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Xapvkosckutl HAYUOHANLHBIL YHUBEPCUMEM PAOUOIIeKMPOHUKU, XapbKoe

NMPUMEHEHUE AOANTUBHOIO AJITOPUTMA
WOAEHTUOUKALUN ANHAMUYECKUX XAPAKTEPUCTUK
U3MEPUTEJIbHbIX MPEOGEPA3OBATEJIEU HA BA3E
UCKYCCTBEHHbIX HEMPOHHbIX CETEWU

B pabome paccmompena 603MOACHOCTL UCHONL306ANHUS AOANMUBHO20 AN2OPUMMA UOSHMUDUKAYUU UM-
NYIbCHBIX XAPAKMEPUCTNUK USMEPUMETbHBIX NPeobpazosameinetl, MoOeIUpyemblx OUHAMULECKUMU 36eHbIAMU ane-
PUOOUHECKO20 U KOIebamebHO20 Munos, Ha 6aze MHO2OCIOUHOU UCKYCCMEEHHOU HelpoHHou cemu. Onucan no-
PAOOK 00yUeHUss U NPUMEHEHUs. HeUPOHHOU Cemu, PACCMOMPeHbl O0CMOUHCIEA U HeOOCMAMKYU NPEON0NCEHHO20
memooda uoenmugpuxayuu. Ilpusedenvl npumepsvt UOeHMUPUKAYUU UMNYIbCHBIX XAPAKMEPUCTUK UMePUMeib-

HbIX npeobpazosamerell.

Knwueevle cnosa: u3MepumeJ1belL? npeo6pa306ameﬂb, ouHamuyeckoe 36€HO, ounamuyeckas xapakmepu-
cmuKa, UMnyJlbCHAs xapakmepucmuka, UCKyCCmeeHHasl HElZpOHHaﬂ cemov

BBeneHue

JluHaMHu4yecKue XapakTepUCTUKU U3MEPUTEIBHBIX
npeoOpaszosareneit (UII), npuMeHseMBIX NpH CEPTH-
(UKAIIMOHHBIX  WUCIIBITAHUSX  aBTOTPAHCIOPTHBIX
CPeICTB, TaKHWX, KakK JNaTYNKW BHOpalu W ynapa, B
TOM YHCJIE€ YAAPHBIX aKCeIepOMeTpoB, moporossix UII
yIapHOTO yCKOPEHUs, yIapHOH cKopocTH, nedopma-
1uu [1], OTHOCATCS K UX OCHOBHBIM METPOJIOTHYECKUM
xapakTepucTukaM. IloaToMy wuaeHTHUKALMS, CO-
CTOSIAs B YCTAHOBJIEHMM CTPYKTYpPHl M IapaMeTpoOB
JAX takux WMII Ha OCHOBaHHWU NOJIYYEHHBIX JKCIIEPHU-
MEHTAJIBHO JaHHBIX, ABJISAETCS HEOThEMIIEMBIM 3TallOM
UX METPOJIOTHYECKOT'0 00ECTICYECHUSI.

Jnst naT4MkoB BUOpalMM W yaapa SKCIEepHMEH-
TajgbHO omnpeaensieMbiMu X [BIAIOTCA aMIUIMTYIHO-
YacTOTHAas U HMMITYJIbCHas XapaKTepUCTHKH [2], mo-
clenHsAs M3 KOTOpPBIX OTHOcuTcs K monHeM JIX UII
[3]. B kauecTBe cTaHAapTHOrO METOMA KaTHOPOBKHU
aKCeJIEpOMETPOB NPUMEHSETCS KAITHOpOBKa yIapoM ¢
UCIIONIb30BaHUEM OaUIMCTUYECKOIO METola H3Mepe-
HUll [4], pe3yapTaToM KOTOPOH $BJIAETCA 3HAUCHHE
ko3¢ ¢dunuenta npeoOpa3oBaHUS aKceIepoMeTpa B
yIapHOM peXHMe, MOMYy4eHHOe IIyTeM IepecueTa UM-
myiabcHOM xapakrepuctiku (MX). OnHako B psne ciy-
yaeB U1 pEUIeHHs METPOJIOTMYECKHX 3aj]ad, TaKuX
KaK MCCIIeIOBaHUE TIOIPEITHOCTH (HEONPENEIeHHOCTH )
UII, xoppextupoBka X, 3Toro pesyiapTaTa HeaocTa-
TOYHO U BO3HHKAET HEOOXOJUMOCTh METPOJIOTHIECKOM
WICHTHU(QHUKAINN TOITYYEHHON 3KCIIEPUMEHTAIBHO UM-
MTyJIbCHOM XapaKTepUCTHUKU.

