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COOpHUK METOAMYECKUX yKa3aHUW K JaOOpaTOpHBIM padoTaM MO Kypcy
"KomnproTepHOE ympaBieHWE MEXaTPOHHBIMH CHUCTEeMaMHU' MpeacTaBisieT co0oi
PYKOBOJICTBO MO MOATOTOBKE W TMPOBEIACHUIO MPAKTUYECKUX M JTaOOpaTOPHBIX
paboT, HampaBJICHHBIX Ha 3aKpEIUICHUE TEOPETHUYECKUX 3HAHUN MO OJHOMY M3
pa3ze’IoB COBPEMEHHOM TEOpUU YINPABIECHHUS - TEOPUU CUCTEM YIIPABIICHUS C
KOMITBIOTEPHBIM  YIIPABICHUEM, MPEANOJaralouieM KBaHTOBAHUE IPOLECCOB B
KaHajaxX yMOpaBlieHUs, Kak 1O BpPEMEHHU, TaK W MO YpoBHIO. B maboparopHom
IPaKTUKYM€ TOCJIEOBAaTEIbHO pPACCMATPUBAIOTCA BOMIPOCHI, CBA3AHHBIE C
aHAJIM30M XapaKTEPUCTUK JIMHEHHBIX MMITYJIIbCHBIX CHCTEM (YyCTOMYMBOCTH,
TOYHOCTH) B YAaCTOTHOM 0OJIACTH, OCOOCHHOCTHIO YACTOTHBIX XapaKTEPUCTHK
UMITYJIbCHBIX CHUCTEM, aHAJU30M U CHHTE30M JUCKPETHBIX CHUCTEM METOJaMu
IIPOCTPAHCTBA COCTOAHMI. PaccmaTpuBaroTCs MpUMEphl PEIICHMs 3aady CHHTE3a
HaOJIIOAAIONINX YCTPOMUCTB MOJIHOTO NOPAJKA U PEAYLUPOBAHHBIX HAOJIIOIATEIIEH.
Jlnst  3aKkpemieHus TMOJYyYEHHBIX HAaBBIKOB MPEIIaraeTcsi CaMOCTOSITENbHOE
pelIeHre aHAJIOTUYHBIX 33714, B3STHIX U3 MPAKTUKU MPOCKTUPOBAHUS CUCTEM C
KOMITBIOTEPHBIM yTIpaBlIeHUEM. B JBYX 3aKIIOYUTENBHBIX padOTax MPOBOIAUTCS
aHaJIM3 BJIMSIHUS HEJTMHEHWHBIX XapaKTepUCTUK TpeoOpazoBarenedl (KBaHTOBAHUS
10 YPOBHIO) Ha Ka4€CTBO padOThI TUCKPETHON CUCTEMBI.

JlabopaTopHbIil NpakTHKyM 10 Kypcy «KoMmmnbploTepHOE YyIpaBieHUE
MEXaTPOHHBIMU CHUCTEMaMU» TMOCBSIIEH OTPabOTKE CTyAEHTaMU OYHOM (HOPMBI
OoOy4eHHMsI MPAKTHYECKUX HABBIKOB OCHOB IOCTPOCHHS] MATEMATHUYECKUX MOJEIIEH
JUHAMUYECKHX  TPOLECCOB B JUCKPETHBIX  CUCTEMAaX, HMCIOJIb30BaHUSA
MaTeMaTUYECKUX MOJENIeH MJIsI UCCIEAOBAaHUS CTAaTUYECKUMX M JUHAMHYECKHUX
MPOILIECCOB B HUMITYJIbCHBIX W IU(GPOBBIX CHUCTEMax YIpaBICHUS, pacuera
MapaMeTpoOB KOPPEKTUPYIOLIUX 3BEHbEB M HCIOJIb30BaHUS TMEPCOHAIBHBIX
KOMITBIOTEPOB Ha 3TAlle aHAJIW3a XapaKTePUCTUK ITUGPOBBIX CUCTEM YIIPABJICHUS U
CUHTE3a aJrOPUTMOB YINPABJICHUS YaCTOTHBIMM METOJAaMU U  METOJAMHU
MPOCTPAHCTBA COCTOSIHUM.

JlaGopaTopHBbIil MPaKTUKYM BKJIFOYAET B ¢€0sl OJIMHHAALIATEL paboT.

[lepBas pabora mMOCBsIIEHAa 3HAKOMCTBY C TAaKETOM MOJCIUPOBAHUS
nuHamudeckux cucreM SIMULINK, sBisronmuMcest mpuitokeHneM KOMITBIOTEPHOM

CUCTEMBI MPOBeJIcHUsT MaTeMaTnueckux pacuetoB — MATLAB, u ocBoeHHI0 OCHOB
paboTsl B cpene SIMULINK.



