toro ymoBH, NmpH SIKHX HOPMYETHCS MOXUOKA
HemiHiiHOCTI AD7712, B [2] He BKazaHa. Tomy
JIOTIUTBHOIO € KOPEKITis moxuOku HemiHiHocTi ALITL.

BUKOPHCTAaTH JIOJAATKOBUH TOMUIBHUK  HANPYTH
mxepena REF, skuil cknagaerbest 3 ABOX OJHAKOBUX
pesuctopiB — R1 i R2 (puc. 2). BmmuB moxubku
HEpIBHOCTI ONOPIB LIUX PE3UCTOPIB HA BU3HAYCHHS
noxuOku  HemiHidHOCTI  AIIIl  mpomonyeThcs
YCYHYTH 3a pPaxyHOK METONy iX IPOTHUCTABIICHHS
[13]. Cmamm mampyr Ha pesumctopax R1 i1 R2
BUMIPIOIOThCSL OKpeMumu Kanainamu B3]l (Ha puc. 2

kaHan INS Bumiproe cman mampyrn U, Ha RI, a

IN6 — cmax mampyru U,, Ha R2). Jlna BuBOmY

(dhopMy BU3HAYCHHS ITOXHOKHM HETIHIHHOCTI Ha pHC.
3 nmpencrtaBieHO Tpadiku 3aJeKHOCTI BUXITHOTO
koxy ALIII Bing cmamy mampyru Ha pe3ucropax R1 i
R2. Tlpm mpoMy BBaKaeMo, IO AaIWTHBHA 1
MYJBTHIUTIKATHBHA TMOXUOKH KOXXHOTO pE3yJbTaTy
neperBopenHs ALIIl Bxe momnepeAHbO CKOPUTOBaHi
BiamoBigHO 110 (1).

B3J1
PY INO
7
J
R1 IN4
INS
IN6
R2
IN7
REF
Ur
UREF
GND

Puc. 2 - Cxema miak/JI049eHHs 104aTKOBOI0
NoAILHUKA KopeKUii HeJliniiiHOCTI Ta ceHcopa
TeMnepaTypu

s Oynb SIKMX 3Ha4YCHb OIOpY pe3ucTopiB R1 ta
R2 cmpaBmkyerbest piBHiCTs Uy +Uy, =U gy,
BiamosimHo 1o puc. 3 MOXHa TaKOXK 3aIHCaTH

NR] +ANL1 +NR2 +ANL2 =NREF (8)
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ac: NiisNpys N pep
niepeTBopeHHs ALl crmamiB Hampyr BiOIOBiAHO Ha
R1, R2 i Ha ix cymi; A,;,A, MOXUOKa

pe3yNbTaTH

HEJHIHHOCTI XapakTepucTuku neperBopeHHs ALTT
npu neperBoperHi Hanpyr U, ta U,,. Ockiabku

pesuctopu  R; Tta R, MawTe oagHakoBuit
HOMIHAJIBHHUH OITip, TO MO’KHA BBa)KATH, ITI0

Up ®Upy = Ny ®Npy = Ay = Ay, (9)

MMigcraBuBmu A ,,, *A,,, B (8), oTpuMaemo

MOTOYHE 3HAYEHHS TOXNOKM HEJIIHINHOCTI

ANadc

ANLIZ(NREF_NRI_NRZ)/z (10)

B 3B's3ky 3 TWM, IO aIWTHBHA i
MYJIbTUIUTIKATUBHA TOXHOKA KOPUTYIOTHCS IEpen
KOPEKI[I€0 TOXUOKH HEeNiHIHHOCTI, TO KOMITCHCAIIit0
HEMHIMHOI CKJIaJ0BOI CHCTEMATU4YHOI ITOXHOKHU
MOJKHA MTPOBOJUTH 3 JIOTIOMOTOIO MOJIIHOMA JIPYroro
MOpAAKY Oe3 BITHHOTO WiieHa

Ay (N)=AxN>+BxN (11)

dNL2

UR2 Uref

Puc. 3 - I'padiuna inTepnperanis mpouecy Bu3HaueHHs MoXu0ku Hejiniiinocti ALITT

ne: Ay, (N) — nompaBka, sika KOPUTY€e MOXHOKY

Hemidifinocri; N = —  mOTOYHME  pe3ynbTar
neperBopennst; A, B — koedilieHTH mogiHOMA, SKi
3HAXOJUMO IIUISXOM PO3B 3Ky CHUCTEMH JBOX
PIBHSIHB, CKJIaJICHUX IE YMOB
Ay (NREF): 0;A,, (NR1 ): A g - Po3B'azaBim
TaKy CHUCTEMY, OTPUMAEMO 3HAYCHHS KOE(]Iili€HTIB

