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IocTpoeHne MaTeMaTHYECKOH MOAEIM JHUHAMUYECKOTO OOBEKTAa 0OCCICYMBACT MMHUTALIMIO
PpaboThl TMHAMHYECKOH CHCTEMBI Ha YPOBHE, OUYCHb OJM3KOM K PEalbHOMY IOBEIECHHIO 00b-
€KTa IPH ero ucnbiTanusix. Kak npaBuio, B ka4yecTBE KPUTEPHsT KOPPEKTHOCTH MOJEIH IPU-
HHMMAIOT MAJIyI0 NOrPELIHOCTH Pe3yJbTaTOB MOJAEIMPOBAHHUS. BliouHas WilH, APYrUMH CIIOBa-
MH, (YHKIHOHAbHAs JUarpaMMa JHHAMUYECKONH CHCTEMBI, COJepiKalasi Bce KOMIIOHEHTHI B
BHUJIE OT/CIBbHBIX OJIOKOB M MOJCHCTEM C COOTBETCTBYIOIIMM OIMCAHHEM HX CBOWCTB, Ipen-
cTaBIsIET cO00 MO/IEb AMHAMUYECKOTO 00beKTa WK yctpoiictBa. C moMouipio makera Sim-
ulink MOXHO BBIIOJHHUTH MOJENMPOBAHHE OJIOYHBIX JHHAMHYECKHX CHCTEM U HAIJISIHO
NpeCTaBUTh pe3ysbTaThl MoenupoBanus. [laker Simulink naeT Bo3MOXXHOCTb BBIIOJIHHUTB
pa3UYHbIe BapHAHThl HIMHTALIMOHHOTO MOJICINPOBAHNS, HATIPUMEDP, BO BPEMEHHON HIIH B Ya-
CTOTHOMH 00JIaCTH, C UCHOJIb30BAHHEM CIIEKTPAIbHOTO Ipeobpa3oBanns Oypbe WM HAa OCHOBE
Mmertozna Monre-Kapio. bubnnorexa KOMIIOHEHTOB BKIIOYAET HCTOYHUKH CHIHAJIOB C Pa3iny-
HBIMH (pyHKI[MOHAIBHBIMH H BPEMEHHBIMH BO3JICHCTBHAMU, JIHHCIHbIEC M HEJIMHEHHbIE 1IPe00-
pasoBaTeny, HHTerpupyoomue 1 mudpdepeHnupyomnme 61oku. bubiroreka 6I09HBIX KOMIIO-
HEHTOB MCIIOJIB3yeTcsl il (HOPMHUPOBAaHUS (YHKIMOHAIBEHOH OJIOK-CXEMBI MOACIHPYEMOit
JIMHAMUYeCcKOl cucteMbl. [Ipy 5ToM HEOOXOANMO OPraHU30BATh CBSI3U MEXILY KOMIIOHEHTAMU
IIOCTPOCHHOI CHCTEMBI H BBHIIIOJIHUTH YCTAaHOBKY HadaJbHBIX ITapaMeTpoB. 3aaHue B OI0Kax
MOJICNIH TMHAMHYECKOr0 00BbEKTa MaTeMaTHYECKHX BBIPAXKCHHUH MO3BOJISET peIlaTh THIIOBBIC
3aa4d U SBJIETCA OJHHMM U3 BAXHBIX JOCTOMHCTB nakera Simulink. C momomipio makera
Simulink M0HO aBTOMaTH3HPOBaTH HaUOONEE TPYTOEMKHII dTall MOACIHPOBAHNUS, 3aKIII0OUa-
IOIMHCS B PEIICHHH CHUCTeMbl Iu(depeHInanbHbIX ypaBHEHHI, ONMUCHIBAIOLICH 3aJaHHYIO
(yHKLMOHAIBHYIO MOJeNb. B aHHO# paboTe OMMCHIBAIOTCS HEKOTOPbIE UCTOYHHUKH BO3JCH-
CTBUI, Han0oJIee YacTO UCIIONIB3YEeMBbIe IIPH MOJICTUPOBAHIU JHHAMHYIECKUX CHCTEM.

KaioyeBble ciioBa: MareMaTHuecKas MoOJeNb, MACHTUDMKALMS, IMHAMHYECKas CHCTEMa,
IPOCTPAHCTBO COCTOSHMIA, MOJIEIMPOBAHUE, CHHYCOUJAIbHBIM CHUIHAJ, €IUHUYHBIN MMITYJIEC,
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BBEJIEHUE

B paborax [1-19] paccmaTpuBatoTCs pa3iIHYHBIE METOABI OLICHUBAHUS HE-
N3BCCTHBIX IMapaMETpPOB AUHAMUYCCKUX 06'I)CKTOB IIpru HaJIAYXUKU IMOMEX AHUHAaA-
MUKW U U3MEPUTEIIA. I[aHHaf[ CTaThA ABJIACTCA JOTHUYCCKUM MMPOAOJIKEHUEM pa-
6otel [20]. B paborax [21-22] cuenaH kpaTkuii 0030p HEKOTOPHIX THIIOB CIYy-
YaWHBIX MPOIECCOB. B MaHHOW paboTe paccMaTpUBAIOTCSA BOMPOCHI MOJICITHUPO-
BaHUS UCTOYHHKOB BXOJHBIX CHUTHAJIOB ISl THHAMHYECKHX CHCTEM C TIOMOIIBIO
makeTa Simulink.

