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[MpeameTom paboOTH sABISETCS NpoOJIeMa TNOBBIMICHHS TOYHOCTH HICHTU(QHUKAIMKA JIMHEHHBIX
JUHAMUYECKUX CHCTEM 10 IKCIEPHUMEHTAIBHBIM TaHHBIM, MOJyYEHHBIM IIyTeM NOJa4M Ha CUCTEMY
TECTOBBIX CUTHAJIOB. OINHUCAaHBl aNropuT™M HACHTH(UKAIMK CHUCTEM C HM3BECTHOH IepenaToyHoil
¢GyHKIMEH 1O SKCIEPUMEHTAJBHOMY YacTOTHOMY Trozporpady, CoAepXkaleMmMy —CiydaiHble
MOTPEIIHOCTH M3MEPEHHH, M BO3MOXHBIH METOJ YTOYHEHHUS WACHTH(QHUKAINU CUCTEMBI U €€
ko3(p¢punrenToB. B kadecTBe Momenu NpHHHMAeTcs INepepaTodHas (YHKIHMS CHCTEMBL. PerreHue
3a7a4M WACHTH(UKAINU aBTOPHI MPEUIOKIIN MCKaTh B Kilacce rojorpados, 3aJaBaeMbIX MOJAEIBIO
cucrteMbl. [lonck HeW3BECTHBIX KO3((GHUIMEHTOB TIEpeAaTOYHONH (QYHKIMH MOJEIH CHCTEMBI
OCYIIECTBJIIETCSI ~ IyTeM  MUHUMM3ALUK  [PEIOKEHHONH  aBTOpaMH  Mephl  OIM30CTH
9KCIIEPUMEHTAIILHOTO rojorpada cucremMbl U ronorpada Mozel cucTeMbl. B pesynbraTte penieHue
3a71a4u uAEHTU(UKAINY ObLIO CBEJCHO K PELICHUIO CHUCTEMBI JIMHEWHBIX ypaBHeHHUU. [Iyis nonyueHus
TNICEBJJOAKCIIEPUMEHTAIbHBIX J[aHHBIX ObLIa CMOJICIMPOBaHA JIMHEIHAs CHUCTEMa BTOPOTO MOpSIKA.
WmiocTpaTUBHBIM  BBIYMCIMTENBHBIA SKCIEPUMEHT TO0Ka3ad, YTO IOTPEHIHOCTh ONpeAeTeHUs
K03(h(UIMEHTOB mepenaToyHoll (YHKIMHM HE IPEBHINIAeT IUaNa3oH IOIPEITHOCTH HW3MEpEeHHUH
9KCIIEPUMEHTAILHBIX OTCYETOB rojorpada cucremsl. [lamee mpu HMCHONB30BaHWM IPEIJIaraeéMoro
METO/la BBIOOPKH OKCIIEPUMEHTAIBHBIX TOYEK OBUIO II0Ka3aHO HA AHAJOTWYHOW CHCTEME, YTO
TOYHOCTh MJICHTU(HUKALMH JUHAMHIECKUX KO3((UINEHTOB MOKET OBITH MOBBIIIEHA HA JBa NOPSIKA.
JaHHBIA pe3yapTaT ObUT TakK e MOJIydeH Ha WIUTIOCTPATHBHOM BBIYHCIUTEIHHOM JKCIepHMeHTe. B
M3BECTHBIX HMCTOYHHKAX 10 MISHTH(UKAUN HEITUHEWHBIX JWHAMHYECKHX CHCTEM METOJ
HACHTUGHUKAINY [aHHOH NyOnIWKanmud HE YHOMHUHAiCS. V3TMOXKEHHBIH B IyOIMKanmUM MeETOJ
WACHTU(DHUKAINY HETMHEWHBIX TUHAMUYECKHX CHCTEM MOJKET HalTH NPUMEHEHHE NPH ONpEIeIeHUI

nmapaMEeTpoOB PA3JIMYHOIO BUAa CUJIOBBIX IIPUBOI0B.

