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YNCNEHHbIA METO[N OBPABOTKU PE3YJIbTATOB
ANHAMWYECKUX USMEPEHUU

A4.4. Anapos, A.Jl. lllecmakos
HOxHo-Ypanbckul eocydapcmeeHHbil yHuUsepcumem, 2. HensbuHck, Poccus

[Ipobrema 00pabOTKK MAaHHBIX, MONYYSHHBIX IPU TUHAMAYCCKUX M3MEPCHUSAX — OJHA U3 LICH-
TPaNBHBIX MPOOIIeM B u3MepuTensHON TexHuKe. Lleap mccaenoBanus. CtaThs MOCBSIIEHA HCCIC-
JIOBaHUIO YCTOMUYMBOCTH METOJA PEIICHUS 3a7a4i 00pabOTKU Pe3ybTaATOB JHHAMUYCCKUAX U3MEpe-
HUW OTHOCHUTENFHO MOTPEIIHOCTH B UCXOJHBIX JaHHBIX. [losTOMY akTyanbHOW 3amadeil sBiseTcs
pa3paboTka anropuTMaMu 00pabOTKH Pe3yNIbTATOB TUHAMUYCCKUX W3MEpeHuil. MaTepuaibl U Me-
ToAbL. B 3TOl cTaThe mpemiaraeTcs anropuTM OOpaOOTKU MAHHBIX, MMOMYYCHHBIX MPH JHHAMUYC-
CKHX M3MEPEHUSAX Ha OCHOBE KOHEUHO-PA3HOCTHOTO Moaxoja. OCHOBHBIE MPEANOCHUIKH MaTeMaTH-
YeCKOW MOJENM 3aJayd AUHAMUYECKHX H3MEPEHHUH, CBA3aHHOI C IpolieccaMd BOCCTAHOBJICHUS
BXOJHOTO CHTHajla B YCJIOBHSX HETONHBIX M 3aIIyMIICHHBIX MCXOTHBIX MAHHBIX, 3aKITIOYAIOTCS B
cnenyromieM. V3HagampHO W3BecTHA (DYHKIHS 3aIIyMIJICHHOTO BBIXOJHOTO CHTHaja. BoccTaHOBIE-
HHE BXOJHOTO CHTHAaJa OCYIIECTBIISICTCA C IMOMOINBI0 MepenaTtoyHod (yHKimm matymka. [lepena-
TouHas (PYHKIUS JaTYUKa MPEICTaBIIeHa B BuAC MUPQEepeHIINATIHLHOTO YpaBHEHUI. JTO ypaBHCHUE
ONHCHIBACT COCTOSIHHE JIMHAMHYECKOW CHCTEMBI B pPealbHOM BpeMeHH. [IpemmaraeMasi BBIYHCITH-
TeJNbHAs CXeMa METO/Ia OCHOBaHA HA KOHCYHO-PA3HOCTHBIX aHAJOTraxX YacTHBIX MPOU3BOIHBIX U Me-
ToJa peryispusanud no TUXOHOBY Oblla MOCTPOEHA YHMCICHHAs MOJEb AaTuuka. [Ipobiema yc-
TOMYUBOCTH MeTO/a pelieHus AuddepeHIInanibHbIX ypaBHECHUH BHICOKOTO MOPSIIKA TAKXKE SBISICTCS
OJIHOW M3 IICHTPAJIbHBIX MPOOJIeM 00paOOTKU JaHHBIX B CUCTEMax aBTOMATHYCCKOTO YIIPABIICHHSL.
OCHOBBIBAsICh Ha MOAX0JIC 0OOOIICHHOTO KBAa3UONITHMAIBHOI'O BRIOOpA MapaMeTpa Perysisipu3aliiy B
Metojic JlaBpeHTheBa, ObLTa HaiifieHa 3aBUCHMOCTH MapaMeTpa PeryJispU3aliy, napaMeTpOB JHHA-
MUYECKOH M3MEPUTENHHON CUCTEMBI, TIOKa3aTeieM IiyMa 1 HeOOXOAUMBIM YpoBHEM TouHOCTH. Ilosry-
YeHHbIe pe3yJbTaThbl. OCHOBHOW IENBI0 BEIYUCIUTEIHHOTO SKCIIEPUMEHTa OBUIO IMIOCTPOCHHUE UIHC-
JICHHOTO pEIIeHUs paccMaTpuBaeMoi 3amaun. CTaHIapTHBIE TECTOBBIE (DYHKIMH paccMaTpUBAINCH
KaK BXOJHBIC CHTHAJbl. B KadecTBe BXOJHOTO CHTHala, MOAABAJNCh TECTOBHIC CHTHAIBI, MOJICIH-
pyrolIye pazamdHble (pU3nIecKue mporecchl. beira HalieHa QpyHKIWs BEIXOHOTO CHTHAJA C TIOMO-
IIpI0 TIPEJIOKEHHOTO YHCICHHOTO METOJa, HaiiieHHass (QyHKIus Oblua 3amrymicHa aJaTdTHBHBIM
mymoMm B 5 %. 3akiaouenne. [To 3amymieHHOMY CUrHainy ObII BOCCTAHOBJICH BXOJHOHM CHTHAJ.
OTKIIOHEHHE BOCCTAHOBJICHHOTO CHTHAIa OT MCXOAHOTO BO BCEX AKCIIEPHMEHTaX COCTaBHIIO He 00-
nee 0,05, 9To roBOpUT 00 YCTOWYMBOCTH JAHHOTO METOJIa OTHOCUTENHHO 3alTyMJICHHBIX JIaHHBIX.