Eme ogauMm daxropom, TpeOyIOIIMM BHUMAaHUS,
SIBJSIETCSL  TIOSIBJIEHUE METOJUYECKOW TMOTPENIHOCTH
npu nepecuere UX [5]. Kpome Toro, UX paccmarpu-
Baemblx HII sABISITOTCS HENMHEHWHBIMH, 4YTO JETIaeT
3aTPyIHUTCIBHBIM NPUMEHECHHE K HHUM pPErpecCHOH-
HBIX METOJI0B 00pa0OTKH TaHHBIX.

B Hacrosimiee BpeMsl IS pEUICHHUS MHOTHX MET-
POJIOTHYECKUX 3aJau HaXOJAT MPUMEHEHHE HCKYCCT-
BenHble Heliponuble cetn (MHC), cmocobnbie k 00y-
YEHUIO Ha OCHOBE UMEIOIINXCS JaHHBIX [6 — 8].

Henbro nanHoil padoThI sABIsSETCS NPUMEHEHHE
aganTuBHOTO anroputMa Ha 6aze MHC mnsa wneHTH-
¢ukanun X WII, mMomenupyeMbIx TUHAMHYECKHUMH
3BEHBSIMH AIIEPHOUUECKOr0 U KOJIeOaTeIbHOTO THITOR.

1. Anroputm nageHTudnkaumm
MMNYNbCHON XapaKTepPUCTUKMN
n3MepuTesnbHbIX Npeobpa3oBaTenen

Jlna peanu3anyu aJalTUBHOTO alropuTMa HICH-
tupukaimu WX g(t) npuUMeHseTcss MHOTrOCIOHas
pexyppentas MHC (puc. 1). Ilepssrit cinoii MHC
npeAcTaBisier co0OW aJanTHBHO 0O0Yy4aeMylo CeTb,
COCTOSIIIYI0 M3 M HEUTPOHOB, Ha BXOJ Ka)JOIro U3
KOTOpPBIX IMOJaeTcss oOydaroliee BO3JEHCTBUE B BUJE
HopMmupoBaHHOH UX g;(yy) [5], kotopas mms UII,

MOACIUPYEMOIo anepuoaAn4YCCKUM 3BEHOM IIE€PBOro
HOpHZ[Ka, 3a4acTCAa BI)Ipa)KeHI/IeM
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s UI1, momenupyeMoro KoyieOaTeIbHBIM 3BEHOM, —
BBIpAYKCHUEM

gi(Ty, &)=
1-¢2 2
:;exp(—&—kimjsin K At , @
Tyey1-€2 T T

rae T, —3azaHHBIC 3HAYEHHS [IOCTOSHHBIX BPEMEHU;
& — 3aJaHHBIE 3HaueHHA Kod(duimeHTa 3aTy-

XaHUS;

At — miepuoj JUCKpETH3alWu HISHTU(UIHpYe-
Mot UX g, ;; i=1...N,

N
MTyJIbCHOM XapaKTePUCTHUKHU.

— KOJIHWYECTBO AJUCKPETHBIX OTCUCTOB HM-

I'paduueckoe npeacraBienue k -ro HelipoHa wuc-
KYCCTBEHHOW HEWPOHHOHM CceTH I UIACHTH()HUKAIIMH
UMITYJIbCHOW XapaKTepUCTHKA H3MEPHUTENBHBIX IIpe-
oOpasoBaTesneil, MoIenupyeMbIX BbIpaxeHussMH (1) u
(2) mokazaHo Ha puc. 2.
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Puc. 2. I'paduueckoe npeacraBiacHue HEHPOHOB Ay uaeHTHGukauu WUI1,
MOJIETIMPYEMBIX arepruoNIecKuM (a) 1 KojeOaTelbHbIM (0) 3BEHbSIMU

IlepBoHauasibHO M 3HAa4YeHUH y; (B 3aBUCHMO-
CTH OT HUCIOJIBL3YEMON MOJEIH Y COOTBETCTBYeT Ty
wum &y, k=1...m) 3amal0Tcs NPOU3BOJIBHO C PaB-
HOMEPHBIM UHTEPBAJIOM
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bk = d(uy) =
_ 1 , (5)
1+ exp(-wyt g(yy))

rae wa — k-as cTpoka TpaHCHIOHMPOBaHHOW MaTpH-

bl CHHAIITUYCCKUX BECOB, ONPECACIACMBIX KaK (l)yHKHI/IH
MHUHHUMYMa OIIMOKHU CEeTH

Wy =f(Qumin) - (6)
Takum o06paszomM, pesyabratom o0ydenus MHC se-
JIAETCA TIOJyYCHHE MATpPHUIBl CHHANTHYCCKUX BECOB
WY » COOTBETCTBYIOIIUX MUHUMYMY Q .
ITocne oOyueHMs ceTH Ha ee BXOJ IMOMAIOTCS JTUC-