A, B

_ Ay
2
Ny = N X N,
Ay XN gp

D)
Nt = Nipge X Ng,

B =

(12)

I[lpy  BUKOHAHHI  MOTOYHMX  BUMIPIOBaHb
3HAYCHHSI TIOMPABKH, SIKa KOMIICHCYE KBaJpPaTHYHY
CKJIQJIOBY CHUCTEMAaTUYHOI TMOXHOKH, BU3HAYAETHCS
IUISIXOM ImiacTaHoBKH B (11) mificHOTO MMOTOYHOTO
3HAYCHHS HENHIMHOCTI, oTpuMaHoro 3rigao (10), Ta

koedimieHriB A, B  oTpuMaHMX TpH  pilleHHI
cuctemu (12). Kiamnesa dpopmyia Oyzae MaTtu BHIT
N X (N =N )

4 x NIZ?EF

Ay (N)=A,,, (13)

Opnak, ciaif BII3HAYUTH, IO KOPEKIIiS MOXUOKH
HeJTHIHOCTI ATIIIT 3a JIOTIOMOT 010
3alpOIIOHOBAHOTO CIOCO0Y Bele 10 BHHUKHCHHS
METOAMYHOI ITOXMOKH, IOB’SI3aHOI 3 HelJealbHOI0
piBHicTIO pesuctopiB R1 i R2. BuHuKHEHHS
BKa3aHOI METOAMYHOI MOXUOKH LIIOCTpye puc. 4, 3
SKOTO BHJHO, III0 METOJWYHA IOXWOKa BHHUKAE
gepe3 MpUONM3HUK XapakTep mnpuiryrieHas (9).
[Ipunymenus (9) Beme 1m0 TOro, IO BU3HAYEHE
srimao  (10) moTouHe  3HAYEHHS  IMOXHOKH

HemiHiliHOCTI A ,,, Bimnosimae nampys3i U, a6o
U, A npu cknanansi cucremu piBHAHb (12) me

sHayeHHs: npummcano Hampysi Up.. /2. Tomy

nompaBka, BHM3HaueHa 3rigHo (13) BusABISIETHCA
Jlemo 3aHmwkeHow. [Ipy 1mpoMy odYeBHIHO, WIO
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METOOMYHA IIOXMOKA OIHO3HAYHO 3aJIEKHATH BIJ
JOIyCTUMOTO PO3KuAy omopy pesuctopiB R1 1 R2.
A

AnL
(@
]
&
b
~
N

OmiguMmo i1 3HAaYEHHS.

JlilicHa HeMHIAHICT

Po3paxoBaHa HemiHINHICTE

Puc. 4. - I'padiune npeacraBieHHs BAHUKHEHHS] METOAHYHOI MOXHOKH NMPH KopeKIii HeJiHiiiHOCTI

Buxonmsun 3 puc. 4, 3HAYCHHS METOJUYHOI

HOXHUOKH Aer KOpEeKIii HEJHIHHOCTI

BHU3HAYAETHCS PI3HUIICIO

:ANL(URI)_ANL(UREF/Z) (14)

AMET

3HA4YCHHA

me: Ay (Ug)s Ay (Uggrss)
HOXUOKY HEJIHIMHOCTI B BIIMOBIIHAX TOUYKAX.

IlincraBupmm B (14) 3HAUeHHS KOCQIIi€HTIB
nominoma A, B 3rimno (12), i mepeTBOPHUBIIH,

2
N REF

: (15)
4X(NR1_NREF XNRI)

Ayer = =Dy, x| 1+

SAxmo npuiinaty, mo Rg = (R1 + R2) / 2; R1 =
Rg + Ag; R2 = Rg — Ag, TO MOHa 3anucatd Ng; =
Nrs + Nar; Nrz = Nps — Nag. IlizcraBusim
NpUAHATI chiBBigHOWEHHS B (15) 1 mepeTBOpHUBIIH,
OTPUMAEMO