Kniouesvie cnosa: ounamuyeckue usmepenusl, KOHEYHO-PA3ZHOCMHASL CXeMd, Memoobl pe2yaapu-
sayuu, QYHKYus nepeoavu, aieopummvl 00pabomKu OAHHbIX OUHAMUYECKUX USMepeHUl, uzmepu-
menbHble CUCEMbL, YUCTIeHHbIN MemoOo.

Beenenne

B nponuiom BoccTaHOBIIEHHE 3aIIyMJICHHOIO CUTHANA B AMHAMHUYECKUX M3MEPEHUSIX OCYIIECTBIIS-
JI0Ch TIpU TIoMoInu obpaTHOTO TpeodpazoBanus dypee [1-6]. Ho, k coxkaneHuto, Takoil OJX0d aeT
TOJILKO TOYEYHYI0 OIEHKY JUHAMHYECKOW IMOTPENIHOCTH M TPUBOJUT K 3(dekTy «HakoruieHus mo-
IPEIHOCTHY, 17151 O0pBOBI ¢ 3TUM 3 PeKTOM TpeOyeTcss BHOCUTh M3MEHEHHUS! B MapaMeTphbl CUCTEMBI,
myTeM J00aBJIeHHs JOMOJIHUTENBHBIX (QUIBTPOB.

B nacrosimiee Bpemst 3aa4a aHaigu3a U KOPPEKIIUN AMHAMUYECKON MOTPEITHOCTA METOJIaMHU CTPYK-
TYpHOH TEOPHH aBTOMAaTHYECKOTO YIPaBJICHUS MpHBefeHa B paborax [7—13], Taxxke psii METOJIOB pac-
cMaTpuBaics B pabdorax [14-17].

Taxoke CTOMT OTMETUTbH, YTO B MPEALIECTBYIOUIMX padoTax MpeAsioxKEeHHbIE METObl paccMaTpUBa-
JIUCH JIMIIG JUIA OJHOTO THIIA CUTHAJIOB, TIPH 3TOM B T€X CIIy4asx, KOT/Ia CUTHAI UMEN «HECTaHAAPTHBIIN
XapakTep, OH anmpoOKCUMHPOBAJICS Pa3HOCTHBIM aHAJIOTOM 03 ydeTa BIUSHHS MOIPEIIHOCTH B HCXO[-
HBIX JaHHBIX. YTO B CBOIO OYepelb TAKKE MPUBOAUT K d3PPEKTY «HAKOIUIEHHUS TOTPELIHOCTI.

