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HOBBIINEHUE JJUHEHHOCTH BBICOKOYYBCTBUTEJIBHBIX
UMIEJAHCOMETPUYECKUX CEHCOPHBIX CUCTEM

B. I’ Menvnux, A. B. Cruykuti

AHHOTanus. B cTaThbe paccMaTpuBarOTCA BO3MOXXKHOCTH YCTPAHEHMS BIMSHUS Ha TOYHOCTh
M3MEPUTEIBHOTO KaHaja HaJW4us Ha €ro XapaKTepUCTHKe MpeoOpa3oBaHUs 30H C aHOMAJIbHO
MOBBIIIEHHOW JUCIepcrel Moly4aeMbIX pe3ysbTaToB, YTO UMEET MECTO MPU KOMOMHHUPOBAHHOM,
BBICOKOJMCKPETHOM, aHAJIO0ro-uu(poBOM Mpeodpa30BaHUK CUTHAJIOB B MOCTaX MEPEMEHHOTO TOKa,
B YaCTHOCTH, IpU ucronb3oBaHuu uHTerpupyomux ALII MAX-132 ¢ usmeHsaemMoil ckopocTbio
paspsina. [IpennoxkeHHbIe METOBI PACTIO3HABAHMS STUX 30H, C KOTOPBIMU CBsI3aHa creludpuiecKas
HEJIMHEHHOCTh NMpeo0pa3oBaHUs B BHICOKOUYBCTBUTEIbHBIX CUCTEMAX C UMIIEJAHCHBIMU CEHCOPAMH,
MIO3BOJISIIOT PEajanu30BaTh UHTEIUIEKTYaJlbHbIE aIrOPUTMbl U3MEPEHUN, CYLIECTBEHHO MOBBICUTH
pa3penaronryto CocOOHOCTh M CHU3UTh MTOTPEITHOCTH MPUOOPOB.

KiroueBblie cj10Ba: MOCT IEPEMEHHOTO TOKA, XapaKTepUCTHUKA NPeoOpa30BaHusl, HEITMHEHHOCTb,
unTerpupytone AL
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HIJIBUINEHHA JIHIHHOCTI BUCOKOUYTJINBUX IMIOEJAHCOMETPHYHHNX
CEHCOPHUX CUCTEM

B. I’ Menvnux, O. B. Cniybkuti

AHoOTanisi. Y CTaTTi po3IIsIAIOTHECS MOXKIIMBOCTI YCYHEHHS BIUIMBY HA TOYHICTH BUMIPIOBAJIbHOTO
KaHaTy HAasBHOCTI HA HOTO XapaKTEPHCTHII TIEPETBOPEHHS 30H 3 aHOMAJILHO TTiJBHIIICHOIO JTHCTIEPCIER0
OTPUMaHUX PE3YJIBTaTIB, 10 MAE MICIIE IPU KOMOIHOBAHOMY, BUCOKOANCKPETHOMY, aHAJIOTO-LIU(POBOMY
MIEPETBOPEHHI CUTHAIIB B MOCTaX 3MIHHOTO CTPYMY, 30KpeMa, MpH BUKOPUCTaHHI iHTerpyrounx ALIT
MAX-132 31 3MIHHOIO IIBUJKICTIO PO3pPsiy. 3aporOHOBaH1 METO/IM PO3Mi3HABAHHS LUX 30H, 3 SKUMU
TIOB's13aHa CrelM(iYHa HEIHIHHICTh IEPETBOPEHHSI B BUCOKOUYTIIMBUX CUCTEMAX 3 IMITETAHCHIMHE CEHCOPaMH,
JIO3BOJISIFOTH Peajli3yBaTH 1HTEIEKTyaIbHI alTOPUTMU BUMIPIOBaHb, ICTOTHO MiABUILIUTH PO3PI3HIOBATBEHY
37IaTHICTD 1 3HU3UTHU MTOXUOKH TIPUIIA/IIB.

Kuro4oBi c/10Ba: MiCT 3MiHHOTO CTPYMY, XapaKTepHCTUKA TIEPETBOPEHHSI, HENHIMHICTb, 1HTerpyrodi AL

INCREASING OF LINEARITY OF THE HIGHLY SENSITIVE IMPEDANCE-
MEASURING SYSTEMS WITH SENSORS

V. G. Melnyk, A. V. Slitskiy

Annotation. In the article discussed the possibility of eliminating the influence on the accuracy of
the measuring channel of presence on the its conversion characteristic of the zones with abnormally
increased dispersion of the results, as is the case with the combined, highly-discrete, analog-to-digital
conversion of signals in the AC bridges, in particular, when is using the integrating ADC MAX-132
with multi-slope of discharging. The proposed methods of recognition of these zones, which are
associated with the peculiar nonlinearity of the high-sensitivity systems with impedance sensors, allow
realize the smart measurement algorithms, significantly improve resolution and reduce instrument error.

Keywords: AC Bridge, characteristic of conversion, nonlinearity, the integrating ADC

BBenenue. [Ipu TexHOTOTHUYECKOM KOHTPOJIE,
MOHHUTOpPUHIE, JAUATHOCTHKE W aHAJTUTHYECKHX
UCCJICIOBAHUSAX C MPUMEHEHUEM HMIIEIaHCHBIX
CEHCOPOB YaCTO OCYIIECTBISIETCS PETUCTpalus
MAacCCHBOB TapaMeTPOB JIUHAMHYECKHUX IPOIIEC-
COB, JUIA Yero TpeOyeTcs IIMPOKHH JIHara3oH
npeoOpa3oBaHUsl CUTHAJIOB, BBICOKHE OBICTPO-
JEHCTBUE, YyBCTBUTEIBLHOCTh M pa3periarolas
criocoOHOCTh. [t yBenuueHus uH(OpMalnoOH-
HOU MPOU3BOIUTEIHHOCTU U3MEPEHUN MTPUMEHSI-
10T KOMOMHUPOBAaHHOE BBICOKOUCKpeTHOE (20 1
Oosiee ABOWYHBIX pa3psaoB) aHAIOTO-IU(POBOE
mpeoOpa3oBaHNEe CUTHAIIOB B MOCTaX IEPEMEH-
HOTO TOKa [1, 2]. OHO BKITIOYAaeT OBICTPOE, HU3KO-
JUCKPETHOS, U MEJICHHOE, BBICOKOAMCKPETHOE,
CpaBHEHHSI U3MEPSIEMOTO U 00pa3IOBOrO CHUTHA-
noB. [Ipu sTOM, Ha OmpeAeNeHHbIX, IepUoInYe-