Bropas pabora mocBdlieHa ~ HM3YyYEHUIO  CIIOCOOOB  MOCTPOCHHS
MAaTEMAaTUYECKUX  MOJEIEH JIMHEMHOW  MMIIYJbCHOM  CHUCTEMBI;  aHalau3a
YCTOMYMBOCTH; pacyera IMEPEeXOAHBIX MPOLECCOB; YHUCICHHOMY HCCIIECIOBAHUIO
poCcTENMX UMITYJIbCHBIX CAY.

Tperess paGoTa mOCBAlIEHA  M3YyYEHUIO OCOOCHHOCTEH  aHamm3a
YCTOMYMBOCTH JIMHEWHOW HMITYJIbCHOW CHCTEMBI, OLICHKE BIIMSHHUSA ITapaMETPOB
CAY Ha KauecTBO MEPEXOJHBIX MTPOLIECCOB, UCCIEAOBAHUIO CUCTEMBI.

YerBepTas paboTa TOCBSIIEHA HM3YYEHHUIO OCOOEHHOCTEH YaCTOTHOTO
aHaiM3a JIUCKPETHBIX CHUCTEM, HCCIIEIOBAHUIO OCOOEHHOCTEH MPOXOXKICHHUS
BBICOKOYACTOTHOM TapMOHMYECKOW TIOMEXH Yepe3 JIMHEHHYI0 HMIYJIbCHYIO
CUCTEMY.

[Isatass paboTa 3HAKOMHUT CTYJEHTOB C OCHOBHBIMH  CIIOCOOAMHU
IPOrpaMMHUPOBAHMS, NPUMEHSIEMBIMU Ha TMpPaKTUKE NpH MHepexone oT Z-
NepeIaTOYHbIX GYHKIUNA K KOPPEKTUPYIOIIUM aJITOPUTMAM.

B mectoil pabote paccMaTpHBaIOTCS BOIPOCHl PEATU3ALMHU JTUCKPETHOTO
KOPPEKTUPYIOIIET0 YCTPOKWCTBA B UMITYJIbCHOM CHCTEME C IIOMOIIBIO BCTPOEHHBIX
uHctpyMeHTanbHbIX cpenctB SIMULINK u paspabareiBaeMbix nosib3oBaTesieM M-
GbyHKIHA.

B cenpmoii paboTe paccMaTpuBaeTcsl METOAUKA pacyeTra IapaMeTpoB
NepPeXOAHON MaTPUIBl U MATPULBl KOA((DUIIMEHTOB yNnpaBlIeHUs ISl TUHEHHOTO
00BEKTa TPETHETO MOPSIIKA.

Bocbmas paboTa TMOCBAIIEHA PAacCCMOTPEHUIO METOJUKH CHHTE3a
PEryisATOpa COCTOSHHUSI METOJAMU ITPOCTPAHCTBA COCTOSTHHM.

B neBsaToil pabore paccmaTpuBaeTcss METOJUKAa CHHTE3a HaOIroAaTens
COCTOSIHMSI TIOJTHOTO TMOpsiAKa A JUHEMHOro OObEKTa YIpPABIICHUS IOJIHOTO
HOpsIZIKA.

B necaroit m onuHHanuarod padoTax MPOBOAMTCS AHAIIM3 XapaKTEPUCTHUK
JUCKPETHOM CUCTEMBI C y4€TOM KBAaHTOBAHUSI CUTHAJIOB IO YPOBHIO.

OG61uue TpeboBaHus K 000PYI0BAHUIO:

- HaJIM4Me NEPCOHAIBHOIO KOMIBIOTEPA C MUKPOIPOLECCOPOM HE HUXKE

180486;

- Hanmmume npukiaagHoro nakera MATLAB.



Jlabopatopnas pabota Ne 1
MAKET MOJAEJUPOBAHUSI JUHAMNWYECKUX CUCTEM
SIMULINK

1. HEJIb 1 3AJIAYN PABOThI

[lpenBapuTenbHOE  3HAKOMCTBO ¢ makeTtomM  SimuLink,  wu3yuenwe
TIOCJICI0BATEIBHOCTH TIOCTPOCHHSI MATEMAaTHUECKON MOJICIH JIMHEHHON CHCTEMBI B

cpene cuctembl SimuLink, pacder mepexoIHBIX MPOIIECCOB B CHCTEME.

Il. TEOPETUYECKHWE CBEJAEHNA.

Oo0wmme ceenenus o nakere SimulLink.

[TakeT SimuLink MTO3BOJISIET OCYIIECTBIIATh WCCJICIOBAHKE
(MOJIeTMpOBaHNE) TIOBEACHUS TUHAMUYECKUX JTUHEHHBIX M HEJIMHEHHBIX CHUCTEM.
BBom XapaKTepHUCTUK CHCTEM MPOW3BOJIUTCS B JHAIOTOBOM PEXKHME, ITyTEM
rpaduueckoil COOPKU CXEMbI COCTMHEHHM AJIEMEHTAPHBIX CTAH/IAPTHBIX 3BCHBEB.
B pesynbTaTe Takoi cOopku 00pa3yeTcs MOJIeTb UCCIEAYEMO CUCTEMBI, KOTOPYIO
B JalbHeWmeM OyaeM Ha3blBaTh S- MOJEIbI0. Mojenb XpaHuTcs B ¢aine ¢
pacmupenrem .mdl.