YuuteiBas cKa3aHHOE, ABISETCS aKTyaJdbHOW 3ajada pa3pabOTKH aJropuTMOB O0paOOTKH JaHHBIX
JMHAMHYECKUX HU3MEPEHUH B YCIOBUSX 3allyMJIGHHBIX HCXOJIHBIX JAaHHBIX. [IpH 3TOM IOJyYeHHBIN
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ITOPUTM JOJDKEH INPUMEHATHCS K Pa3JIMYHBIM TUIIAM CUI'HAJIOB. Y CIELIHOE PELICHUE 3TOH 3a1adH I10-
3BOJIUTH MOBBICUTH TOYHOCTh U3MEPEHUI U YACLIEBUTH CaM MPOLECC U3MEPEHH 3a CUET 0TKa3a OT JI0-
MOJTHUTENLHOTO 000pyaoBaHus ((UIBTPOB), YTO B CBOIO OUEPEAb MOMOXKET CIIPABUTHCS C dPHEKTOM
«HAKOIUJICHUS IIOTPELTHOCTHY.

1. ITocTaHoBKA 3a1a4H

B nanHoit pabote mpeanaraeTcs alroput™M 00pabOTKH JAHHBIX, TOTYYEHHBIX MPU JMHAMUYECKHX
U3MEPEHHSIX, HA OCHOBE KOHEYHO-Pa3HOCTHOTO MOIXO0/1A.

OCHOBHBIEC TIPEAMIOCHUIKA MaTEMAaTUYECKOM MOJICIH 33]1a4i JUHAMHUUECKUX M3MEPEHUH, CBSI3aHHOM C
MPOIIECCAMH BOCCTAHOBJICHHSI BXOJHOTO CUTHAJIA B YCIIOBHUSIX HETIOJHBIX U 3aIIyMIJICHHBIX HCXOJHBIX JaH-
HBIX, 3aKJTIOYAIOTCS B clieytonieM. M3HauansHO u3BecTHa (PYHKIUS 3alllyMJIICHHOTO BBIXOJIHOTO CUTHAIA.
BoccraHoBieHHE BXOTHOTO CUTHAJIA OCYIIECTBISIETCS C TIOMOIIBIO TIEPEaTOUYHON (PYHKIMY JaTYHKA,

B kauecTBe MoneIM U3MEPHUTEIBHON CHCTEMBI UCIIOIB30BaIach MOJICIb C MOAAJILHBIM YITPABJICHU-
em A.JL llecrakoBa (puc. 1). B xadectBe mepemaTtodHoil (HYHKIIMH H3MEPUTENEHOW CHCTEMBI B3SUTH

GyHKIHMIO KOIe6aTeaLHOrO 3B€Ha, 3aMMCAHHYI0 B BUIE
1
Wi(p) = T2p2+2&Tp+1’ @

rae T — moctosiHHas BpeMeHH; & — KoahGUIMEeHT qeMIpUPOBaHIS; p — KOMIUIEKCHAs TIepeMeHHasl.

- au_k--(r} UL{")
by Model sensor

.
-
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a-k, (1)
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Puc. 1. Mogenb namepuTtenbHON CUCTEMbI
Fig. 1. Model of the measuring system

[epenaTounyro (GYHKIHUIO 3alUIIeM B BHJE JMHEHHOrO qu(PepeHInaIbHOr0 ypaBHEH s BTOPOTO
HOpsIKA:
azy() , 2§dy® | y@® _
acz toa T2 T v, )
y(t) — BoixoaHO# curnan qarunka; U(t) — BXOJHO#M H3MepsSeMblii CHTHAIL.

Hauanbnbie ycnoBusa paccMaTpuBaeMoM 3a/1aud UMEIOT BUJL:
y(0) =0, 7=>0. 3)

2. BolunciureabHas cxeMa MeToaa

OCHOBBIBasICh Ha KOHCYHO-Pa3HOCTHBIX aHaJIorax 4aCTHBIX IMPOU3BOAHBIX Y METOAA PETYIIAPU3AIINU 10
TI/IXOHOBy ObL1a IMOCTPOCHA YMUCJICHHAsA MOJCIIb AaTYMKA. OCHOBHEBIE 3Tambl IMOCTPOCHMA BBIYHCIIUTCIIBHON
CXEMbI: PaCCMOTPUM KOHCUYHO-PA3HOCTHOC MPCACTABJICHUC YaCTHBIX TPOU3BOAHBIX B I-M y3j1€ UMCIOT BU:

_Yi~Vi-1
Yi—2Yi1t¥i-
Vee == 5 Alt; = 5)
Toraa KOHEYHO-Pa3HOCTHBINM aHAIOT YpaBHEHUS (4) 3alMIIETCs B BHIE
(y. (e _n (2 Yi-1 AL) .
Yi = (U“z (Atz e T ao) Yi-2 ( ac T al)( At )) (a2 ta, ©)
i=1..N.