CK{ TOBTOPSIIOLIUXCS YPOBHSAX CUTHAJIOB, MOXKET
BO3HUKATh IOBBIIEHHAS JUCIEpCUs MOoTydae-
MBIX PE3y/bTaTOB M3-3a HEYCTONYMBOCTU OTCYE-
Ta B BUJE CKAuKOB Ha IOCTOSHHYIO BEJIMYUHY,
CBSI3aHHAs C BO3/CWCTBUEM HIYMOB NpPU HHU3KO-
JTUCKPETHOM CpaBHEHHMH. Takas HEyCTONYHMBOCTH
MOKET BO3HUKATh KaK IMPU ypPaBHOBEIIMBAHUU
MOCTa M3-3a2 HEJIMHEHHOCTH €r0 ypaBHOBEIIMBA-
tfomtero 3nementa (LIAII), Tak ¥ npu U3MepeHUn
€ro BBIXOAHOIO cHrHaja ¢ momompbio ALl B
YaCTHOCTH, ATO IPOUCXOJUT B MHTEIPUPYIOLINX
AIII ¢ nepemenHoi ckopocThio paspsna [3], B
TOM 4HCJie B UHTerpainbHoM «multi-slope ADCy»
tuna MAX-132, kxoTopblii y10O0€H 111 IpUMEHe-
HUS B UMIIEIAaHCOMETpUYECKOU anmaparype. [1pu
YCPEOHEHUH JTOCTaTOYHO OOJNBIIOrO YHCla OT-
CUETOB ATO MPHUBOAUT K crienuduyeckoii nudde-
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PEHLMATBHON HENMMHEHHOCTH mpeoOpa3oBaHMs,
KOTOpasi B HECKOJIBKO pa3 CHWXKAET pa3pellaro-
Y10 CocoOHOCTh PrOOpoB. OHA MOXKET OBITH
YMEHbIIIEHA METOJJaMH, IPEUIOKEHHBIMHU B [2, 4].
OnHako 3TH MeTo/bl Hed(PPEKTUBHBI IPU OBICTPO
M3MEHAIMXCA curHanax. B pabore, Ha mpu-
Mepe ocobennocreir ALIIT MAX - 132, paccma-
TPUBAETCSl HOBBIM METO/, OCHOBAaHHBIM Ha pac-
MIO3HAaBaHUM U MCKIIIOUYEHUH U3 XapAKTEPUCTUKU
npeoOpa3oBaHus 30HBI HeycToHYMBOCTH. OH 3a-
KJIIOYAeTCs B BBISIBICHUH PACLICIIIICHUs 00JacTu
pacrpeneneHus BEpoATHOCTEW P momydaeMbix
3HAYCHUU NX A3MEPSIEMOr0 CHUTHAaja UX Ha JBE
pa3zesieHHbIe YacTH, OTCTOSIIME APYr OT Jpyra
Ha BEJIMYMHY YKa3aHHOI'O CKayKa, 4TO XapakTep-
HO U1l 3TOM 30HBL. HeoOxonumMble BBIYMCICHUS
MIPOU3BOASTCS B MPOLIECCE YCPEAHEHUS Pe3yilb-
TaTOB MpeoOpa3oBaHUM AJISi CHUKEHUS BIUSIHUS
IIYMOB, MIOTOMY HE TPeOyIOT JAOMOTHUTEIbHBIX
3arpar BpemeHu. [Ipu nonaganuu padoyeit Touku
B TaKylO 30HY IPOU3BOJUTCS €€ KaTuOpOBaHHOE
CMEIEHHEe, KOTOPOE YUUThIBaeTCs Mpu 00paboT-
K€ PE3YJIbTaTOB.

IIpensnaraembiii Meron usmepenusi. Cren-
nduueckuil xapakTep MPOSBICHUS BHYTPEHHHUX
noMmex B paccmarpuBaemoM Buae ALl we mo-
3BOJISIET OOPOTHCS C HUMU OOBIYHBIMU METO/IAMU:
YCPEIHEHHEM pPEe3yJbTaTOB HECKOJIBKUX Mpeod-
pa30BaHMI W/WIK MPeIBaAPUTEIbHBIM YCUICHHEM
peoOpa3yeMbIX CHTHAJIOB. YCHIIGHUE U3Mepsie-
MBbIX aHAJOTOBBIX CUTHAJIOB B UMIIEJAHCOMETPHU-
YECKOM KaHalle KpailHe HeXXeJaTeIbHO, IOCKOJIb-
Ky CHMXAeT €ro TOYHOCTh, 0COOEHHO MpH MOBBI-
IIEHUH pabouuX YacToT.

B [2] Obna moka3zaHa mpUHIUIIHATIBHAS BO3-
MOXXHOCTb JUISl YCTPOUCTB ¢ yka3zaHHbIM ALIII
MPAKTHYECKH MOJTHOCThIO YCTPAHUTh YKa3aHHYIO
HEJIMHEMHOCTD BBIMOJHEHUEM CEPUU MU3MEPEHUI
MIPU KaTMOPOBAHHBIX CMEIICHUSIX pabodeil TouKu
BII0JIb XapaKTEPUCTUKHU PeoOpa30BaHUs C MOCe-
JYIOLIUM MX YYETOM NPU 00paboTKe pe3yIbTaToB.
OnHako, Ipu 3TOM CyMMapHO€ YHCIIO HEOOXOaH-
MBIX OTCUETOB MHOTOKPATHO IMPEBBIIIANI0 TO UX
KOJIMYECTBO, KOTOPOE TpeOyeTCst ATIsl CBEIEHUS K
ONTUMATFHOMY MHHHMYMY TMPOSIBICHHSI OObIU-
HBIX IITYMOBBIX MTOMEX, CHJIBHO yBEIMYHUBAs BpPE-
Msl U3MEPEHHMsI, YTO HENPUEMIIEMO JJIsi CEHCOp-
HBIX CUCTEM. B cBsi31 ¢ 3TUM, OBLITH pa3padoTaHbI
BapHAHTHl HOBOTO, WHTEJIEKTYaJIbHOTO, METO/Ia
M3MEpEHHsI, TO3BOJISIONIETO ONTHMH3UPOBATH CO-
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YeTaHHe TOYHOCTU U OBICTPOAEHCTBUS B KaHaIaxX
¢ MHOropaspsiaiHbiIMu uHTerpupyrommumu AL
CyTpb 3TOro MeToJa 3aKJIIUaeTcs B CKaHUPOBA-
HUU y4YacTKa XapaKTePUCTHKHU IMPeoOpa3oBaHUs
AL, npuneraromiei k Texyuiei padoueit Touke,
MyTeM KaTuOpPOBAaHHBIX BapUaIUil U3MEPSEMOTO
CHUTHaJla C TIOMOINbI0 JomosHuTeNbHOTO [[AIIL
B MOCTOBOM II€TH, PAcO3HABAHUU 30H C TMOBBI-
MIEHHOH crerUYIecKoil Tucrepcruen pesyabTa-
TOB U UCKJIIOYEHHUS! UX HCIIOIb30BAaHUS IPU BbI-
MOJIHEHUU u3MepeHuid [4]. OCHOBHbBIE TPUHIIMIIBI
BO3MOXKHBIX peaIM3aluii TAKOTO METOJa PACCMO-
TPUM HUXKE.