Co3panue moxmeneid B makere SimuLink ocHOBaHO HaA WCIOJIB30BAHUU
texHosnoruu Drag-and-Drop (tamm u otnyckaid) . B kauecTBe «KHPIUYUKOBY IS
MOCTPOCHUSI S- MOJEIH NPUMEHSIOTCA MOIYNU (WU OJIOKM), XpaHsIiiuecs B
oubimoteke SimuLink. JlrobGas S- Momenb MOXKET HUMETh HEPAPXUUYECKYIO
CTPYKTYPY, T.€. COCTOSITh M3 Mojelied 0ojee HU3KOTO YPOBHS, MPUYEM YHCIIO
YpPOBHEW HeEpapxXuu TMPaKTUYECKH HE OrpaHW4YeHo. B xoxe MopenupoBaHUs
UMEeTCs BO3MOXKHOCTh HAOJIFOIAaTh 3a MPOIECCaMHU, MPOUCXOAIIUMU B CHCTEME.
JInst  9TOTO  MCTOJB3YIOTCS  CIIENHUANIbHBIE CMOTPOBBIE OKHA, BXOJSIIME B

oubmoteky SimuLink.



CocraB ouommorexku SimuLink MoxeT ObITh MOMOJIHEH ITOJIb30BATEIIEM 34

CYeT pa3pabOTKU COOCTBEHHBIX OJIOKOB.

3amyck makera SimuLink MoxHO TpowW3BeCTHM W3 KOMAHIHOTO OKHa
MatLab, manmpumep, mpu TOMOIIHM COOTBETCTBYIONICH MMHKTOTPAMMBI B TAHEIH

UHCTpYyMEHTOB (puc.1.1).

) MATLAB Oxno ynpaenexun _ O] x|

Fain [Npapka Orao 7

WL

=
flospo noxaAceate B MATLAB *
YTo6W HaYaTk paGoTY HAGEPHTE CA
49 WHOOPMALMH 0 NPOAYKTAX, HacepyTe tour WaW nocetuTe www.mathworks.com.
>3 -
AN

[T

\ Bbl2oB NakeTa Simulink

Puc.1.1.

[Tpu 3amycke SimuLink otkpsiBatorcs aBa okHa (puc.l1.2):

- okHo Library: simuLink — ¢ mepedHeM OCHOBHBIX pa3ziciioB

oubimorexku SimuLink;

- nycroe okHo untitled (3aroroBka juist co3naHus HOBO#M S-mMoenHy,
MDL-aiina, nim cXeMHOTO U300paKEHUS MOJIEITHPYEMO

CHUCTEMBI).



| thrary simoalink . ;lﬂlil

File Edit “iew Simulation Forma:  Teols

A7 Lgm 4/ i~
N | AR

Saurcar S nle Discrata Linaar Manlinaar Connections

Blocksex= & Simul nk Block Librane 2.2
Toolboes Copyright (€1 1990-19593 by ~he hathWueds, Inc.

Demos

untitled - O] x|

Cil= Cdt  “iew Simulation Tormat Tools

[Dlcea[veEe= ] =

FoTcen 0xlgd5 4

Pabouee mosie

Puc.1.2 .

O0a OKHa MMEIOT CXOJHYIO CTPYKTYPY M COJICP)KAT CTPOKY MEHIO, HaHesb
MHCTPYMEHTOB U paboyee mnoJe.

bubmmoreka momynert (6mokoB) SimuLink  mpezacrasiasier coGoi Habop
BU3YaJIbHBIX OOBCKTOB, SIBIIAIONIMXCS CTATHYCCKUMHM WM JTUHAMHYCCKUMH
3BEHBSMHU CHCTEM YyIPaBJICHUS, HCTOYHUKAMHU WU MPUEMHUKAMHU CUTHAJIOB U T.JI.
[Mpu momomu moayiaeit SiMuLink  MOXHO COCTaBIsATh OJOK CXeMy JHO0ro
YCTPOMCTBA, MyTeM MepeHoca UX B pabouee Mojie W COCAMHEHUS MEXIY COOOi
(bYHKIIMOHATBHBIMHU CBSI3SIMH.

Hamnpumep, ctpykrypHoii cxeme nuneinoit CAY, oroOpaxenHoit Ha puc.1.3
COOTBETCTBYeT Mojnenb B cpeae SimuLink ( S- momens), mpeacraBiieHHas Ha

puc.1.4.