KPETHBIC 3HAYCHUA HOpMHpOBaHHOﬁ I/II[EHTI/I(l)I/ILlI/Ipye-

Eximm

Mot UX g, =

, TIE Eyximsm — U3MEPEHHBIC

sHauenus UX; K — craruueckuii xo3¢duIMeHT mnpe-
obpazoBanus UII u BeIpaOATHIBAIOTCS BBIXOIHBIC CHI-
HAJIBI CeTH
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PaccunthiBaeTcs CpeaHEKBagpaTUUecKas OMMOKa
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1 ONIPEACIIACTCA 3HAYCHUE 3a1aBACMOIo IapameTpa yy ,

IpU  KOTOPOM HAOJIONAeTcsi MHHUMAJbHAs OLIMOKa
8min :

B nmanHoli paboTe npu moucke MUHUMYyMa CpejHe-
KBaJPaTHYECKON OLIMOKM CETH HCIIONB30BAJICS METOJ
YMEHBIIEHUS UHTepBaia [9], korna npu Kaxaon urepa-
UMM BHIOMpAETCsl MHTEPBAJ 3aJaHHBIX 3HAYEHHH OT

Yj1 A0 Yiju IS Yj, COOTBETCTBYIOMIErO ;. Mo-

ryT OBITH MCIOJIL30BAHLI U JApYyruc MEe€roAbl MOoMcCKa M-

HUMYMa (QYHKIIHH.
[Nocne HaxoXKAEHUS MUHUMYMa [TPUHUMAIOT

Ymin = ¥j-i>
Ymax TYj+l

Y TIOBTOPSIIOT BhruuciieHus mo popmynam (3) — (8).
BeruriciieHust Mpoa0IIKAIOTCS 10 TEX MOp, MOKa He
HACTYITUT yCIIOBHE

Q < QO )
rae Q( — 3aJaHHBIH ypOBEHb OIIMOKH CETH.

Crnenyer OTMETHUTB, YTO YBEIMUYEHHE Q Ha Ipo-
MEKYTOUHBIX dTanax HAEHTH(QUKAIIMH MOXKET CBHUJE-
TeNBCTBOBATh O HEMPABUIBHOM OOY4YEHHM CETH, TO-
3TOMY B TaKHMX CIIy4dasiX CJEIyeT BEPHYThCS K IPEbI-
Jyliell UTEepalliyd ¥ YBEJIWYMTh MHTEPBAll 3aJaHHBIX
3HaYeHHUH Yy .

2. NMpumeHeHNe afanTUBHOIO
anropuTma ansa ngeHTudumkKkaumm
MMMNYJNbCHOMN XapaKTepPUCTUKKN
n3MepuTenbHbIX Npeobpa3oBaTenen

B npoBeneHHBIX YMCIEHHBIX IKCHEPUMEHTaX HC-
MOJIb30BAIUCh m =5 obOydatonmx WX mo N =100
JIMCKPETHBIX 3HAUEHUH B KaXKJIOH.

1. Anepuoouueckoe 36eHno.

B xauecTBe M3MEPHUTENBHOrO Npeodpa3zoBaTes,
NX koTOporo moIeXuT UIEHTU(HUKALUH, HCIOIb30-
Basicst UII ¢ mocrostHHON BpemMeHH T =8 MC M cpeHUM
kBagpaTndeckuM orkioHeHueM (CKO) nmuckpeTHbIX
3HA4YEHUH O .

PesynbTaThl
Tadm. 1.

UACHTU(QUKAIIMA TPUBCIACHBI B
Tabmuma 1
Wnentudukamms
HMITYJIbCHOU XapaKTePUCTUKH
arepUoIUUECKOr0 U3MEPHUTEIIFHOIO MPeodpa3oBaTeIs

oy 8T, % Ag o(Ag)
0 0 0,003 0,2
0,001 0 0,005 0,2
0,01 0,11 0,05 0,6
0,1 5.4 0,16 1,4
1,0 1,6 -0,5 1,6

B Ta6in. 1 o6o3naveHo:
AT -T
oT = TlOO = XTWO — MOTPEIIHOCTh HUICH-
TU(QUKAIMK TTOCTOSIHHON BpeMeHH T ;
— 1
Ag=—
g N &
YecKoe MOrpelHOCTH anmnpokcuManuu NX;
o(Ag) —CKO ¢g.

N
D> (gi(Ty)—gx) — cpemHee apudpmern-
i=l1

2. Konebamenwvnoe 36eno.

B xauecTBe M3MEpHUTENBHOrO Npeodpa3oBaTes,
MOJIETTUPYEMOT0 KoJieOaTeIbHbIM JAWHAMUYECKHM 3Be-
HOM, MHCIIONIb30BaJICd HM3MEPHUTEIbHBIH IpeoOpa3oBa-
TEJb C MOCTOSTHHOW BpeMeHn T =8 Mc U ko3 HueH-
ToM 3atyxaHus & =0,6.