2
N REF

OTPUMAEMO
AMET :_ANLI x| 1+
4dx N
=Ay, X 2 2
NREF _4XNAR1

Ockinmbktt N pppe >> N oy Ta Ny ® 2X Ny,
(16) MoXHa TIPENICTABUTH K

4x Nz, N
Ayver Ay, > ~ Ay > (17)
REF RI
A N
B 3B’3Ky 3 THM, mo Oy = —+~—& (17)
R, Ny

MOYKHA TIPE/ICTABUTH Y HACTYITHOMY BH/I

Avpr = Ay X 51?1 (18)

Sx Bumao 3 (18), 3ampomoHOBaHWH MeETON
kopekiii HeminiiHOCTI AIIIl mo3Bomse edexTUBHO
3MEHIIUTH BIUIMB Ha pe3ylbTaT BHMIipIOBaHHS
KBaZpaTH4YHOI ckiaanoBoi noxuoku ALIL. Hasite npu
BUKOopucTaHHi pe3uctopie R1 i R2 3 gomyctumum
BIIXWJICHHSM OIOpYy Bix HoMiHambHOTO 5...10%
METOJIMYHA MOXUOKA KOPEKIlii € HACTUILKA MAaJolo,
0 J03BOJSE 3MEHIIUTH KBaJpPAaTHUHY CKJIAJOBY

4X((NREF/2+NAR1)2_NREF X(NREF/2+NAR1))

(16)

noxuOku HeminitHocTi AL B 400...100 pasis. Tomy
s cirma-nenpra  AI[ll xBajgpaTtudHa ckiagoBa
MOXHOKHM HENIHIHHOCTI CTa€ HEXTYIOYH Majloio, a
nificna  moxmbka  HemiHidHocTi B3/l Oyme
BU3HAUYaTHCSA: (1) CKJIaJOBUMH ITOXUOKHU HENIHIHHOCTI
BUIIMX TMOPAAKIB (piBeHh [HMX CKJIAJOBUX €
HKIAM); (i) BumamkoBoro moxuOkoro AIIIl, sxa
BU3HAYAETHCS PpIBHEM IIYMIB 1 3alUIIKOBUMH
3aBajlaMHU. ExcrniepyMeHTabHI JIOCITiPKECHHS
po3pobneroro B3]l mokazamm, mo HOro 3aauIIkoBa
iHTerpaibHa HeniHilHicTh He nepesuinye 0.0003%.
TobOto minidHicTs B3J] BimmoBimae 19 nBifikoBUM
pospsaam.  OTpuMaHe  3HAYCHHS  3aJMIIKOBOT
HENIHIHOCTI He XapaKTepu3ye MOXKIIHMBOCTI Cirma-
nenbta ALIT i mikpocxemu AD7712 30kpema. BoHo
(aKTUYHO BIANOBITAE MOMYCTHMIH HETIHIHHOCTI
B3ipIIeBUX 3ac00iB, 3 JOITOMOTOIO SKUX ITPOBOIHAITUCS
EKCIIEpUMEHTAIbHI JTOCITIHKCHHS.

BUCHOBKU

Po3pobnenuit npeunsiliHuii 610k 300py NaHUX HA
0a3i curma-menpra ALl Moxe wMarm mIHpoKe
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3aCTOCYBaHHS B  PO3MOAUICHUX  iH(GOPMAIIHHO
BUMIPIOBATBHUX CHUCTEMaxX BHCOKOI TOYHOCTI, SIKi
B3a€MOMIIOTE 3  PI3HOMaHITHUMH  CEHCOPaMH,
30KpeMa, TepMollapaMd 1 TEPMOMETpPaMH OIopy.
Moro ymiBepcanbHicTs 3a0e3medye muMCTaHIfiTHE
nepenporpaMyBaHHsi, SIKE J03BOJISIE TMOBHY 3MiHY
mporpaMu  OOpOOKH pe3yNbTaTiB BUMIPIOBAHHS B
poboumx yMOBaxX IO IIOCTIIOBHOMY iHTEpdeicy.
Kopekuisi TemrnepaTypHoi HECTaOUILHOCTI JKepena
B3ipIIEBOT HAIIPYTW A03BOJISIE 3a0€3MEUUTH IPAHHLIO
nonycrumoi moxubku 0,01% B pobounx ymoBax.
Kopekiriss HemiHINHOT CKJIaZOBOT  CHCTEMAaTHYHOI
NOXHOKM 3 JIOMOMOIOI0 PE3UCTUBHOIO MOITBHHKA
HAIlpyTd 3 B3a€MHUM IIPOTHUCTABJICHHSM PE3UCTOPIB
nmo3Boisie B 5...10 pasiB 3MEHIHUTH KBaIpaTHIHY
ckianoBy HenmiHidHOT moxuOku b3J] 1 3abe3meuye
TiHIAHICTh XapakTepucTuku neperBopeHHs AL Ha
piBHi 19 nBiiikoBuUX po3psamiB. lle mo3Bosie
BUKOPHUCTOBYBaTH po3pobIeHmit B3 JUTST
Openu3iiiHOr0 BUMIipIOBaHHS (i3MYHHMX BEJNWMYUH 3
JIOTIOMOTOI0 TTapaMETPUYHUX CEHCOPIB 3 HU3BKOIO
Yy TIUBICTIO.
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The analysis of the disadvantages of existed
DAQ modules based on precision sigma-delta
analogue to digital converters (ADC), particularly
24-bit ADC AD77xx chips of Analog Devices, is
presented in this paper. There is showed two typical
groups of such DAQ modules: (i) low-cost modules
which provide low precision and low noise
immunity (I-7018 of ICP is typical module of this
group [1]); (ii) high-cost modules which provide
high precision (NetDAQ of Fluke is typical module
of this group [5]). The disadvantages of these
modules are presented, particularly the low noise
immunity of [-7018 [3], it allows us to form the
target of this article and ways of improvement of
such low-cost modules.