1. IOCTPOEHHME OBBEKTA B IPOCTPAHCTBE COCTOSIHUM

B pabote [20] nmpuBeneHo noctpoenne B makere Simulink nuHamMIdeckoi cu-
CTEMBI B IPOCTPAHCTBE COCTOSHUIM TS CICAYIONIero o0beKTa:

x(t) = Ax(t)+ Bu(t), z(t)=Cx(2),
rae x(t)— BEeKTOP COCTOSIHUS C HYJIEBBIM MaTEeMaTHUECKUM OKUIAHHUEM U HEOTPH-
[IATEJILHO ONPEETICHHON KOBapHAIlMOHHOW MaTpuiled P B Ha4YalbHBIA MOMEHT

BpEeMEHH; A U B — MaTpHIBI COCTOSHUS U YIPABICHUS COOTBETCTBEHHO; C —Mart-
punia HaOroeHus; z(f)— BEKTOp HAOMIOACHUS. 3alaHbl CICIYIOIIUE MapaMeTphI

A

Ha6J’IIOI[aTCJ'IB OIMMCBIBACTCS YPAaBHCHUCM

CUCTCMBI:

X= AR +Bu+L(y—C%),

rme X — OIeHKa BEKTOpa cocTosHusl x; L — marpuna Habmogarens. J{ist pac-
56/3

673/9
nenupoBaHus 00BeKkTa U HabmoaaTens B cpeae Simulink [20].

CMaTpUBAEMOro ImpuMepa uMeeM L :( J . Ha puc. 1 noka3an pe3ynpTatr MO-
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Gaing [01, 12421y

Puc. 1. OOBEKT U cXeMa COSIUHCHUS KOMIIOHCHTOB HAOJII01aTeIIst

PaccmoTpum Ooree mogpoOHO cIOCOOBI POPMHUPOBAHUS UCTOYHUKOB BXOTHBIX
CUTHAJIOB U LIYMOBBIX BO3JEHCTBUI.

2. IOCTPOEHUE BXO/JHBIX CUTHAJIOB

B pasgene Sources Ombmmorexn Simulink mpepcTaBieHBI MUKTOTPAMMBI HC-
TOYHHKOB BXOJHBIX BO3JCHCTBUI pa3NMM4HOro XapakTepa. Ha puc. 2 mokaszaH mc-
TOYHHK TIOCTOSIHHOTO Bo3zeicTBus Constant, B KOTOPOM JUIsi BEKTOpa MapamMeTpoB
yCcTaHOBIEHBI cienyronte 3HaueHus: [—1 0 1]. Ilo ymonuaHuiO ypOBEHB BO3ZEH-
CTBHSI 3aJlaH B BHUJE€ KOHCTAHTHI, paBHO# enuuuie. [Ipu ycTaHoBieHHOM (iare y
napameTrpa Interpret vector parameters as 1-D mmeeM OZHOMEpHBIH BEKTOD.
Ha puc. 3 mokaszaH HCTOYHHMK BXOJHOTO BO3JICUCTBHS B BUIE «CTYIEHBKIY.

OfHUM M3 caMbIX PAaCHpPOCTPAaHEHHBIX CHTHAJOB SIBISICTCS CHHYCOMIAJbHBIN
curHait. Ha pwuc. 4 mokaszaHbl mapaMeTpsl CHHYCOMIAIBHOTO BXOIHOTO CHTHAA.
Hcrounnk Hapacraiomero curHara Ramp ompenensercss 1o Gopmye
F(t)=k-t+i.Hapuc. 5 3agansl napameTps! cursana Ramp.
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Step Seaps.
Constant Seope
Step
Output a step.
EEreEm Parameters
Step time:
Output the constant specified by the 'Constant value' parameter. IF |E
'Constant value' iz a vector and Interpret vector parameters as 1-0'is on,
treat the constant value as a 1-0 airay. Otherwise, output a matriz with the Iitial walue:
same dimensions as the constant value [
Parameters Final value:
Canstant value: [z
|[_1 01] Sample time:
o

IV Interpret vector parameters as 1-0

=

- Show additional parameters -

oK | Cancel Help

I¥ Interpret vector parameters as 1-0

[¥ Enable zero crossing detection

oK Carcel ‘ Help |

Puc. 2. ICTOYHUK OCTOSHHOI'O BO3IEUCTBUA

Sine Wave Scope
Block Parameters: Sine Wave X
Sine Wave

Output a sine wave where the sine type determines the computational
technique used. The parameters in the bwo pes are related thiough:

Samples per perind = 2°pi / [Frequency * Sample time)
Mumber of offzet zamples = Phase * Samples per period 7 [2°pi]

Uss the sample-based sine type if numerical problems dus to rnning for
large times [6.q. overllow in absolute time) ooour

Parameters

Sine type: [

Amplitude
[1
Bias:
jo
Frequency [rad/zec)
[1
Phase [rad):
o

Sample time:
o

Iv Interpret vector parameters as 1-0

Puc. 4. CuHyconnansHOe BO3AeHCTBHE

Puc. 3. BxonHoii curnan Step

Ramp [mask) [link]
Output a ramp signal starting at the specified time.