KiaoueBble cioBa: I/I,Z[CHTI/I(I)I/IKEIIII/IH, YaCTOTHBIN ronorpa(b, JINHEHEIS JUHAMHUYCCKHE CHCTCMBI,

rapMOHHYCCKad JIMHCApU3alus

BBejeHue

DOKCnepuMeHTaIbHass OTpabdOTKa CHJIOBBIX IIPUBOJOB AaBHAIMOHHOMW W KOCMHUYECKOH

TEXHUKH BKJIIOYaeT B ce0s IMOJIYUYCHHUE AaAMINIMTYAHO-YaCTOTHBIX XapaKTCPHUCTHUK C MLOCIIbIO
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UICHTH()UKAIUN JUHAMUYECKUX 3BeHbEB. [l0o1aBast Ha BXOJ CHJIOBOTO MIPUBOJAa TAPMOHUUYECKUN
CUTHAJI Pa3JIMYHOW YaCTOTHI U IOJy4as B OTBETHYIO PEAKLMIO TAK K€ FAPMOHUYECKUN CHTHAI,
HO OTJIMYAIONIMICS OT BXOJHOTO aMIUIMTYAOH M cIBUroM (as3pl, MOTy4yuM HHGPOPMAIIHIO,
MO3BOJISIFOILYIO OLCHUTh IMHAMUYECKUE XapaKTepUCTUKU ITpuBoaa. [1o cyiiecTBy BCs moJie3Hast
uH(popMaNusg O MPUBOAEC MOXKET OBITh TMOJydYeHA TPU CTATHCTHYECKOM AaHAIU3€ BBIXOIHOTO
CUTHaJIa. AHalu3 SMIHMPUYECKUX paACHpe/IeSICHUN MOKa3bIBa€T, YTO AMIUIUTYAHO-4aCTOTHAs
XapaKTEePUCTUKAa €CThb CyMMa JETEPMUHUPOBAHHOM COCTaBIAIONICH (MOJE3HBIA CUTHAN) H
CIIy4alHBIX MOTPEIIHOCTEH, CTATUCTHUYECKH HE 3aBUCHUMBIX OT IOJIE3HOTO CHUTHaNa (IIyM).
[TosToMy mpH CTaTUYECKOM aHAIU3€ MPUMEM B KAYECTBE KBA3UAKCIIEPUMEHTAIBHOM MOJAEIH
CyMMY IIOJIy4YE€HHOT'O CUTHAQJIA U CIIy4alHOI'O IIyMa C pAaBHOMEPHBIM 3aKOHOM PACIpPEIEICHUS.

UcxoaHble JaHHbIE

HpI/IMeM, 4TO aMIUTUTYJAHO-94CTOTHAA XaPAKTCPHUCTHUKA ITPUMET BUM, Hpe,[[CTaBJ'IeHHHﬁ Ha

pucyske 1.

AUX

by

Amnnuryna A

Hactora w

— A(w)
— Ilpawmas otpesxu 1

Pucynok 1. KBazuskcnepuMeHTa IbHas aMILTUTYJHO-9aCTOTHAS XapaKTePUCTHKA: W, — pe30HAHCHAs 4aCTOTa

Buaum, 49ro HaumOospliee 3HaYeHHE OTKJIOHEHUS CHTHAJ/IIYM  HaXOIUTCS B
OKOJIOPE30HAHCHOM 30HE, TO €CTh B mpeaenax oT | g0 w;. VMMEHHO 3TOT y4acTok
npejacTaBisieTcss HauOojiee HWHTEPECHBIM JJisi OLEHKM TOYHOCTH uJeHTHUuKauuu. s
BBIJICJICHHS TTOJIe3HOTO curHaina AUYX paccMOTpuM 3BE€HO BTOPOro NOps/Ka, NepeaarodyHas

(GyHKIHST KOTOPOTO UMEET BU/T
Co

W(p) =

epte;pt+eyp?’
3anaBasch kodhUreHTaMu €y, €1, €, MOTYYHM cooTHOIIeHue At AUX B Buae

W(jw) = P(w) + jQ(w),
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rae P(w) n Q(w) — BeNIeCTBEHHAs: © MHUMAs 9aCTH YaCTOTHOM MepeaTOYHON (yHKITUH.
Torma amMmmnTy1a MOKET OBITH BBIUMCIICHA TTO POopMyIie

A(w) =P () + Q*(w).

a ¢aza o dhopmyie
Q(w)

p(w) = atan(m).