The main target of this article is in development
of precision DAQ module based on sigma-delta
ADC which will provide technical characteristics,
which look like high cost modules (and it will
exceed it in the linearity and opportunity of data
processing) and will have the structure and
cost,which look like low cost group. The target was
obtained using technological way (multiplexer based
on hermetically sealed relays with additional
thermo-shunts [7] and shielded transformer) and
structural-algorithmic way (additive, multiplicative
and nonlinear errors of ADC correction, temperature
error of reference source correction and remote
reprogramming). The DAQ module with remote
reprogramming based on AD7712 chip [6] was
chosen as basic for development.

The structure of proposed DAQ module is
presented on fig. 1 of main part of the article. It
consists of 8 hermetically sealed relays of
multiplexer, sigma-delta ADC AD7712 [2],
reference voltage source AD780 [10],
microcontroller ~ AT89C52, address  register
74ALS573, RAM 62256, decoder 74L.S145, optical
isolation amplifier AOT128 and output transistor
cascade. The cascade allows using three wire
traditional RS232 and its two wire modification

which allow LAN development without network
adapters [8].

The proposed structure of DAQ module allows
remote sawing of the operating program of
microcontroller via serial interface after power on
and during operation of DAQ module [9]. In this
case drivers of multiplexer, ADC and result
processing program are saved in the RAM. In the
same RAM there is situated the data segment of
operating program therefore software developer
should separate it during software compilation. Each
DAQ module in the network executes its own
program which could be changed by user according
to the request.

In this DAQ module structural-algorithmic ways
of accuracy improvement are implemented, which
provide correction of different components of the
error. The additive error is corrected using results of
shorted channel measurement. The multiplicative
error is corrected using results of calibration by
reference voltage source. The high precision of
conversion in wide temperature range is provided by
correction of temperature error of reference voltage
source using measurement of temperature of AD780
chip by internal sensor [10]. Its voltage temperature
coefficient is defined by calibration of chip in two
different temperatures. This value and real value of
voltage is stored in ROM of module. The conversion
result is calculated by equation (1) of the main part
of article, where: Uy — input voltage; Urgr — voltage
of reference source REF; AUggr — temperature
correction factor; Ny — result of conversion of input
voltage Uyx; Ny — result of conversion of null setting
channel; Nggr - result of conversion of reference
voltage Uggr .

As it is shown in the article, the listed above
actions allow providing the following error of DAQ
module in operation condition: (i) not more than

S pe =+(0,01+0,0005(X 5 / X, —1)% for the

range 2,5 VDC; (ii) not more than
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0 pe =x(0,014+0,005(X s / X, =1))% for the

range 20 mV. This error could be obtained when we
use starting calibration by comparator R3003 with
error 0,0005 [11] and Weston standard cell X-488
with error 0,001 [12]. The obtained error of
developed DAQ module is enough for most
generator sensors but it could not meet the
requirements of some application with parametric
sensors. The DAQ modules based on sigma-delta
ADCs are often used for precision temperature
measurement using RTD [4]. The replacement
method is often used in this case [13]. The error of
replacement method with ADC could be evaluated
by integral and differential nonlinearity of used
ADC. The differential nonlinearity of sigma-delta
ADC is of very small value. For example, the
AD7712 provides the no missing code for 22 bit [2]
and it corresponds to the error 25%10°%. This value
is an infinitesimal quantity. The integral nonlinearity
is not more than 0,0015%. This value does not allow
highlighting the advantages of replacement method
[13]. Besides the working conditions of obtaining of
this value of nonlinearity error are not indicated in
technical documentation [2]. Therefore it is logical
to make nonlinearity correction of this ADC.