Torna ypaBHeHue (4) MOXXHO TMPEICTaBUTh B KaXK/bIH MOMEHT BpeMeHH | B Buae Ay; = u;, rae
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A — BekTOp KOI(PHUIUCHTOB [8o; &y; 8z, Vi — BEKTOP [Yi; Vi1 Viol, Ui — 3ammymiieHHbId curnan. CremoBa-
TEeNBHO, ypaBHeHHE (6) OyeT 3amicano ClIeAyOIUM 00pa3oM

lAy; —wll <6, (7)
rzae 0 — ypoBeHb LIyMa.

Jlist BBIOOpA TMapaMeTpa peryisipu3alii HCIoib3yeM cieayouyo cxemy. Ilycts y¢ — perymspu-
30BaHHOE pEllIEHHUE ypaBHeHm (6), momoxuM:

—_— a —_
= l1Ay®ll, aM = ||ya||

OCHOBBIBasICh Ha TOJX0J/i¢ 00OOIIEHHOT0 KBa3HONTUMAILHOTO BhIOOpa a B Merozae JlaBpeHTheBa
[15] napaMeTp perynﬂpmaunn BBIOHpAIICS U3 YCIOBUSA

P 2
(a+M)2 + + = 962, (8)
HaqaﬂbHLIe yCJ‘IOBI/IH 5):
yOZO, y1:0, i=1..N. (9)

U3 cucremsr (6)—(9) TpeOyeTcst HAWTH 3HAYEHHS BEIMYUH Y; B KOKIOM y3JI€, PEryIHPYs BEITHIHHY
1IaroB JUCKpETU3allu1 10 BPEMCHU.

Merton onpeaeneHus napaMmeTpa perysipu3alii COCTOUT U3 CIEAYIOMINX TAIOB.

1. Beibupaem HEKOTOpOE HadaIbHOE 3HAYCHHUE ITapaMeTpa o = d.

2. ToacrasisieM a B ypaBHeHue (6). I3 MOMy4eHHOTO BBIpaXKEHHs HAlIEeM Y.

3. HpOBepHeM BeImonHeHue (8), pemras ero metoqoMm HeloToHa, B pe3yJIbTaTe M0JIy4aeM HEKOTO-
poe «'. Ecim |a* — a| < §, To ocTaHAaBIMBAaEM IpOIECC, HHAYE TIOTYYEHHOE ¢ BHIOMPAEM KaK HOBOE
3HAYeHHUE MapaMeTpa peryJsipu3alii ¥ BO3BpalaeMcs K 3raimy 2.

3. BeruncauresibHbI€ IKCIIEPUMEHTHI ¢ TECTOBBIMU (PYHKITUSIMU

OCHOBHOH 1IEJIbI0 BBIYHACIUTEIBHOIO SKCIEPUMEHTA SIBJISUIOCH MOJIYYEHUE YHCICHHOI'O PELICHHUS
3amaun (2), (3) mpu BXOJHOM CHTHAJIE CIIAYIOIIETO BH/IA:

Ut) = 0,t=0

® = {1, t>0"

bruta HaiineHa (yHKIMS BBIXOJHOTO CHUTHAJIa C IMOMOIIBIO MPEIJIOKESHHOTO YUCICHHOTO METO/a,
HaljeHHas QyHKIWs ObLia 3allymiieHa aJINTUBHBIM myMoM B 5 %. Ilo 3amrymieHHOMY CHUTHAaTY OBLI
BOCCTAHOBJICH BXOJIHOM CHUTHAJI.