PesynbTaTsl
TabuI. 2.

UACHTU(QUKAIIMA TPUBCIACHBI B

3aknrouyeHue

B pabGore ObLT pacCMOTPEH AJITOPUTM HIACHTH-
(UKaUd HMMIYJIbCHOW XapaKTEPUCTHKH H3MEPH-
TeJIBHBIX Tpeobpa3oBaTeiiell, MOAEIUPYEMbIX TUHA-
MHUYECKUMHU 3BEHBSAMH alepruOJUUYECKOro M Kojeba-
TEJIHHOTO THUIIOB.
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TabGmnuna 2

Wnentudukamms UX konebatensHoro UII

ox | 8T.% | 3&.% | Ag | o(Ag)
0 -1,3 4.8 -0,003 0,647
0,0001 -1,1 5,7 -0,008 2,2
0,001 -1,8 4.8 -0,004 0,67
0,01 0,4 -1,5 0,001 0,213
0,1 -0,26 -1,2 -0,002 0,269
1,0 1,7 1,2 0,16 1,05

HemoctaTkoM MpemTOKEHHOTO METO/a  SBISETCS
WCIIOJIb30BaHNE OOJIBIIOr0 00beMa aHHBIX, YTO YBEIH-
YHUBAET BPEMEHHBIC 3aTPaThl HA 00PabOTKY JaHHBIX.

OnHako, TOMyYEeHHbIE PE3YIbTATHI YKa3bIBAIOT Ha
MEePCIEKTUBHOCTh Pa3pabOTKK aJrOpPUTMOB HACHTH(DU-
KaIlM{ JUHAMHYCCKHX XapaKTePUCTHK H3MEPUTEIbHBIX
npeoOpa3oBatesnell Ha 0a3e NCKYCCTBEHHBIX HEHPOHHBIX
cereid, 4To 00YCIOBIICHO WX aaNTHBHBIMU CBOHCTBAMH,
B TOM YHCIIe CIIOCOOHOCTBIO K HEMpephIBHOMY 00yue-
HUIO, THOKOCTHIO B PELICHUU PA3INYHBIX TEXHHICCKHUX
3a7a4 U BO3MOXXHOCTBIO YIPABISITH TOYHOCTHIO HIICH-
TU(QUKALIH.
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3ACTOCYBAHHSA ABANTUBHOIO ANNrOPUTMY
INEHTUGIKALII AMHAMIYHUX XAPAKTEPUCTUK BUMIPIOBAIIbHUX
NMEPETBOPIOBAYIB HA BA3I LUTYYHUX HEUPOHHUX MEPEX

Bbaxep AnbpaBamaex, M.II. Ceprienko

B pobomi poszensmnyma moduciugicme UKOPUCMANHA A0ANMUBHO20 ANOpUMMY [0eHmugikayii iMnyIbCHUX Xapakme-
PUCTUK 8UMIDIOBATbHUX NEPEeMEOPIO8atis, o MOOEN0I0MbC OUHAMIYHUMY JIAHKAMY ANepioOutHo20 i KOIUBAIbHO20 M-
nig, Ha 6asi wmyunoi netiponnoi mepedxci. Onucano nopsaooK HAGUAHHSA | 3ACMOCYBAHHSA HEUPOHHOI Mepedci, po3eIAHymi
docmoincmaa i HedoniKu 3anpononosano2o memody idenmugpixayii. Hasedeni npuxnaou ioenmughikayii imnyabchux xapa-
KmMepucmux GUMIpIOGAIbHUX NepemeopIoGais.

Kniouosi cnosa: sumipiosanvnuii nepemsopiogay, OUHAMINHA NAHKA, OUHAMIYHA XAPAKMeEPUCIMUKA, IMRYIbCHA Xapa-
Kmepucmuxa, wmy4na HetipoHHa mepeica

THE ARTIFICIAL NEURAL NETWORKS
BASED IDENTIFICATION ALGORITHM APPLICATION
FOR MEASURING TRANSDUCERS

Baker Alravashdeh, M.P. Sergienko

In this article there is investigated a possiblity of appllying an adaptive identification algorithm for measuring
transducers identification, which are modelled by dynamic elements of both aperiodic and periodic types, based on multi-
layer artificial neural network. The ways of neural network training and applying are given, as well as merits and demer-
its of this identification method. Several examples of transducers measuring characteristics identification are given.

Keywords: measuring transducers, dynamic element, dynamic characteristic, pulse characteristic, artificial neural
network.