CrpykTypa m3MepuTelbHOro kaHana. Ha
Puc. 1 npencrasnena MoguduuupoBaHHas QyHK-
LIMOHAJIbHAS CXeMa UMIIEJaHCOMETPHUECKOTO Ka-
Haja ¢ KOMIEHCAIlMOHHO-MOCTOBON U3MEPUTEIb-
HOHM IIEMbI0, JIeTaIbHO PacCMOTPEHHOTO B [2].
Ero OCHOBHBIMH 3JIEMEHTAMM SBIISIFOTCS: TE€HE-
parop I' TecroBoro curnana Ur, moaBaeMoro Ha
oowvekT mmepenus (Cx, Gx), oOpas3ioBas BETBb
MOCTa C MepaMu akTuBHOM npoBoaumoctu GO u
emkoct C0, Ha KOTOpPbIE MTOIAETCS HANPSKEHNE
¢ perynupyemoro aenutens HampstkeHus (OY1
u I[AIIl), mpeoOpazoBarenb TOK-HAMPSHKCHHUE
IITH, perynmupyeMblii YCHIWTEIb CHUTHAlla He-
paBHoBecust MocTa Ha OV 3, CHHXpOHHBIN JEeTEK-
top CJI /Uit BbIENEHUS] COCTABIISAIOIINX CUTHA-
Ja HepaBHOBecus MocTa 1o napamerpam C u G,
KOTOPBIA YIPABISIETCS  OMNOPHBIMU CUTHAJIAMH
Ucd nmm Uk (cuH(}a3HBIM B KBaApPaTypHBIM C
Ur), ALII ¢ uCTOYHMKOM ONOPHOTO HAPSKEHUS
U0, muxpokontposiep MIIK u peructp ynpas-
nenust PY. Jlng cmemienus: moynoxxkeHus: pabodeit
toukn Ha mkaie AT coyxur LAII2, Bxitto-
YEHHBI NapajuleIbHO YPaBHOBELIMBAIOLIEMY
aneMeHnTy MoctoBoil nenu (LJAIIl). Ero pery-
aupyeMas MpOBOAMMOCTD IMOJAKIIIOYEHA TaK XKe,
KAaK M peryjimpyemas MpoBOJUMOCTb OCHOBHOIO
[HAII1 — x uHBepTHpYIONMIEMY (TOKOBOMY) BXOIY
onepanuonHoro ycuiutens OY 1. Ognako Hanpsi-
JKEHUE Ha 3Ty MPOBOJIUMOCTD [TOIA€TCsl yepes Je-
mutenb Rd1 Rd2. Koaddunment nenenus storo
JeNIUTeNs BBIOpaH TakKuM, YTOOBI H3MEHEHHE KO/1a
ynpasnenus LIAII2 Ha enuHuIy Muaamero pas-
psiia BBI3BIBAJIO U3MEHEHHE MOJIOKEeHUs paboueit
touku Ha mikone ALl (Berxomnoro koma ALLIT)
Ha eMHULlYy TUCKpeTHOCTH oTcuera ALIIL
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Puc. 1. ®yHKunoHAJIbHASA CXeMa UMIIEIAHCOMETPUYECKOT0 KaHAJIa.

ITATI2 ynpaBnseTcst KOHTPOUIEPOM MpUOopa,
KOTOPBIA, TAaKUM 00pa3oM, MOXKET MPOU3BOIUTH
M3BECTHOE CMELICHHE TMOJIOKEHUsl padbouel Tou-
ku Ha xapakrepuctuke Allll, a 3arem oneHuBarhb
IapaMeTpsl CIIy4alHOM COCTAaBIIAIOIIECH U3Mepsie-
Moro curHana. [Ipu 3ToM MOXKHO KiaccupuIupo-
BaTh XapakTep paclpeiesieHusl 3Ha4eHU, Momy-
gaeMbIx ¢ omotibio ALIIT oTcueToB u 3HaUEeHHE
UX JICTIEPCHUN.

JKCnepUMeHTAIbHbIE HCCIAe10BaAHUA (PYHK-
MU npeodpa3oBanusi. TUMUYHBINA XapakTep pas-
Opoca pe3ynsTaToB MpeoOpa3oBaHMs Ha y4yacTKe
XapaKTepUCTUKU pazmepoM okoio 200 ex. nuc-
KPETHOCTH, TMOJTy4YEHHBIH MPH UCCIIEIOBAHUN TPEX
obpasuoB ALIII, mokaszan Ha Puc. 2, a uameHenus
YCpEIHEHHBIX pe3ysbTaroB - Ha Puc. 3. /luarpam-
Ma MOoJIyueHa CKaHMPOBAaHMEM ATOTO ydacTKa ITy-
TEM CMeIeHHs paboueil TOUKU MOTYJISAIIMOHHBIM
ITAIT maramMu ¢ JUCKpETHOCTBIO OKoJo 1 en. oT-
cuerta ALIIL.

Puc. 2a. TunuyHblii XapakTep pa3dpoca pe3yJib-
TaTOB NPeodPa3oBaAHMS

100

50

-50

-100

-150 ' :

0 2000 4000 6000

Puc. 26. Tunu4HbIii pa3dopoc pe3yabTaTOB MPeod-
pa3oBaHusl, NOJTYy4YeHHbIIl MPU HCCJIeJOBAHUU TPeX
oopasuon AIIIL.

Paz06poc pe3ynpratoB B «HOpPMaJIbHOW» 00-
JacTU TOCJIEe OTCEUBAHMS «AHOMAJBbHBIX» €IH-
HUYHBIX BBIOPOCOB HOCHUT CIy4alHBIH LIyMOIIO-
NOOHBIN XapakTep ¢ aucnepcuei 10 + 4 en. B
«aHOMAJIbHOI» 30HE HAOIIOJAIOTCS CKayKu pe-
3yJABTAaTOB MEXKIY ABYMsI MaJIOM3MEHSIOLMMHUCS
3HaueHUsIMH ¢ pazHueit 1o 20 exa. [Ipu BeimonHe-
HUM U3MepeHui ykazanHas auddepeHunnanbHas
HEJIMHEHHOCTh MOXKET MPOSIBIIATHCS KaK JOXKHBIN
OTKJIMK, YTO UCKa)KaeT MOJIy4aeMblil pe3ybTar.
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Puc. 3. U3MmeHeHHMs yCpeIHEHHBIX pPe3yJbTATOB
npeodpa3oBaHmus.