Ha puc. 2 n300paxkeHbl JaHHBIA BXOJIHOW CUTHAJ M HAWJICHHBIN BBIXOIHOU C 5%-HbIM aJIATUBHBIM
[ITyMOM.

10—

4 | | | | | | | | | |
0 01 02 03 04 05 06 07 08 09 1

Puc. 2. BxogHou curHan u HamAaeHHbIW BbIXOAHOW C 5%-HbIM aaAUTUBHbBIM LLYMOM
Fig. 2. Input signal and found output with 5 % additive noise
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K naiineHHOMY 3alIyMJICHHOMY BBIXOJHOM CHTHAJy IPUMEHATIACh OOpaTHas KOHEYHO-PA3HOCTHAs
cxeMa Ui BOCCTaHOBJICGHHMS MCXOIHOTO curHana. Ha puc. 3 m300pakeH BOCCTAHOBJICHHBIA BXOIHOMN
CUTHAJL.

0.8 —

0.4

0.2

02 \ \ \ \ \ |
0 0.5 1 1.5 2 25 3

Puc. 3. BoccTtaHOBNEHHbIV BXOOHOM CUrHan
Fig. 3. Reconstructed input signal

OTKII0HEHHE BOCCTAHOBJICHHOTO CHTHAIIA OT UCXOMHOTO cocTapmia mopsiaka 0,05 (puc. 4).

_005 1 1 1 1 1 ]
0 0.05 0.1 0.15 0.2 0.25 0.3

Puc. 4. OTKnoHeHMe BOCCTAHOBIIEHHOrO CUrHana oT UCXo4HoOro
Fig. 4. Deviation of the reconstructed signal from the original

Bovtuucnumenshutit IKCnepumenm ¢ RepuOOUUecKoll hyHkyueil ¢ 3anazovieanuem

Ha cnemyroriem stare BBIYMCIUTEIBHOTO SKCIIEPUMEHTA MOCTPOCHHE YUCICHHOTO PEIICHHs pac-
cMmarpuBaeMoii 3amaun (2), (3) mpoBoaumock ¢ curnanom suga: U(t) = sin 3mt. JlaHHBI BXOAHOM CHT-
HaJl MOSIBJISIETCS NIPU MPOIIECCaX M3MEPEHUI pacxoja ChITy4HX BEIIECTB. B xoze skcnepuMenTa Oblia
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HalizieHa (yHKIUS BBIXOJHOTO CHTHANIA ¢ TIOMOIIBIO MPEJIOKEHHOTO YHCICHHOTO METO/a, HalileHHas
¢byHKUus ObLIa 3allyMIIeHA aJAUTUBHBIM LIyMoM B 5 %. Ilo 3amrymiieHHOMY cUrHaiIy ObIJI BOCCTAHOB-
JIeH BXOAHOM CUTHAJL

Ha puc. 5 u300pakeHbl JaHHBIA BXOJITHOW CUTHAT M HAWJICHHBIN BBIXOJIHOU C 5%-HbIM aJJIATUBHBIM
LIYMOM.

12 - output signal and input signal with noise

output signal

_0-2 1 1 1 1 1 ]
0 0.5 1 1.5 2 2.5 3

Puc. 5. BxogHou curHan u HangeHHbIN BbIXOOHOW
Fig. 5. Input signal and found output

Ha cnegyromem 3tare SKCIIepuMEHTa UCCIIEI0BANIOCH BIMSHUE 3aJICPKKH Hadalla N3MEPEHUNA OTHO-
CHUTENBHO Tieprosia curHana. Ha puc. 6—8 n3o0pa)keHbl 1aHHBII BXOJHOW CUTHAN U HAWIEHHBIN BBIXO-
HoOH ¢ 3ana3neiBaHueM B 20, 50 u 80 % ot nepuona curHana.