JUid moay4yeHus aMIUIMTYAHO-4aCTOTHOW XapaKTEpPUCTUKHU C LIYMOM, KOTopas W OyIeT
CIIY’)KUTh MOJEJBbI0 KBa3MIKCIEPUMEHTAJIBHON IMOJYYeHHONW XapaKTEPUCTUKU, HEOOXOIUMO C
IIOMOILBIO aTYMKA CIYYaWHBIX YUCEN HAJIOXKUTh aJJUTUBHBIN IIyM Ha aMIUIUTYAY IOJIE3HOIO
cUrHajia B HeKoTopoMm Macmrtabe. [lo cymiectBy, uaeHTH(UKALUS CBOIUTCS K BBIICICHUIO
MIOJIE3HOTO CHTHAJIA U ONpeeNeHust KO3 PHUIUEHTOB €y, €1, €2 a TaK )Ke K OIEHKE TOYHOCTH UX
ONpEIEICHUs, MOCKOJIBKY €CTh MX TOYHBbIE 3HA4YECHMS M 3HAYCHUS. IOJYYEHHBIE B IpoLEcce
uaeHTudukanuu. Takum  oOpa3oMm, HMes MOJENb  OIKCIEPUMEHTAIBHOH  YacTOTHOU
XapaKTePUCTHKU B BHJE JCHCTBUTEIHLHOW W MHHMOW YacTei, MOXHO MOCTPOHUTH romorpad
cucrembl. Ha prucynke 2 nokasan rogorpadg 3BeHa BTOPOTO MOPsiIKa, HMEIOLIET0 KO PUIITMESHTHI
eo=1,6 =04, e =1, o = 1 u BeNMMUNHY HAIOKECHHOTO IIymMa, paBHyio 10% OT 3HAYCHUS
aMIUIATYIHO-4aCTOTHOM XapaKTEpPUCTUKH B TOUKE, COOTBETCTBYIOLIEH YacToTe w = 0.

T'ogorpai

2 o1 i ' ) AW

— 1

i)

30 DHCIEpHMEHT
— TeopeTHYeCcKad KpHEAT

Pucynoxk 2. 'ogorpads! uccineqyemMoro 3seHa
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Teneps, mpuUMEHUB METOJ HAUMEHBIIINX KBaJIPaTOB M 3allHCaB HOPMAaIbHBIC YpPaBHECHWS,
IOJyYMM COOTHOLICHMS JUISl ONPEIENICHHUS «HEHU3BECTHBIX» KOd(pQUUUEHTOB (€9, €'1, € 7).
BreruncnuB uxX ¥ CpaBHUB C 33JJaHHBIMH 3HaueHUs MU € = 1, e; = 0,4, e, = 1 momyyum OLIEHKY
TOYHOCTH UICHTH(DHUKAIIN. )

IlocTaHOBKa 3a4a4H

BOHpOCH, moAuIC)Kaue paspCiCHNIO:
1. 3aBHCHMOCTH TOYHOCTHU I/I,HGHTI/I(bI/IKaI_II/II/I OT 00JIaCTH BI)I6paHHBIX qacCToOT.
2. 3aBHCHUMOCTH TOYHOCTH I/I,I[GHTI/I(bI/IKaI_II/II/I OT 4YHucCJjia TOYCK Ha BBI6paHHOM y4dacCTKe.

Penienue

Jlis oTBeTa Ha IMEPBBIM BONPOC BbIOEPEM B KadyeCTBE STaJOHA TOYHOCTH OLICHKH
koddurmentoB e = 1, e; = 0,4, e, = 1 ux uacHTUPUKAIMIO HA HEOTPAHUUYCHHOH ITOJIOCe
4acToT.

Cucrema HOpMabHBIX YpaBHEHU Al onpeeseHus kod(ppuinenTon €y, €1, €2 UMeeT BU

[1]

nexp nexp nexp
e ) (PE+0Q) =€, ) (PE+0Qwi= ) P,
i=1 i=1 i=1
nexp nexp
e Y (PE+0H) == Gy,
i=1 i=1
nexp nexp nexp
€o Z(Pi2+Qi2)wi2_ez Z(Pi2+Qi2)a)? = Z Piw}.
i=1 i=1 i=1

BBenem o0o3HaueHU:

ko= ) (PE+0D),
i

ke = ) (P2 + Dot
i

ks = ) (P2 +0Dof,
i

k4 - z Pil
i

ks = Z Qiw;,
i

k6 = z Pla)lz.
i
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Torpa nomyunm
eoks — exky = ky,

elkz = —k5,
eokz - ezk3 = k6'