Ha Puc. 4 cxemarnuecku M300pakeHO pac-
MPEAEIEHNE BEPOSTHOCTEM 3HAUYEHUM MOJy4Ya-
€MBIX OTCYETOB IpHU PACHOIOKEHUAX paboueit
TOYKM HAa «HOPMAJIbHOW» yYacTKE XapaKTepu-
CTUKH TIpeoOpa3oBaHUs U «aHOMAJILHOW» 00Ja-
CTH C IOBBILIEHHOM IJUCIEPCUEH IOJIy4aeMbIX
OTCYETOB. DTHU PACHpPEACIICHUs] COOTBETCTBYIOT
pe3ysibTaTaM HM3MEpPEHUN Ha YYacTKE XapakTe-
puctuku ALl xoTopbie cxemaTuyecku n3odpa-
xeHbl Ha Puc. 5. OOparuM BHUMaHME, YTO pac-
MIpeeJICHNE 3HAYEHUI MOJIy4aeMbIX OTCYETOB B
«aHOMAJIBHOI» 00JIACTH HE MEHSIETCSl Ha BCEM ee
MPOTSHKEHUHU, UYTO U OOBSICHSIET BO3ZHUKHOBEHHE
cneuupuueckoit auddepeHnnanbHON HeMuHeH-
Hoctu. Hammume nByx oGmacTeil pacmosiosKeHus
BEPOSATHBIX 3HAUEHUN OTCUETOB B «AHOMAJIBHOMN
30HE OOBSCHSET UX MOBBIIIEHHYIO JUCIEPCHIO, a
«HEIBIKUMOCTBY 3TUX o0OiacTeil B 3TOi 30HE -
XapaKTEepHYIO CTYyNEeHbKY Ha rpaduke, MpeacTaB-
neHsl Ha Puc. 3.

Puc. 4. Pacnpenesienne BeposiTHOCTeH 3Ha4Ye-
HM 110JIy4aeMBbIX 0TCYETOB.
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Puc. 5. Pe3yibTraTbl H3MepeHNIi HA y4acTKe Xapak-
Tepuctuku ALII B «<anoManbHOI» 00/1acTH.

Cnoco0Obl peaju3anuu npeajiaraeMoro mMe-
Toaa. Bo n3bexxaHue BIUSHUS HapyIIEHUH JH-
HEWHOCTH XapaKTEpPUCTUKH MpeoOpa3oBaHus B
«aHOMAJIbHBIX» 30HAaX Ha MOJIY4YaeMbI€ pe3yJib-
TaTbl, B IIPOLIECCE W3MEPEHUN IPOBOAUTHCS
ckaHupoBanue ¢ nomouipio [[AII2 HexoToporo
ydacTKa XapaKTepucTHKu rnpeodpazoBanus ALIL,
[0 YKa3aHHBIM MPU3HAKaM HaxoAATCs 30HBI IO-
BBIILIEHHOM JUCTepcuu, a 3areM pabodasi TOuka
YCTaHABIMBAETC HA «HOPMAJbHOM» Y4YaCTKe
XapaKTEPUCTUKU MEXAYy TaKUMU 30HaMH. 3Ha-
yeHue kona ynpasienusi [IAII2, cooTBeTcTBYIO-
1iee MpoBeIEHHOMY CMEILIeHHI0 paboyeil ToukH,
YUUTBIBaeTCSl IpU 00pabOTKE pe3ysIbTaTOB U3MeE-
penuii. CiienyeT OTMETUTh, YTO pa3Mep U pacrio-
JIO’KEHHUE «aHOMAJIBHBIX» 30H Ha XapaKTEPUCTUKE
npeodpazoBanus ALIl sBisrorcs pukcupoBan-
HbIMH, [OATOMY IOCI€ Hayanaa M3MEPEHHH J0-
CTaTOYHO OJJHOKPATHOTO CKaHUPOBaHHUs ee paldo-
4ero yvyacTtka. B nanpHeimem, npu M3MEHEHHSIX
U3MEpPSIEMBIX CUTHAJIOB B HEOONIBIINX Mpeaenax,
MOXHO OBICTPO CMelarh pabdodyr0 TOYKY MpU
BEPOSATHOCTH €ro IMONaJaHus Ha «aHOMAaJIbHBII
Y4acCTOK.

ANTOpuTM pacno3HaBaHMUs «AHOMAJILHOIO»
ydacTKa XapaKTEepUCTUKU IMpeoOpa3oBaHUs MO-
xKeT Oa3upoBaTbcsd Ha (PHUKCAIMH TPOSIBICHUS
crenn(UIecKoil AUCTIEPCUU OTCUYETOB C paciie-
IUICHUEeM (QYHKLIUU pacrlpenesieHus BeposTHO-
CTEW OTKJIOHEHUW MX 3HAUEHUH OT CPEIHET0 Ha
JIBA y4acTKa, pasHeceHHbIX Ha 10 — 15 enunun
JuckpetHocT. OHUM U3 IPU3HAKOB MOIAIaHUS
pabodyeil TOUKM Ha TaKOM y4acTOK MOXET ObITh
cymectBeHHoe Bo3pactanue (100% wu Ooinee)
cpenHeit pasHunbl AN, CMEXKHBIX OTCYETOB N,

n N,,, B BBIOOpDKE M3 N 3HAYCHUH T UX YCPea-

HeHus (onTumanbHO 8 — 16 oTcueroB). Ee 3Haue-
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HHUE MOXET OBITh HalJICHO U3 BBIPAXKECHUS:

i=n-1

z (Nm _Ni)

_ _i=l

AN,
Ci
n-1
a YCpEIHEHHbIN PE3yJIbTAT U3MEPEHUMN OmpeIes-
CTCA BBIpa)KeHI/IeMI i=n
2N
i=1

Nc=n

JInst yMEHbIIEHUs! BIUSIHUSL HAa Pe3yJbTarhl ycC-
PEAHEHNUS CKAYKOB 3HAYE€HUI OTCUETOB 11071 BIUSIHU-
€M OJMHOYHBIX MMITYJIbCHBIX MIOMEX U OTHEIbHBIX
(HEMHOTOYHMCIICHHBIX ) CKAYKOB Ha Kpasix «aHOMaJb-
HOTO» y4yacTKa XapaKTEepUCTHKH, LIeIeCO00pa3HO
UCKJIIOYaTh TaKHE OTCUETHI U3 YCPEIHSIEMBbIX JaH-
HBIX.