+ 10 1

v

0.001*p?+0.1p+1 p
Puc.1.3.
I*I |
CropocTe
1 —+ 10 1 ]
_ ————— — —
Constant 0.00152+0.15+1 s
Sum Trancter Fon Integrator Yron
Puc.1.4.

bubnuoreka 010k0B pazduta Ha cemb paznenoB. lllecTs U3 HUX ABISAIOTCS
OCHOBHBIMH 1 HE MOT'YT U3MEHSATHCS 0JIb30BATEIICM:
e SOUICeS — HCTOYHHKH;
e Sinks — mpueMHUKY;
e Discrete — quCKpETHBIEC AIIEMEHTHI;
e Linear — nuHelHbBIE DIEMEHTEI;
e Nonlinear — HeauHEHHBIE DJIEMEHTEHL;
e Connections — cBs3u (COCTUHEHNU).

Cennmoii pasnen Blockets & Toolboxes (Habopsl 0J10KOB U HHCTPYMEHTBI) —
COJICP)KUT OJIOKH, CO3JaHHBIC IIOJb30BaTEIeM M BKIIOYCHHBIE B pabOuyro
KOH(HUTypaIuo nakera.

OOmwmii Bun Gioxo O6ubimoreku Library: simuLink mokazano Ha puc.l1.2.
Kaxnapiii 6710k OMOTHMOTEKH PacKpBIBACTCS JBOMHBIM IIETYKOM IPAaBOM KHOITKU
«MBIIIIKWY TTOCJIC YCTAHOBKH €€ YKa3aTessl Ha COOTBETCTBYIOMINK OJIOK. PackpeiToe
noJie 6JIOKOB SOUICeS (MCTOYHMKH) MToKa3aHo Ha puc.l.5.

AHAJIOTUYHO PaCKpPBIBAIOTCS MMOJIS M APYTHX pasaesioB oudanoreku Library:
simuLink. Oomuit Bux moseit Sinks, Discrete u Linear nmokazans! Ha puc.1.6 a,0

U B COOTBECTCTBCHHO.



BpI30B pa3zena «MCTOYHUKI
rmakera SimuLink Coneprxanue
/ pasjeiia «KMCTOTHHUKI
/

Library: simulink
Fil=  Edit /

Library: simulink/5ourc.__ [ =]

Eil=  Edit “iew Sigfulation  Format n Es
R:T‘ﬁ \“S’*": i[ei) |
= — = o In1 Ot
w | Fe i,

Sources Sil oooo lar Cannections
Blocksets & Constant Signal Step Dremog
Toolboxes [ Ganarator

Famp Sine Wave Fepeating

Sequence
T A

Discrete Pulse Fulse Chirp Signal
Generator Generatar

C|_>> 12:349

Clock Digital Clock

=

untitled.mat [T.U]

From File From
MirodEpace

11l Y] S [

Ranmdom Unpiform Random Band-Limited
Humber Humber White Moise

Puc.1.5.



Library: simulink/Sinks M= 3 Library: simulink/Discr__. [8[s] Library: simulink/Linear [ [=]
: — —_— File  Edit Miew Simulation  Format File Edit “iew Simuletion Fomat
File  Edit iew Simulation Tl = =T LR = 8
2ol Tools
Format  Toole
1 T ~
= =1 1 »
] @l Unit Delay : . +
Dizcrete-Time Gain cum
Integrator
Scope
A Graph J-Ll_ e ; ;
Zero-Order First-Order S st
Ijl Hold Hald Integrator Transfer Fen
Drizplay Wi Gl D)
s TE fed i Buln) ® = foctBu =1
- = CxtDu
. . Discrete State-Space siz+1)
untitled.mat simout State.Space ZeroFole
1 1
ToFile To Wakspace 14321 06 durdt .
Driscrete Filter Driscrete —
Transter Fon Derivative Dot Praduct
=0 K 1
Stop Simulation =05
Discrete I atrix Slider
Zaro-Pole 3ain 3ain

a) 0) B)
Puc.1.6.

[Ipu BeIMOMHEHUHU 1a00paTOPHBIX padOT Mo Kypcy «KoMmbroTepHoe
yIpaBJIeHHE» MOTPEOYIOTCs Cileayrolire 0J0ku u3 oudauoreku Library:

simuLink:

Paznen Sources:

- Constant — cTymeHYaTbIii CHTHAM C yCTaHABIUBAEMOM
aAMIUIATY]ION ;

- Sine Wave — rapMOHWYECKH i CUTHAI C 33/1aBaMbIMU

rapaMeTpamH.

Pasgen Sinks:
- Scope — Moaynb «ocuuuiorpady UCIOMb3yeTCs s

O0TOOpaKEeHUSI pe3yIbTATOB PACUETOB.

Pasxen Linear:

- Gain — nuHeHOoe nepeaTOYHOe 3BEHO;

10



- Transfer Fcn — onpeneneHue nmepenaTouHow GyHKIANA
JTUHAMHYECKOTO 3BCHA;

- Integrator — nneanbHOE HHTETPUPYIOIIEE 3BEHO;

- Sum — 3BeHo-cymMmMarop.

Paspnen Discrete:

- Zero-Order Hold — skcTpanoastop HyJIeBOro mopsiaka.