. output signal with 20% lag and input signal with noise

output signal

0.2 1 1 1 1 1 1
0 0.5 1 1.5 2 25 3

Puc. 6. BxogHou curHan n HaunaeHHbIW BLIXOAHOW € 3anasgbiBaHnem B 20 %
Fig. 6. Input signal and found output with 20 % lag
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160 output signal with 50% lag and input signal with noise

output signal
14 F —-—-=input signal

0 0.5 1 1.5 2 2.5 3

Puc. 7. BxogHou curHan un HangeHHbIN BbIXOAHOW ¢ 3ana3gbiBaHueM B 50 %
Fig. 7. Input signal and found output with 50 % lag

10 output signal with 80% lag and input signal with noise

output signal
L e, —-—-=input signal
A o ,

0.8

0.6

0.4

0.2

_0-2 1 1 1 1 1 ]
0 0.5 1 1.5 2 25 3

Puc. 8. BxogHon curHan v HanaeHHbIN BbIXOAHOM € 3anasabiBaHueM B 80 %
Fig. 8. Input signal and found output with 80 % lag

OTKIIOHEHUE BOCCTAHOBJICHHOI'O CHTHAJIA OT UCXOJHOTO cocTaBuio mnopsaka 0,05 HezaBrcHMO OT
3ama3apBanus (puc. 9).
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YucneHHbIl Memod o6pabomku pe3ysibmamoe

OduHaMuYyecKux u3MepeHuEl

error of input signal

-0.01

-0.02

-0.03 1

-0.04

_0.05 1 1 1 1 1 1 1 1 1
0 0.1 0.2 03 04 0.5 0.6 0.7 08 09 1

Puc. 9. OTKNnoHeHne BOCCTaHOBIIEHHOIO CUrHana oT MCXOA4HOro
Fig. 9. Deviation of the reconstructed signal from the original

Boiuucnumenwvnutit IkKcnepumenm ¢ PyHKyueii menioeozo npovecca

OcHOBHa L1€Jb BRIYUCIUTENBFHOTO 3KCTIEPUMEHTA C MOJEIMPOBAHHUEM TEIIOBOTO Mpolecca 3aKiIio-
4angack B MOCTPOEHHUS YUCIEHHOTO pelleHus paccMarpubaemoit 3agauu (4), (5) ¢ U(t) = e*t sint. Jlan-
HBI BXOJHOW CHTHAaN TOSBISETCS MpH Ipolieccax HarpeBa. B xoze skcrmepuMmeHTa Oblla HaiieHa
(YHKLUS BBIXOJHOI'O CUTHANA C MOMOLIBIO MIPEUIOKEHHOTO YHCIEHHOr0 METOa, HalieHHast QyHKLUS
ObuIa 3allyMJIeHa aJUTUBHBIM IIyMoM B 5 %. Ilo 3amyMiaeHHOMY CUTHaIy ObLJI BOCCTAHOBJIEH BXOJ-

HOM CHUTHAaJI.
Ha puc. 10 u3o0pakeH HaliIeHHBIN BBIXOIHOM C 5%-HBIM aITUTUBHBIM IIIyMOM.
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Puc. 10. HarigeHHbIM BLIXOOHOW CUTHaN
Fig. 10. Found output signal
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K HalineHHOMY 3aIIyMJICHHOMY BBIXOAHOMY CUTHAJly IIPUMEHsUIach 0OpaTHasi KOHEYHO-Pa3HOCTHAs
cxeMma JJisl BOCCTaHOBIICHHS MCXOAHOro curHaia. Ha puc. 11 m3o0pakeH BOCCTaHOBIICHHBIH BXOIHON
CUTHAJL.

Yand U

0.14 —

—-=--Y with noise
U with noise

I | | | | I I I | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-0.04

Puc. 11. BxogHon curHan v HanaeHHbIA BbIXOAHOW C LUYMOM
Fig. 11. Input signal and found output with noise

OTKIIOHEHNE BOCCTAHOBJICHHOTO CUTHAIA OT UCXOAHOr0 cocTaBmio mopsaka 0,01.