50

[Ipr3HaKoM Takoro «aHOMaJbHOI0)» OTCUETA MO-
KET ObITh 3HAUMTENbHOE (IPUMEPHO B 2 U Oosee
pasa) MOBBIIEHUE PA3HULIBI €T0 3HAUEHUSI CO 3Haue-
HUAMU CMEXHBIX OTc4eToB A, =N, —N, u
A, =N,—N,, 1o cpasHenuto ¢ AN_,. Onru-
MaJIbHOE MOPOrOBOE 3HAYEHUE YBEIMUEHHS A, TIO
cpaBHEHUIO ¢ AN ., MOXKET OIPEIEIATHCS IKCIIEPU-
MEHTaJIBHO U1 KOHKPETHOro yctpoiictBa. To ke
caMmoe KacaeTcsl JIOIMyCTUMOIO Yuclia CKaYKOB OT-
CYETOB B YCpeaHAEMOM BbIOOpKe. OpHUEHTHPOBOY-
HO, JUIl OTHECEHMs TaKOM BBIOOPKH K «aHOMAJlb-
HOW» UX A0 A0oJbkHA npeBbiarsb 20 — 30%.

Pe3ynbrarhl 3KCHEpUMEHTAIBHBIX HCCIIEN0BA-
HUW pacrpenesieHrs BepOsSTHOCTEN 3HAaYEHHU OT-
CUETOB JUIsl 3 TOUEK HA «HOPMAJIbHBIX» U «aHO-
MaJIbHBIX» yYacTKaX XapaKTEpPUCTHKH MPeodpazo-

Banus ALl MAX-132 npeacrasnens! Ha Puc. 6.

_50 Y _I1 . -
100 . | . | T ———0
1000 2000 3000 4000 5000 6000
a)
0 0.3
0.2
-5
0.1
-10 0
0 10 20 30 40  -15 -10 5 0 5
B) B)
-30 0.2
.35
0.1
-40
-45 0
0 10 20 30 40  -50 .45 -40 -35 -30 .25
r) a)
-30 0.1
-40 0.05
-50 0
0 10 20 30 40 -55 50 -45 40  -35  -30 -25  -20
e) H)

Puc. 6. Pacnipenenenusi BeposiTHOCTEl 3HAYeHU I 0TCYETOB /151 3 TOUEK HA KHOPMAJIbHBIX» U «AHOMAJILHBIX»
Y4ACTKAX XapPaKTePUCTUKHU MPeodpa3oBaHus.
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Ha pucynkax 60, 61, 6e n300paskeHbl BpEeMEHHBIE
JMarpaMMbl IOJIy4E€HHBIX BEIOOPOK (38 oTCueToB),
COOTBETCTBYIOILIME y4yacTKaM, OTMEUEHHBIM Ha
Puc. 6a. Ha pucynkax 6B, 611, 6k COOTBETCTBEHHO
BPEMEHHBIM JlMarpaMMaM H300pa’keHo pacripese-
JIEHUE BEpPOSTHOCTEH MOJyyaeMbIX 3HAYeHUil OT-
cuetoB. B TaOmuue 1 npusenens! 3HaueHuss AN,
Ha yKa3aHHbIX yYacTKax.

IIpu ananmm3e pe3ysibTaTOB ATUX HCCIIEAOBaA-
HUI 0COOBI HMHTEpeC MPEACTaBISIOT KpaeBbIe
30HBl «aHOMAJIBHOTO» y4YacTKa XapaKTepUCTUKU
npeoOpaszoBanusi (yyacTok I, puc. 6r,e). B Hux
AN, MOXET U3MEHATHCS B IIUPOKUX Ipeeiax.
Br160p moporosoro 3HayeHust AN, 175 KIaccu-
buKanMy MoJoKeHUs: pabodell TOUKM Ha «aHO-
MaJbHOM)» y4aCTKE MOXET ONPEAENAThCS DKCIIe-
PUMEHTAJIBHO /17151 KOHKPETHOTO YCTPOMCTRA.

Tabmuna 1
Tabanua 3HavyeHuii cpeaned pasnuubl AN,
cmeskHbIX orcyeroB N u N.

Ne tuk 1 2 3

2,0541 5,3421 6,08

AN,

B xone uccnenoBanuii paccMaTpuBaeMon mpo-
O1eMbl IPEAJIOKEH elle OAMH, MOIYJISALUOHHBIN
METOJl YMEHBIIEHUS BIUSHUS ClEeHUPUIECKON
nuddepeHIMaTbHON HETMHEHHOCTH HAa TOYHOCTD
n3MepeHuil. Ero cyTh 3akitoqaercs B HEPEPHIB-
HOM CTyIE€HYaTONd MOAYJISLUU U3MEPUTEIBHOIO
cUrHaja B “+” u B “—*° oTHOCUTENbHO paboueit
TOYKM Ha PaBHbIC BEJIMYMHBI, HECKOJIBKO OOJIb-
1IMe, YeM LIMPHUHA 30HbI MOBBILLIEHHOW AMCIIEp-
cun. [locne ycpeanenus HeoOXoqUMOro AJis TO-
JIaBJICHHs IIIyMOB 4MCJIa OTCYETOB HA KaXI0H U3
CTYIIEHEW MOZYJISILUU, HEKOTOpPhIE U3 CTyIEHEH
HOJIY4YEHHOIO OLM(POBAHHOIO OTKJIMKA, OKa3bl-
BAIOTCSl MCKa)KEHHBIMH OTHOCHUTENIBHO (HOpMBI
HCXOHOTO MOoAyJIMpyroniero curnania. Iomyden-
HbI€ OTKJIMKHM Ha BECh LIUKJI MOIYJISALMHA KIIACCH-
¢bumpyrotTcs (pacrno3HarTCs ) [0 3TOMY MPHU3HA-
Ky. Takum 00pa3om, rmosyyaeTcss MaCCHB JJaHHBIX
JUIl YyCPEHEHUs pe3y/ibTaToB IIpeoOpa3oBaHus, B
KOTOPOM HM3BECTHO, KAKHE JaHHbIE HEJOCTOBEp-
Hbl. OHH MOTYT OBITh HCKJIIOYEHBI U3 YCPEIHSse-
MBIX PE3YJIbTAaTOB MM 3aMEHEHBI TaHHBIMH, I10-
JYYEHHBIMU HMHTEPIOJSAHMEN (IPKCTpanoisuueii)
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M0 pe3yapTaraMm MpeoOpa3oBaHU HA CMEKHBIX
CTYIEHSIX MOAYJIUPYIOLIET0 CUTHAJIA.