Kaxxnoe 3BeHO miepeHOCHTCS Ha pabodee TIOje IIyTeM BBITOJHCHUS

CIICYIOIINX OTEPAITHN:

- PACKPBITHS COOTBETCTBYIOIIETO pasiesia OnOInOTeKH;

- YCTaHOBKH YKa3aTesIs «MBIIIKI» Ha TPEOYEMBbI MOJTYJIb;

- 3axBaT MOJYJISl OCYIIECTBIISICTCS HAKaTHEM Ha MPaBYIO KHOTIKU
«MBIIIKNY;

- TIEpeHOC MOYJIS Ha pabodee mosie U GUKCaIUs ero myTeM
OTITYCKaHUS TIPABON KHOTIKU «MBITITK;

- KOPPEKUHs TapaMeTpOB MOTYJIS.

Koppekmusi mapaMeTpoB MOy OCYIIECTBISICTCS ITyTeM JIBOHHOTO
IIeJTYKa Ha TMPaByl0 KHOMKY «MBIIIKW» TIIOCJIE YCTAaHOBKM yKas3aTels Ha
COOTBETCTBYIOIIUI MOAYb. [Ip 3TOM packpeiBaeTcst oJie mapaMeTpoB MOTYJIs, B
KOTOPOM M HEOOXOUMO MPOU3BECTH COOTBETCTBYIOIINE N3MECHEHUSI.

[Tocne pasmemienns Ha HAOOpPHOM TIOJIe HEOOXOIUMBIX MOIYJEH W
YCTAaHOBKH TMAapaMETPOB, OCYIIECTBISETCS COCAMHEHUE BXOJOB M BBIXOJOB
MOZYJIEW B COOTBETCTBHUH CO CXEMOM MOJENUPYEMOU CHCTEMBI.

3amyck  mpolecca  pacyera  JHHAMHUYECKOTO  COCTOSHUS  MOJEIH
OCYIIECTBIIIETCS BRIOOpOM B MeHIO Simulation komanmer Start. Jlns mpocmotpa
pe3yIbTaTOB MOJICIUPOBAHUS HEOOXOAWMO TPEABAPUTEIHLHO BBECTH B MOJIEINb
Moy SCope. B mporiecce BhIYHMCICHHS OKHA MOJIyJieH SCOPE pacKphIBAIOTCS
TaKXe JBOWHBIM IIEIYKOM TIPABOW KHOINKH «MBIIIKW» TIOCIEC YCTAHOBKH €€

yKazaress Ha COOTBETCTBYIOUIMI Moayib. [lpumep HabopHOTO mojsi co cxemoi

11



MOJENIM CHUCTEMBI, 3aJJaHHOM CBOEW CTPYKTypHOHl cxeMol (puc.l.3) 51

pPacKpbITBIMU OKHAMU MOJyJIell SCOpe mpuBeaeHs! Ha puc.l.7.

=10l x|

Fle Edt “ew Simulation Format Tools

L E R

-

CropocTe

1
=1, » R N [

Constant — 0.0015 240, 1541 s
Sum
Transfer Fon Integrator ¥ron

¢ Cropocte -10] x|

25 2| BE - | &l prrr—

Time offzet: 0

Puc.1.7.

BBenenue B CTpYKTypy CHCTEMBI 3B€HA C OrPAaHUYCHUEM AaMILIATY]IbI

BBIXOHOTO curHaia (puc.1.8).

— >

Satmton

Puc.1.8.
[Tpumep HaAOOpHOTO TMOJSI CO CXEMOW MOJIEIH CHCTEMBI C yYeTOM

OTpaHNYCHUA aMININTY/Ibl CUTHAJIa IPEACTABJICH HA PHC. 1.9.

12



Step
1 1
" ) ol 1 [
0.001s=+0. 1541 s
Manual Switch AN Samtion C————— Integrator Scoped
Sine Wawe
Puc.1.9.

Cosnaﬂne MOACUCTEMBI MYTEM I'DPYIIIMPOBKU CYIIECTBYOIIIHNX 0JIOKOB.

PaccmoTpuM  mOpSOK  CO3MaHMST  MOACUCTEMBI U3 OJIOKOB  yKe
chopmupoBaHHOUW Mojenu. Eciu OoK-cxema yx e COJEPKUT OJOKHU, KOTOpbIC
HYKHO OOBEMHUTH B TIOJICUCTEMY, TO TIOCIIETHIOI0 MOKHO CO3/1aTh B pe3yjbTaTe
BBITIOJTHCHUS CIICAYFOIIHX IaroB:

1. BeienuTh MpU MOMOIIM PaMKH OJIOKA W COCAWHSIONIME WX JIMHHH,

KOTOpBIC HY)KHO BKJIFOYHMThH B COCTaB nojcuctemsl (puc.1.10).
2. Breiopats koMmanay Create Subsystem (co3mare mojcucTeMy) U3 MEHIO
Edit (npaBka). B pesymbrate SimuLink 3amMeHuT BbIAeICHHBIC OJIOKH

omHUM Osiokom Subsystem (puc.1.11).

|
Scopel
Step
1 1
) > 2 > oo >
0.001:=+0.15+1 £
Manual Switch Fain Sauaton Trarator For Integratar Spoped
Sine Wawe
Puc.1.10.