12 x1 03 error of input signal

oL | | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Puc. 12. OTKnoHeHMe BOCCTaHOBIIEHHOIO CUrHana oT UICXO4HOro
Fig. 12. Deviation of the reconstructed signal from the original

OTKIJIOHEHHE BOCCTaHOBJIEHHOTO CHUTHANA OT UCXOJHOTO BO BCEX SKCHEPUMEHTAX COCTaBHIIO He 0O-
nee 0,05 (puc. 12), yTo roBopuT 00 yCTOWYNBOCTH TaHHOTO METOAA.
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3aki0ueHue

B nanHoit paboTe mpemiokeH aaropiuT™M, OCHOBAaHHBIN Ha KOHEYHO-PA3HOCTHOM IOJIXOIE W TCOPHH
perymapuzanui. OCHOBHOE MPENMYIIECTBO TAKOTO IMOAXO0/a B TOM, YTO OH HE TpeOyeT m3MEeHEeHHs Ta-
PaMETPOB CHCTEMBI U TIOAKIIOYCHUS JONOTHUTEIBHBIX (DUIBTPOB, YTO B CBOKD OYEPE/Ib MO3BOJISET H3-
6exath d(hdekTa «HAKOTUIEHUS MOTPEIIHOCTHY. TakkKe MPOBEIACHBI BHIYHCIUTEIHHBIE SKCIIEPHUMEHTHI,
T/Ie B Ka4eCTBE BXOJHOTO CHTHAA, ITO/IaBaICh TECTOBBIE CUTHAJIBI, MOJICTHPYIOIINE pa3IndHbe (pru3u-
YECKHUE TMPOILIECCHI, 0 Pe3yJIbTaTaM KOTOPBIX OBUI C/eJaH BBIBOJ 00 YCTOWYMBOCTH METOJa OTHOCH-
TEIbHO MOTPEIIHOCTH B UCXOHBIX TAHHBIX.

HccnenoBanue BbINoOJHEHO NMpU ¢uHAHCOBOI moaaep:xkke PODU u YeasduHckoii o01acTu B paMKax
Hay4qHoOro npoekta Ne 20-48-740022 p_a_Yensnounck «MeToabl peryjasipu3anuyu Npu odpadoTke 3amymiaeH-
HBbIX B MHOTOKAHAJILHBIX H3MEPHUTEIbHBIX CHCTEMAX.
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NUMERICAL METHOD FOR PROCESSING THE RESULTS
OF DYNAMIC MEASUREMENTS

D.D. Yaparov, iaparovdd@susu.ru,
A.L. Shestakov, a.l.shestakov@susu.ru

South Ural State University, Chelyabinsk, Russian Federation

The problem of processing data obtained during dynamic measurements is one of the central
problems in measuring technology. Purpose of the study. The article is devoted to the study of
the stability of the method for solving the problem of processing the results of dynamic measure-
ments with respect to the error in the initial data. Therefore, an urgent task is the development of al-
gorithms for processing the results of dynamic measurements. Materials and methods. This article
proposes an algorithm for processing the data obtained during dynamic measurements based on
the finite-difference approach. The main prerequisites of the mathematical model of the problem of
dynamic measurements associated with the processes of restoration of the input signal in conditions
of incomplete and noisy initial data are as follows. Initially, the function of the noisy output signal
is known. The restoration of the input signal is carried out using the transfer function of the sensor.
The transfer function of the sensor is presented in the form of a differential equation. This equation
describes the state of a dynamic system in real time. The proposed computational scheme of
the method is based on finite-difference analogs of partial derivatives and the Tikhonov regulariza-
tion method was used to construct a numerical model of the sensor. The problem of stability of
the method for solving high-order differential equations is also one of the central problems of data
processing in automatic control systems. Based on the approach of the generalized quasi-optimal
choice of the regularization parameter in the Lavrent'ev method, the dependence of the regularization
parameter, the parameters of the dynamic measuring system, the noise index and the required level
of accuracy was found. Results. The main goal of the computational experiment was to construct
a numerical solution to the problem under consideration. Standard test functions were considered
as input signals. Test signals simulating various physical processes were used as an input signal.
The function of the output signal was found using the proposed numerical method, the found func-
tion was noisy with an additive noise of 5 %. Conclusion. The input signal was restored from the
noisy signal. The deviation of the reconstructed signal from the initial one in all experiments was
no more than 0.05, which indicates the stability of this method with respect to noisy data.

Keywords: dynamic measurements, finite difference scheme, regularization methods, transmission
function, dynamic measurement data processing algorithms, measuring systems, numerical method.
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