O0paboTka MOIYITHPOBAHHOTO HH(OPMATUB-
HOTO CHTHaJIa TIPOMCXOJIUT B PEKUME PEaTbHOTO
BPEMEHH U HE yBEIMYUBAET 0OIEro BpeMeH! Ha-
KOILJICHUS JJAHHBIX, HEOOXOAMMOTO JIJIsl JOCTATOU-
HOT'O MOJABJICHHS IITYMOBBIX MoMeX. Bo3MoxkHbIE
BapUaAHThI OTKJIMKOB MPU 3-X CTYNEHYATON MOLY-
JSLMM TTpeAcTaBiieHbl Ha Puc. 7. Huke npusene-
Hbl MaTE€MaTUYECKUE BBIPAKEHUS, MO3BOJISIOIINE
KJIacCU(UIIUPOBATH HX.

he=hy  hy+A

TRy

h=A

H 1 2 3

Puc. 7. Bo3Mo:XHbIe BADHAHTHI OTKJIMKOB NPHU 3-X
CTYNEeHYATOoH MOAYJISILHH.

[Ipu sKcTIepUMEHTATBHBIX UCCIICIOBAHUIX Pa3-
pabOTaHHOTO KaHala BEIMYUHA MOIYJISIIMOHHOTO
mara ObiTa BEIOpaHa Tak, 9YTOOBI OTKIIMK HA HETO
6bu1 paBeH 20 en. orcuera AL Ilpu Takoit ero
BEJIMYMHE CBOJUTCA K MHHHUMYMY BEpPOATHOCTH
WCKaKCHUS 2-X CTYNEHEH B MOAYIALMOHHOM ITH-
kie. Ha ¢parmenre “H” nmarpamMmbl mokaszaH
“HOpPMasbHBIM LMK, KOIZA BCE 3HAYECHUS MO-
JYJIMPOBAaHHOTO CHUTHAja pacloyIaraloTcsi MEXITY
30HaMHM MOBBILLICEHHON qucnepcuu. B aTom ciryyae
BEJIMYMHBI OTKJIMKOB Ha MOIYJSIIIMOHHBIN IIar
(h1 m h2) npumepHO OIMHAKOBHI (Pa3HUIIA MEKITY
HUMH MEHBIIIE YCTaHOBJIEHHOTO MOPOrOBOTO 3Ha-
ueHus A ), a uX cymma OmsKa (C MOrpenHOCThIO
He 6onee A ) k 40 enununam orcuera ALIT (hn).
Ha ¢parmentax muarpammel 1 — 3 u300pakeHbI
Cllyuyau UCKa)K€HHsI BEpXHEW, HIDKHEH Wiu cpel-
Hel cryneneit. Ha ¢pparmenTax 4a u 40 moka3zaHbl
MaJIOBEPOSITHBIE CITy4an (BO3MOKHBIE TIPH TTOBBI-
IIEHHOM YpOBHE TOMEX), KOTJa HMCKaXXeHbI 00e
KpaiiHue cTyneHu: ogHa B “+”, npyras B “-“. Xa-
pakrep cnenuduueckoit nuddepeHmanibHON He-
JMHEHHOCTH JIOMyCKAeT TOJIbKO TAaKUe BapUAHTHI.

3amada pacrio3HaBaHMsl BHJA OTKJIMKA pellia-
€TCsl IPOBEPKOM BBIMOIHEHHS CIIEIYIOIUX Hepa-
BEHCTB (/151 BAPUAHTOB OTKJIMKOB Ha Puc. 7):

H: |h1- h2| <A w |h1+h2-40] <A ;
1w 2: | hl-h2 [ >A n [h1+h2-40[ > A ;



Sensor Electronics and Microsystem Technologies 2016 —T. 13, Ne 3

1: [h1-20] <A u [h2 -20] >A ;
2: |h1-20| >A_u [h2 -20] <A ;
3:|h1-h2[ >A_ u [h1+h2-40 <A ;
4:|h1-h2| >A u [h1+h2-40[ <A .

Kak BuauM, npuBeneHHbIE KPUTEPUU HE MO-
3BOJISIIOT OTIMYUTH MEXKLy COOO0M OTKIIMKH BUJIOB
3 u 4. Uto6s! ux nuddepeHnupoBaTb HEOOX0AU-
MO, HCIIONIb30BaTh HMMEIOIIYIOCS HH(OPMAIUIO
o nucrniepcuu ycpennsembix orcuetoB AL mms
cpeaned crynend. [ns Buaa otknuka 3”7 sra
JIACTIepCHsl TOBBIIIEHA, MO3TOMY CpeIHEee 3Ha-
YEeHHE OTCYETOB 3a IIUKIJI OepeTcs Mo IByM Kpaii-
HUM cTyneHsMm. [ns orknuka Buma 4 3a cpen-
HUW pe3yibTar IUKJIa MNPUHUMAETCS 3HAUYCHUE
CUTHajla Ha cpeAaHed cryneHu. B mocinegnem
cllydae HMMEET MECTO HeOOJjbIloe BO3pacTaHHE
CIIy4ailHOM MOTrPELIHOCTH, 332 CYET YMEHbILIECHUS
qyclla YCPEAHEHHBIX pe3yjibTaToB, YTO, OJHa-
KO CYIIECTBEHHO MEHbIIE IOIPEIIHOCTH H3-3a
muddepeHIMaIbHON HeMHEHHOCTH. B ciryyasix
OTKJIMKOB 1 M 2 cpelnHee 3Hau€HUE CHUTHaja 3a
LUKJI ONPENENSIeTC YCPEAHEHUEM [aHHBIX Ha
CTYIIEHSX, MKy KOTOPBIMH pa3HHIIA OJH3Ka K
20, ¥ SKCTPAINOJIMPOBAHHOTO CPEAHETO 3HAUYCHUS
CUTHAQJIa HA MCKa)XCHHOW CTYINEHH. 31eCh Ipel-
CTaBJICH IIPOCTEUIINN aJITOPUTM PACIIO3HABAHUSA.
B peanpHO#l mporpamMme OH JOJIKEH OBITH He-
CKOJIBKO CJIOXHEE, TaK KaK I0Jl BIMSIHUEM IOMEX
WK OBICTPBIX U3MEHEHUH HH(POPMATUBHOTO CUT-
Haja MOTYT MPOAYLUPOBATHCS TOMOIHUTEIbHbIE
KOMOUWHAIIMH BBICOT CTYNEHEK OTKIUKOB. Takue
pe3yJIbTaThl MOTYT OBITh MCKIIIOYEHBI KaK «aHO-
MaJIbHBIE» WM 00pabOoTaHbI IO 0OJIee «YMHBIMY
aJIrOpUuTMaM, B YaCTHOCTH, C LENbIO YIyUYlIECHUS
IUHAMHUYECKHUX CBOMCTB KaHaJA.