13



File Edit View Simulation Format  Tools  Help

O =ES

Scopel
Step
Qutl

In1

Manual Switch

Subzystemn

Sire Wimwe Scopel

b ¥
Ready 100%: oded5

Puc.1.11.

YroObl yBHAETH OJIOK-CXEMY CO3JaHHOH IOJICUCTEMBI CJICIYET JBaXKIbI
HIeTKHYTh Ha Oyioke Subsystem (puc.1.12). Kak BuaHo m3 pucynka, SimuLink

no6aBui B Oyok-cxemy Osioku 1IN u Out, npeacrapisionine BX0Abl U BBIXOJIBI B

CUCTEMY BBICHICTO YPOBH:I.

I_l.

Cutl
1
C b ™ O001eE0 Ter ik

In

Fain Sammaton Integrator
Transfer Fon |

Puc.1.12.
Jist 3amaHuMs MapaMeTpoB CHOPMUPOBAHHOM IMOACHUCTEMBI HEOOXOIUMO

BbI3BaTh OKHO PEIaKTHPOBAHUS IMapaMmeTpoB KomOuwHanwmed kiasum <Ctrl/M>
(puc.1.13.).

Mask Editor, : Subsystem El@@

Mask Editor, : Subsystem E”E‘E‘

Iron & Parts ‘ Parameters | Initislization = Documentation

Icon & Ports| Parameters | Initiglization | Documentation

GOptions Icon Drawing commands T ———

Prompk. Yariable Type Evaluate  Tunable
Ky 3 edit v |
Qgranichenie um | edit | |

Wisible:

Icon Transparency

Opague

2
E)
3
<
« [ [x] [¥]

g

g

c

g
I I

Autoscale
Tron Rotation
Fixed

I

Port Rokation

Defaulk v

Options for selected parameter

In dislo:
Examples of drawing commands L

Dislog callback:
Command | port_label ([label specific ports) v

Syntax  port_label('output’, 1, "xy’)

Puc.1.13. Puc.1.14
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Hanee cnexyer oTkpbITh 3akianky «Ilapamerpe» (puc.l.14) u nmposecTu

penakTupoBaHue (BBOJ) HEOOXOIUMBIX apaMETPOB.

Ilocne BbIMOJHEHUS YKaSaHHOﬁ mpoucaypsl, IMpu aKTUBAIIUHU ITOACHCTCMBI

JBOMHBIM IIIEITYKOM BBI3BIBAETCS OKHO BBOJIA IMapameTpoB (puc.l1.15).

Subsystem {mask)

Parameters

Ky

L] Function Block Parameters: Subsystem

10

Ogranichenis

s

Postojannaja wremeni T1

0.1

Postojannaja wremeni T2

[o.001

[ o

H Cancel ][ Help

Apply

Puc.1.5.

Cxema MOJCIUPOBaHNA C BBCIACHHLIMH IIapaMCTpaMM IIPCACTABJICHA Ha

puc.1.16.

E! Lab_1/5ubsystem

File Edit Wwiew Simulation Format Tools  Help
O =ES | £2 » |3EI |N|:urmal
—»{ 1 )
Cutl
1 1
1 - 2
() O b ™ T2.224+T1.2+1 ™ s
I iSaj Satmation Integrator Q=
=n A= Transfer Fon g
Ready 100%: odeds

Puc.1.16.

Beixoa u3 cpeapl  SimuLink ocyimecTBasieTcss myTeM 3aKpbITHS TIIaBHOTO

okHa nmakera MatLab.
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CoxpaHeHHE MOJENH BBITIOTHIETCS MyTeM BBIOOpA KOMaHIbl Save as... B

mento File. Tlpu sToM HEOOXOMUMO TPEABAPUTEIHHO YCTAHOBUTH MAMKYy IS

COXpaHCHHS S-MOJIesICH.

1. 3AJAHUE HA BbIIIOJIHEHUE.

e (CwMmopenupoBaTh pabOTy CUCTEMBI, CTPYKTYpHAsi CXeMa KOTOpPOM MpuBeieHa Ha

puc.1.3.

e Bgectu OT'PAaHUYCHUC aMIINIMTybl CHI'HAJIa HAa BBIXOJC osoxa Gain.

e CdopmupoBaTh MNOACUCTEMY MOJEIUPOBAHUS U ONPEIEIUTh MNapaMeTpbl

00BbEKTa yIPaBJICHUS U YIPABISIONIEH CUCTEMBI.