Parameters

Slope:

[E
Start tine:
[o

Initial output:
[1

[v Interpret wechor parameters as 1-D0

oK Cancel | Help | ‘

Puc. 5. Tlapametpsl curnana Ramp
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Jns co3maHus NPSAMOYTOJIBHBIX HMMITYJIBCOB HCIIONB3yeTcs HCTOYHUK Pulse
Generator (puc. 6). [ TOCTpoeHUS CIy9aiHOTO CHTHAja ¢ HOPMaJIbHBIM pacipe-
JIEICHHUEM UCTIONb3yeTcs ncTognnk Random Number (puc. 7).

Pulse Soope
Generator

Block Parameters: Pulse Generator
Pulse Generator

Generate pulses at regular intervals where the pulse type determines the
computational technique used.

Time-based iz recommended far use with a variable step solver, while Random Scope
Sample-based is recommended for use with a fied step solver or within 8 Number
discrete portion of a madel using a varisble step solver,

Block Parameters: Random Number

FieTsios Random Number

Output a narmally (G aussian) distibuted random signal. Output is
Pulse type: [ repeatable for & given seed.
et Parameters
|2 Mean
Pernod [secs]: |IE
[+ Variance

1

Pulze 'width (% of periad): |

Initial seed
|50 T
Phase delay [secs] St
o

o
[ Interpret vector parameters as 1D [v Interpret wector parameters as 1-0

0k | Cancel ‘ Help | 0K I Cancel ‘ Help ‘ ‘
Puc. 6. Ucrounuk Pulse Generator Puc. 7. Ciyqaiinbiii curnan Random
Number

Pasnuunble THIBI BXOAHBIX CHUI'HAJIOB OBUIH MCIIOJIBL30BAHEI npu MoaeJIrpoBa-
HUH I[HHaMH‘IeCKOﬁ CHUCTEMBI B IPOCTPAHCTBC COCTOSTHUH.

3AK/IIOYEHUE

B nmanHO#1 pa®oTe mpeicTaBiICHBI CIOCOOBI (DOPMUPOBAHHS MAPaMETPOB pas-
JINYHBIX UCTOUYHUKOB BXOJIHBIX CUTHAJIOB JJII MOJIEJH B MPOCTPAHCTBE COCTOSHUM.

B pabore [19] moka3aHo TPUMEHEHHE METOAOB AKTHBHOW HICHTH()UKAIIUH IS
CHCTEMBI yIIPABJICHUSI IEPEBEPHYTHIM MasSTHHKOM.
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The dynamic objects modelling in Simulink environment. Part 2"

G.V. Troshina

Novosibirsk State Technical University, 20 K. Marx Prospekt, Novosibirsk, 630073, Russian
Federation, candidate of Technical Sciences, associate professor of the computer engineering
department. E-mail: troshina@dean.cs.nstu.ru

The dynamic object mathematical model construction provides the dynamic system work imi-
tation at the level very close to real behavior of object at his tests. As a rule, as criterion of a
model correctness accept a small error of the modeling results. Block or, in other words, the
functional chart of dynamic system containing all components in the form of separate blocks
and subsystems with the corresponding description of their properties represents model of the
dynamic object or the device. By means of a Simulink package it is possible to execute the
block dynamic systems modeling and to visually present the modeling results. The Simulink
package gives the chance to execute various options of the imitating modeling, for example, in
the time domain or in the frequency domain, with use of the Fourier spectral transformation or
on the basis of the Monte-Carlo method. The components library includes sources of signals
with the various functional and time actions, the linear and nonlinear converters, the integrat-
ing and differentiating blocks. The block components library is used for formation of the func-
tional flowchart of the dynamic system model. At the same time it is necessary to organize
communications between components of the constructed system and to execute installation of
initial parameters. The mathematical expressions in the blocks of the dynamic object model
allows to solve standard problems and is one of important advantages of a Simulink package.
By means of a Simulink package it is possible to automate the most labor-consuming stage of
modeling consisting in the decision of the differential equations system describing the func-
tional model. In this work some sources of signals which are most often used at the dynamic
systems modeling are described.

Keywords: mathematical model, identification, dynamic system, state space, modeling, si-
nusoidal signal, single impulse, stochastic signal
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