MonynsimuOHHBIA METOJ, XOPOIIO TOAXOIUT
U Il YCTPaHEHMsI NTOTPEIIHOCTEN, CBA3aHHBIX C
BJIMSIHUEM HEJIMHEHHOCTH OCHOBHOI'O YpaBHOBE-
muBatomero anemenTa mocta (LIAITl Ha Puc.1)
IIPY UCHOJIb30BAaHUM KOMOMHUPOBAHHOTO METO/IA
u3Mepenus [1]. B atom ciayuae momynupyrorcs
COCTOSIHMSI MJIAJIIIINX Pa3psI0B KoAa yIpaBiIeHUs
storo LIAII DxcnepumeHTaaIbHbIE UCCIIEI0BAHUS
MOKa3ajM, YTO OLEHKA JIMHEHHOCTH XapaKTepH-
ctuku 12-paspsaaoro [{AIT MoxeT OBITH BBITION-
HEHa C MOTPEIIHOCThI0 He Ooree 5% OT quCKpeT-
HOCTH YPaBHOBELIMBAaHUS MOCTa €ro MJaAIINM
paspszom.

Pe3yabTaTbl METPOJIOrH4eCKHUX HCCIIEI0BA-
Hui. /{1 oueHkn 3 (EeKTUBHOCTU MPENTIOKEH-
HBIX TEXHUYECKHUX PELICHUH ObUl HM3TOTOBJICH
9KCIIEPUMEHTAIbHBIN 00pa3er nMIeJaHCOMETPH-
YECKOro KaHasa no cxeme Ha Puc. 1 ¢ ucnons3o-
BanneM ALl MAX-132 u npoBeneHsl uccieao-
BaHUS €r0 XapaKTePUCTHKHU MPeoOpa3oBaHus BO
BCEM paboyeM Juana3zoHe U3MepeHHsl (3HaueHus
BBIXOJIHBIX KO7I0B NXx oT —260000 m0 +260000).
Hcnonp3oBaics meton 3-CTyneHYaTol MOIyIs-
uuu. CKaHHpOBAaHUE XAPAKTEPUCTUKH MPOU3BO-
TUIOCh U3MEHEHUEM O00beKTa M3MepeHHs (Ipe-
LIU3MOHHBIE PE3UCTOPBI C COIPOTUBIIEHUEM OT 7,5
kKOwm 10100 kOMm) 1 Kof1a yrpaBiieHUsI OCHOBHBIM
ypaBHoBeuBaommm anementom (LIAIIT). Hlar
CKaHUPOBAHUS COCTABIUI 15 eANMHMIL TUCKPETHO-
ctu. B mponecce ckaHMpOBaHUS OINPENEISIUCH
M3MEHEHUSl Pa3HULbl YCPEIHEHHBIX OTCUETOB
P BKJIFOYEHHOM M [P BBIKIIIOUEHHOM CTapIleM
paspsne LIAIIl, yuem obecrieunBangach UACHTHY-
HOCTb TECTOBBIX BO3JAEHUCTBUN C OTHOCUTEIBHOU
MOTperHOCThI0 He Xxyxe 107°. CoyuaifHas mo-
rpemHocTh He npesbimana 0,5 en. TUCKpeTHO-
ctu. CpenHee 3HaYeHNE YKa3aHHOW pa3HUILIBI CO-
ctaBisuio 121207 equHUI TUCKPETHOCTH, MAKCH-
MaJbHbI€ OTKJIOHEHUSI HE MPEBBILAIN 5 €IUHULL
(cm. Puc. 8). IlpeacraBneHHBI HA YKa3aHHOM
PUCYHKE BOJHOOOPA3HBIN XapaKkTep HU3MEHEHMI
BEJIMYMHBl OTKJIMKOB Ha BapHAalMIO CTaplie-
ro paspsaa LIAII coxpansics Bo BceM pabouem
muanazone ALl Takum oOpa3oM, npuBeaeHHAs
K MOJIHOM IIKaJie MOTPEIIHOCTh OT auddepeHIu-
anpHOM HenmuHelHocTu He npesbimana 0,001%,
YTO NPUMEPHO B 4 — 5 pa3 MeHble TuddepeHim-
aNTbHON HEMMHEHHOCTH 0€3 MPUMEHEHUS MPEAIIO-
*KeHHoro metoaa. Octasmasics auddepeHuanb-
Hasi HEJIMHEHHOCTH B BU/IE BOJTHOOOPA3HBIX BapH-
aluil ¢ aMIUIUTYION OKOJIO 5 M MEPUOJIOM OKOJIO
500 equHUI AUCKPETHOCTH KA (OHA OCTASTCS
TaKOBOHM BO BCEM JUanazoHe U3MEpPEHUs) 00bsiC-
HSIETCSI OTMEUYEHHOW BBILIE HEIOCTATOYHON «HH-
TEJUIEKTYyaJIbHOCTBI0» MCIOJIb30BAHHOIO METOAA.
OHa MOXeT ObITh YNIydllleHa IyTeM OMUCAHHOTO
BBIIIE aHAJIM3a XapakTepa AUCIEPCHH Pe3yibTa-
TOB npeodpazosanus ALIL
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Puc. 8. XapakTep nsMmeHeHuii BeJJMYUHbI OTKJIMKOB HA Bapuanuio crapmum paspsiaom LIAIL

BeiBonabl. IlpemnoxeHsl HMHTENIEKTyaJIbHbIE
METO/bl Paclo3HABAHUS YYacTKOB IuddepeH -
aJbHOM HEJTMHEWHOCTH Ha XapaKTePUCTHKAX Mpe-
00pa30BaHUs BBICOKOUYBCTBUTENBHBIX H3MEpPHU-
TeJel mapaMeTpoB UMMUTAHCA C UCIIOJIb30BaHU-
€M MOCTOBBIX CXEM W MHOTOpa3psAIHBIX «multi-
slope» ALII mytem kanuOpOBaHHOW MOMYISLIUN
WH(OPMATHBHBIX CHTHAJIOB Ha BBIXOJEC MOCTa
nononHuTenbHBIM LIAIl m ounenku aucnepcuun
MONy4yaeMbIX pe3ynbratoB. PaspaboraHHbie Me-
TONIbI 00paOOTKU ATUX PE3YIbTATOB U COOTBET-
CTBYIOIIAsl KOPPEKLIHs 00eCIeunBalOT CHUYKEHNE
HEJTMHEWHOCTH TMpeoOpa3oBaHMsl CHUTHAIOB 0
ypoBHs 0,001% ¥ OTHOCUTEIHHOM MOTPEIIHOCTH
UX M3MepeHus B JekaaHoM auanaszone ;10 0,01%.
JTO0, B CBOIO OYEPEb, MO3BOJISIET CKOPPEKTUPO-
BaTh HeJWHEHHOCTHL ocHoBHOro LIAII mocra u
CHU3HTH IOJIHYIO OTHOCUTENIbHYIO MOIPEIIHOCTh
MIPOCTBIX U HEJAOPOTUX U3MEPUTEIIECH TapaMETPOB
uMMHTaHca 10 ypoBHsa He Oomee 0,01%. Obmas
pa3psAHOCTh MpeoOpa3oBaHUsI U3MEPHUTENHLHOTO
KaHaja MOXET JOCTUrarb 24 NBOMYHBIX pas3psi-
JIOB.
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INCREASING OF LINEARITY OF THE HIGHLY SENSITIVE
IMPEDANCE-MEASURING SYSTEMS WITH SENSORS
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Summary