L HOJ'IyLII/ITI) OT IIpCIiogaBaTciiAi HOMCP BapHuaHTa C IIapaMCcTpaMu HepezxaTquOﬁ

byHKIMM ~ BTOpOro mopsiaka W KoddduimeHTa nepenadyd pasoOMKHYTOTO

KOHTYpaA.
Howmep [Tapametp T1 [Tapametp T2 K
BapUaHTa
1. 0,0004 0,022 10
2. 0,0009 0,018 15
3. 0,0001 0,015 8
4. 0,0016 0,02 11
S. 0,0025 0,01 20
6. 0,0036 0,018 15
7. 0,0049 0,021 11
8. 0,0004 0,018 10
9. 0,0009 0,033 7,5
10. 0,0001 0,005 15
11. 0,0016 0,06 9
12. 0,0025 0,015 11
13. 0,0036 0,012 16
14. 0,0049 0,021 12
15. 0,0009 0,018 2
16. 0,0016 0,02 3
17. 0,0036 0,018 4
18. 0,0049 0,021 5
19. 0,0004 0,012 6
20. 0,0001 0,005 7
21. 0,0016 0,06 12
22. 0,0036 0,012 11
23. 0,0049 0,021 20
24, 0,0004 0,012 5
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OnpenenuTs XapakTep 3BEHA (AlepUOIMYECKOE 3BEHO BTOPOTO NOpPsJIKa,
KoJiebaTebHOEe 3B€HO, KOHCEPBATUBHOE 3BEHO).

[TocTpouTh acUMITOTHYECKUE JIOTapu(PMUUYECKHE aMIUIMTYIHO-(pa30BbIe
YaCTOTHBIE XAPAKTEPUCTUKHU PA3OMKHYTOI'O KOHTYpA.

C mnomompo uHCTpyMeHTOB MatLab mnonyuuts JIADUX pa3zoMkHYyTOTrO
KOHTYpa.

CpaBuutb acumnrorudyeckue JIAOYX u pacuernsie JTIAOUX.

OueHuTh yCTOMYUBOCTh CUCTEMBI.

PaccunTarh epexoaHbIN MPOLECC B CUCTEME

IV. OTUET

Otuer JOJDKCH COACPIKAaTh.

® CTPYKTYpHYIO CXEMY CHCTEMBI,

¢ cOopMHPOBAHHBIE CXEMBI MOJICIIUPOBAHUS,

® JMarpaMMbl CHTHAJIOB Ha BBIXOJIC CUCTEMBI,

® KpaTKOe ONMUCAHHE OCHOBHBIX HMHCTPYMEHTAJIBHBIX CPEICTB CPEJbI
SimuLink, ncnosip30BaHHBIC TIPU BBITOJHEHUH PA0OTHI;

e HOMEp BapHaHTa U 3aJaHHbIC TapaMEeTPbl TUHAMUYECKOTO 3BEHA;

® TIepexoJ K TUTIOBOMY 3BEHY BTOPOTO MOPSKA,;

e acumnrorudeckue JTADOUX;

e JIADYX, paccuuTaHHBIE C IMOMOLIBIO PACUYETHBIE HHCTPYMEHTOB

MatLab.

17



V. KOHTPOJIBHBIE BOITPOCBI

Kakne  Bo3moxkHoctu  mpemoctaBisger  cpeaa  SIMULINK g
MOJCIIUPOBAHUS UMITYJIBCHBIX CUCTEM?

Urto takoe S- pyHKIMS ?

Uto Takoe M-pyHKIMA?

Kakum 00pa3oM oOCyIIecTBISCTCS BU3yaHM3allds Pe3yJIbTaTOB pacyeTa B
cpene SIMULINK?

Kakum oGpazom GopMUPYIOTCS TOACUCTEMBI MOACIUPOBAHUS M 331aF0TCS

UX TTapaMeTphI?

18



JlaGopaTtopHas pabota Ne 2
AHAJIN3 JIHTHAMUWKH UMITYJIbCHOM CUCTEMBbBI

1. OEJIb U 3AJJIAYUA PABOTDI

N3ydenne crocoOOB TOCTPOCHHUS MaTeMaTHYeCKOM MOJACIHM JIMHEHHOMN
MMITYJIbCHOM CHCTEMBI; aHAJIN3  YCTOMYMBOCTH; pacyeT MEPEXOAHBIX MPOILIECCOB;
AKCIIEPUMEHTAIIBHOE UCCIIEIOBAHUE MPOCTEHIINX UMITYIbCHBIX CAY ¢ MOMOIIBIO

HaKeTOB MoJienupoBanust SimuLink.

2.TEOPETUYECKUE CBEJAEHUA
CrpykTypHas cxema OJHOKOHTYPHOW JIMHEWHOW WMIYJIBCHOW CHCTEMBI

npenacrapiieHa Ha puc. 2.1.

f e* y
L W(p)

v

Puc. 2.1.