CooTHoIICHNE JJIA OIIPCACIICHUA KOB(b(i)I/IHI/IeHTOB 3alIMIICTCA KaK

o — keky — k3ky
7 k2 —kyks
ks
81 == _k_z,
eoky — ky
ez - k2

Jnst 3amaHHBIX KOS (UIIMEHTOB €g, €1, €2 OBUIM MPOBEACHBI IBAALATHKPATHBIC CEPHH
BBIYHUCIUTEIBLHBIX JKcriepuMeHToB 1o 25, 50, 100 m 200 toukam romorpacda. Ilocme

OIpCaAcCICHUA BBIYHUCIAIUCE CPCAHUC 3HAYCHUA W JUCIHCPCHU omuoOoK OIpeaciICHud

KOA(PHUIIHEHTOB.
EKID_E T T T

L

L&)

[ i)

= 3

o fx107°F ]
m

=]

=]

=

L&)

L]

o -3 -
= &=10

=

i

G

=

jur)

o -3 e

i 21077 ]
=

L)

=3
[

1] | 1 |
N A0 1an 130 200

Eonuuecteo SECTIEPHMEHTANEHEE TOHER

sy CepHA Oo 20 TouraM rogorpatha

sy CepHa oo 30 TouraM rogorpada
Cepua oo 100 touxam rogorpada

s CepHA 0o 200 Touram rogorpada

PucyHok 3. 3aBUCUMOCTb CpETHEKBAPATUIECKOTO OTKIOHEHHUS OIMMUOKN KO3PPUITUEHTA €y Kak (pyHKIIUN

KOJIMYECTBAa TOUYEK Tomorpada
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Ha pucynke 3 mig npuMepa noka3zaHa 3aBUCUMOCTb CPEIHEKBAPATUYECKOTO OTKIOHEHUS
omuOku Kodduimenta €y Kak (YHKIMH 4YHclIa Todek rojorpada. Buamm, yrto rpadux
crabmwmsupyercsa B 30He 30-40 Touek. ['muctorpamma ommbok kodduimenta €y npuBeacHa HA
pucynke 4 mipu 48 Toukax romorpada m 100-kpatHOM cepuu. OMMOKH UMEIOT HOPMAIbHBIH
3aKOH pacIpesielieHHs], a 3TO 3Ha4YMT, 4T0 95% Bcex ommnbOOK HaXOAsATCs B 30HE +2CKO, TO €CTh
+3 %1073,

25 . .
“2lisan? T 2lisae?)

20

15

1ar

Fonuuecteo Touer

- 001 - 5x1077 0 Sl 0.01
Hurepeanm ommbox

Pucynok 4. ['ncrorpamma ommbok ko3 GHUIIEeHTa &g Ha BCEH BO3MOXKHOH ITOJI0CE 9acTOT Togorpada

Takum oOpazoMm, mpu ypoBHE miyma, paBHOM 10% OT ypOBHS MOJIE3HOTO CHUTHAJA TMPHU
gactote w = 0...6, cpeaHeKBagpaTuyecKkas OIMUOKa ompeneneHus KodPQUIMeHTa €y paBHA
0,15%.

AHaNOruyHble pe3yibTaThl MOJYUYEHBI JUIsl OTPEeIHOCTe onpeaeneHnus kodhPpuireHTon
€11 €y

Kak BUIUM IIpU HCIOJIB30BAHHUU AJI'OpHUTMA I/I}I[eHTI/I(i)I/IKaI_[I/II/I AWMHaAMHUYECKOI'0O 3B€HA
BTOPOTO TOpPSAKA MO YaCTOTHOMY Tojorpady MHOrpemrHocTs ompeaeneHus Kod(QPHUINeHTOB
nepenaToyHol  (GyHKIMM  3HAYUTENBHO  MEHbBIIEe, YeM  BEIMYMHA  MOTPEIIHOCTU
AKCIEPUMEHTAIbHBIX OTCYETOB IMHAMHYECKOTO 3B€HA (C YPOBHEM LIyMa).