There is proposed to use additional divider of
reference voltage Uggr which consists of two
identical resistors - R1 and R2. It is presented on fig
2 of main part of the paper. It is proposed to use
contraposition of resistors of divider for removing
the influence of resistance error of resistors on
evaluated value of nonlinearity error. The voltages
of resistors R1 and R2 are measured by separate
channels of DAQ module. The fig. 3 of the main
part of the article presents dependence of output
code of ADC of voltage of the resistors R1 and R2.
Let us consider that additive and multiplicative error
are corrected according (1).

For any resistance of resistors R1 and R2 the
equation U, +U,, = U, is true. According to
fig. 3 we can write equation (8) of the main part of
article NipisNpys N g results of
conversion of ADC of voltage on resistors R1 and

R2 correspondingly and Uggg;

where:

ASVRRYAYVR

nonlinearity of the conversion characteristic of ADC
in the points of voltages U, and Uy, . If resistors
R1 and R2 have the same nominal resistance then
equation (9) of main part of article is true. If we
substitute A,,, ® A,,, into (8), than current value

of nonlinearity error could be find according to
equation (10) of main part of article.

If we make -correction of additive and
multiplecative errors before correction of nonlinear
error than we can make its correction using second

order polynomial without absolute term according to
(11) of main part of the article, where: A, (N) —

correction factor of nonlinearity error; N —current
conversion result; A,B coefficients of the
polynomial which could be found by solving of the
equation system (12), which are constructed for the
following conditions
ANL(NREF)zo;ANL(NRl)zANLRI' The

coefficients A and B will be founded after solving of
this equation system. The nonlinearity error
correction of current measurement results is done
according (13) of main part of the article.

But such correction of nonlinearity error brings to
appearance of the methodology error. The source of
this error is graphically presented on fig.4. The
assumption (9) brings to the fact that calculated
according (10) current value of nonlinearity error

A, corresponds to the voltage U,, or U,,. But

the equation system (12) attaches this value to the
voltage U, /2. The value of methodology error

of nonlinearity correction - A, is defined by the
equation (14) of main part of article where:
Ay, (Upg), Ay, (Upggr,,) — nonlinearity error in

the appropriate points. If we substitute into (14) the
coefficients A and B according to (12), we will get
equation (15). For the conditions: Rg = (R1 + R2) /
2; R1 = Rg + Ag; R2 = Rg — Ay, we can write Ni; =
NRS + NAR; NRZ = NRS — NAR- After substitution of
accepted assumption into (15) and processing we
will have equation (16). Taking into account that

N er >> Ny and Ny = 2 X N p, the equation

(16) could be presented as (17). Because of
Op, =Ag /R =N,/ Ny the (17) could be
presented as (18). As it could be seen from (18) even
for resistors with error 5...10% the methodology
error is small value and it allows 400...1000 times
decreasing of nonlinearity error. Therefore the
square component of nonlinearity error is negligible
quantity and real error of ADC will be defined by
the following components: (i) higher order
components of nonlinearity error (the level of these
components is significantly less); (ii) random error
of ADC which is defined by internal and external
noise. The experimental researches of the developed
DAQ module show that its nonlinearirty error is not
more 0,0003%. Therefore the linearity of this
module corresponds to 19 bit accuracy. The obtained
value of residual nonlinearity corresponds to the
reference devices of experimental researches.

The developed precision DAQ module is based
on sigma-delta ADC and it could be widely
implemented in distributive precision sensor-based
information measurement systems. The universality
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of the developed module is provided by its remote
reprogramming. This reprogramming provides full
replacement of data processing program during
exploitation. Correction of temperature error of
reference voltage source allows providing the
measurement error 0,01% in exploitation conditions.
The nonlinear error correction allows 5...10 times
decreasing of nonlinearity by correction using
second order polynomial. It allow wusing the
developed DAQ module in precision systems with
parametric sensors of low sensitivity
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