The article is devoted to development the principles of construction of the measurement channels
of the systems with impedance sensors that combine high sensitivity, wide measuring range, accuracy
and high speed. To do this, used the combination of the methods of measurement with rapid, low-
discrete, and with slow, high-discrete, converting by comparing of measured and standard signals,
which are implemented using the AC bridges and integrating ADC with variable discharge rate. In
such devices, on certain levels of signals, some instability of readings may occur due to exposure
to noise at the low-discrete comparison. This leads to the presence on the conversion characteristic
of the channel of evenly spaced narrow zones with abnormally elevated dispersion of results. Such
dispersion is the cause of emergence in these areas of the peculiar differential nonlinearity under
averaging the data obtained. The possibilities of eliminating the impact of such circumstances on the
accuracy of the measuring channel are discussed in the article. The proposed methods of detection of
instability zones are based on the analysis of the form of responses on the stepped form modulation
of the measurement signals in the bridge circuit, and the probability distribution of the obtained data
values.

Criteria for such analysis, articulated in the article, allow doing it in real time, simultaneously
with averaging of the results of measurement and with another data processing. The principles of
construction ofthe measurement channel described in this work allow realize the intelligent measurement
algorithms, significantly improve resolution and reduce the error of the instrument without noticeable
loss of performance. The article presents experimental data, confirming the possibility reducing of
the non-linearity of the sensor signal conversion to the level of 0.001% and the relative error of
measurement in the ten-fold range of the results change to 0.01%.

Keywords: AC Bridge, characteristic of conversion, nonlinearity, the integrating ADC
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Pedepar

Crarts mpucBsYeHa pPO3pOOII MPUHIUMIB MOOYIOBH BHUMIPIOBAJBPHUX KaHAIIB CHCTEM 3
IMITETAaHCHUMH CEHCOPAMH, SIK1 MOEHYIOTh BUCOKY Uy TJIMBICTh, IIUPOKUH /11alla30H BUMIPY, TOUYHICTh
1 BUCOKY MIBHAKO/IO. J[JI51 IbOTO 3aCTOCOBYIOTHCSI KOMOIHOBaHI METOAM BUMIPIOBAHHS 31 IIBUAKUM,
HU3BKO JIUCKPETHUM, 1 MOBUIBHUM, BUCOKO AMCKPETHUM, MTOPIBHSHHIM BUMIPIOBAHOTO 1 3pa3KOBOTO
CUTHAJIIB, SIKI Peaji3yloThCsl 3 BUKOPUCTAHHSIM MOCTIB 3MiHHOTO CcTpyMmy Ta iHTerpyrounx ALIIT 31
3MIHHOIO IIBUJKICTIO pO3psiay. B Takux npuiiagax Ha MeBHUX PIBHAX CUTHAIIB MOYKE BUHMKATH JIesIKa
HECTIMKICTD iX MEPEeTBOPEHHS Yepe3 BIUIMB IIyMiB MPH HU3BKO JAUCKPETHOMY mopiBHsAHHI. Lle npu-
3BOJIUTH /IO HASIBHOCTI HA XapaKTEPUCTHIII IEPETBOPEHHS KaHATY PIBHOMIPHO PO3IOAUICHUX BY3bKHX
30H 3 aHOMAJIbHO ITiJIBUIICHOIO JAMUCIIEPCIEI0 OJepKYBaHUX pe3ynbrariB. Taka mucnepcis € npuyu-
HOIO BUHUKHEHHS B IIUX 30HAX CrenudiqHol qudepeHiaibHol HeMiHIHHOCTI IPU YCepeaHEeHH] OT-
PUMaHMX JaHUX. Y CTaTTI PO3MISIAIOTHCA MOXIIMBOCTI YCYHEHHS BIUIMBY TaKUX SIBUI HAa TOYHICTh
BUMIPIOBAJILHOTO KaHally. 3alpOIIOHOBAaHI METOAM PO3IMi3HABAHHS 30H HECTIMKOCTI 3aCHOBaHI Ha
aHau1i31 (opMHU BIATYKIB Ha CTYHIHYACTy MOAYJALIIO BUMIPIOBAJIBHOIO CUTHAJIY B MOCTOBOMY KOII
1 Xapakrepy po3noiiay HMOBIPHOCTEH 3HaYeHb ONEpKyBaHUX AaHMX. Kpurepii 1uist Takoro aHaumisy,
chopMyIbOBaHI B CTaTTi, JO3BOJSAIOTH MPOBOIAMTU HOr0 B peajbHOMY 4aci, OJHOYACHO 3 ycepen-
HEHHSM pe3yJIbTaTiB BUMIPIOBAJIbHUX MEPETBOPEHb 1 1HIIOK 00poOKkoto naHux. [lpunnunu nodyno-
BU IMIIEIAHCOMETPUYHOTO KaHay, sIKi OMKCaHi B POOOTI, 103BOJIIOTh peai3yBaTH 1HTENEKTYyaabH1
QITOPUTMH BHMIPIOBaHb, ICTOTHO MiABHIIUTH PO3PI3HIOBAJbHY 3AaTHICTh 1 3HU3UTH TOXUOKH
npuiIaiB 6€3 MOMITHOTO 3HM)KEHHS 1X MIBUIKO/II. Y CTaTTi HABOAATHCS €KCIIEPUMEHTANIbHI JAaHi, 110
MiATBEP/HKYIOTh MOKIIMBICTh 3HMKCHHSI HENIHIMHOCTI MEPEeTBOPEHHSI CUTHATIB CEHCOPIB IO PIBHS
0,001% 1 BimHOCHOT TOXMOKH iX BUMIPIOBAHHS B JIeKaIHOMY jiara3oHi 3MiH 10 0,01%.

Ki1r04oBi ¢j10Ba: MiCT 3MIHHOTO CTPyMY, XapaKTEPUCTHKA IEPETBOPEHHS, HENTHIMHICTS, iHTerpyroui AL
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