PaCCMOTpI/IM BO3MOXHOCTbH IIOBBIIIICHUA TOYHOCTU OLCHOK HI[QHTI/I(I)I/IKaI_II/II/I
koaddunreHToB €p, €1, €. Jag 93TOro orpaHMYMM TOJOCY BXOJHOTO  CHUTHala

OKOJIOPE30HAHCHBIMU YaCTOTaMH, KaK MOKa3aHO Ha PUCYHKe 1, TO ecTh B quamna3zoHe 4actoT 1 (
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W = Wy + Wy) U NPOBEJEeM HICHTU(UKAIINIO, OCTABUB MPU STOM TOCTOSHHBIMU BCE YCIOBHS
MPEABIIYIIEro YKCIepUMEHTa. I ncrorpaMma omuooK onpeaeneHus koddduimenta ey mokazana
Ha pUCYHKE 5. Buamm, 4T0 CpeqHEeKBaapaTHIecKOe OTKIOHEHUE OIMUOKHU €y cocTaBisieT +1,5 *
10™* , 1o ecth 0,015 %, uto B 10 pa3s MeHblIe, YeM NPH MCIOIL30BAHMU BCEil BO3MOXKHOM

MIOJIOCHI 4acTOT rojorpada.

40

—2.l1 5107

20r

Konuuecteo Touek
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e e e =
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—
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R R e e T
—_
DI
(3]
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I:I 1 1 I
—0ot — Sel0 ™ 0 510 0.01

Huteppanu ommnbox

Pucynok 5. I'ncrorpamma ommbok ko3gphuiueHTa €y ¢ OTpe30M 4acTOT
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Takum 06p330M, orpaHn4uvBas BXOIOHBIC TapMOHHUYCCKUC CUTHAJIbI Ha BXOJ€
JTUHAMAYECKOTO 3BEHA OKOJIOPE30HAHCHOW O0JACThIO, BO3MOXKHO CYIIECTBEHHO (Ha TOPSIIOK)
YBEJIMYUTh TOYHOCTh HICHTU(UKALIWUA JUHAMHUYECKHX 3BEHBEB, UTO CYIIECTBEHHO MOBBICUT
3((HEeKTHBHOCTh HCIIONB30BAHUSI CHJIOBBIX TPUBOJOB TPU KOPPEKIMH OOIIEro KOHTypa

yIIpaBIICHUS.
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Method of Increasing Identification Accuracy
under Experimental Tests of Dynamic Objects
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The work concerns a problem of increasing identification accuracy of linear dynamic sys-
tems on the basis of experimental data obtained by applying test signals to the system.

The work is aimed at considering a possibility to use the experimentally obtained hodo-
graph counting to determine parameters of this system in a specific context of the linear dynamic
system of the second order.

An offer was to use a method of harmonious linearization and a described cut method.

The type of frequency transfer function of the identified system was assumed as known.

It was supposed that when obtaining the frequency characteristics of a real system there are
disturbances interfering with experiment as a result of which points of experimentally received
hodograph are random displaced.

An identification problem solution was searched in a class of the hodograph set by the sys-
tem model, which had the same type of frequency transfer function, as the type of frequency
transfer function of the identified system.

The unknown coefficients of frequency transfer function of the system model were
searched through minimizing a proximity criterion (measure) of the experimentally received
hodograph of the system and of the system model hodograph over the entire aggregate of points.
One of the authors described this criterion in the earlier publication.

The solution to a problem of nonlinear dynamic system identification by the frequency
hodograph was reduced to the solution of the system of equations of the rather unknown linear
parameters of frequency transfer function of the system model

The program to simulate a process of the pseudo-experimental data, containing random er-
rors, and determine parameters of this system is developed for a dynamic system of the second
order.

A conducted computing experiment is conducted to estimate an error at which the offered
algorithm defines the values of parameters of this system.
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An illustrative computing experiment has shown that in the further detailed analysis an er-

ror of determining values of the system parameters is two orders of magnitude less as compared
with an error of experimental counting of a hodograph

There are no known sources on identification of nonlinear dynamic systems, which have

mentioned the method of identification described this publication.

The identification method of nonlinear dynamic systems stated in the publication can find

application for determining parameters of various types of power drives.

Using a method of harmonious linearization and identification of dynamic systems on hod-

ograph is perspective to solve a problem of identification of nonlinear systems with different
types of nonlinearities.
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