[Ipy  omucaHuM  JUHEHMHBIX  UMMOYJbCHBIX  CHUCTEM  HauOOJIbIIIEE
pacnpocTpaHeHHE TONYUUITU Z- TIepeIaToOYHbIe (DYHKIINH, MPECTaBISIONIMe COO0M
OTHOIIIEHHE Z-TIpeoOpa3oBaHUs BBIXOJHOM BEJIMYHMHBI K Z-MPEeOOpPa3OBAHUIO
BXOJIHOM BenuunHbl. Tak z- nepenarounas pyukius W(Z) pa3oMKHYTOH CHCTEMBI,

COOTBETCTBYIOIIEH puc. 1, onmpeaenuTcs Tak:

Zyy[kt]y Yz
wie)= Z{{Z[ktt]}} - EEZ))

Z- nepegaToyHas (PyHKIMS 3aMKHYTOM CUCTEMBI OIPEACIISIETCS BIPAKECHUEM:

Zyy[kt]y Yz
o) P
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KnroueBbIM MOMEHTOM TIpH  MAaT€MaTUYE€CKOM ONHWCAHWHM  JIMHEWHOU
UMITYJIbCHOM CHUCTEMBI SIBJISIETCS OIpEACNICHHe Z - TepeaaTodyHor (yHKIUU

Pa30MKHYTOM CUCTEMBI MpeCTaBjiIeHa Ha puc. 2.2.

e e* y

Puc. 2.2.

I[JISI TaKOW CXEMbI Z- nepecaaTodHasn (I)YHKHI/IH, KaK IIpaBHJIO, OIIPCACIIACTCS

KaK pe3ylbTaT npuMeHeHus D; — mpeoOpa3oBaHus K NEPENaTOYHON (YHKIMU

W(p) npuBeAeHHOW HEMPEPHIBHOM YacTH, T.€.

W(z)=D:{W(p)}

[Ipusenem tabmuiy 2.1. D:- npeobpasoBanus s HEKOTOPBIX (DyHKIMIA

W(p)

Tabmuma 2.1.

W(p) W(z)=D.{W(p)}

1 oz

p z-1

1 i ’ d — e—aT
p+a z-d

1 Tzd
- e ’ d — e—aT
(p+a) (z—d)

Tax kak D; - npeobGpasoBanue 00NamaeT CBOMCTBOM JIMHEWHOCTH, TO B
cinyyae, ecinu W(p) — ciioxkHoe ApoOHO-paIIMOHAIBHOE BBIPAXKEHUE, BHIYUCIICHUE
COOTBETCTBYIOIIEH Z- mepeaaTouHol (yHKIIMU MOKHO MPOBOJUTH B CIEAYIOIICH
MOCJEI0BaTENbHOCTH:

1. Tlepenarounyto ¢pyukuuto W(p) paznoxuth Ha pocTeuime 1poou:

W(p)=W,(p)+W,(p)+...+ W.(p)
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2. Jlna xaxnoit npocreimeii npoou Wi(p), i=1r u3 tabnuusl Haiitu D, -

npeobpazoBaHue, T.€.

Wi(z)=D.{W(p)} , i=1r

3. Tlo Teopeme muueiinoct D:- npeobpasoBanue 3anucarh
W(z)=W,(z)+W,(z)+...+ W.(2)

PaccmoTpum  cimydail, Korga B COCTaB HENPEPBIBHOM YacTH BXOJHWT

HKCTPAIOJISITOP HYJIEBOIO OPSIKA, T.€.

- TpoOHO-panoHanbHast QYHKITHUSI.

W(z)= Dz{l_ e’ A(p)}

p  Bp)

¥ TaK B COOTBETCTBUM CO CBOMcTBaMu D: - peoOpa3oBaHus MHOXKUTEID
1-e™=1-27"

MOYET OBITh BbIHECEH 3a 3HaK D:- nmpeobpazoBanusi, TO

W(z)=(1- Z‘l)DZ{\N"(p)} —(- z‘l)Dz{ Alp) }

p pB(p)

3meck mox 3HakoM D:- mpeobGpazoBaHus CTOMT APOOHO — palMOHATIBHAS

A(p)

bynkuus. Onpenenun DZ{B(p)} UCIIONB3Ysl PAa3jIOKEHUE Ha MPOCTEUIINE
p

JIpoOH, MOKHO HAlTH Z- EpeIaTOYHYIO (PYHKIMIO PA30MKHYTON CUCTEMBI.

B obOmem cnyuae ans ompeneieHus Z- MepeaaToyHOM (DYHKIIMM MOXKHO
MCMOJI30BaTh 3aBUCUMOCTh

z-18 1 Z
W(z)=—=>) Res =W,(S
@)= "3 s) |
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rae Si, Sy, ...Sy- momrocel pyukun 1/s*Wy(S).

[lepenarounass GyHKIMS 3aMKHYTOM CHUCTEMBbI, M300pa)keHHON Ha puc. 1,

ompezensieTcs mo Gopmyse

rne W(z)- nepenarounast GyHKIUSI pa30MKHYTOH CUCTEMBI.
YCTOMUMBOCTE JIMHEWHOW CHCTEMBI C TepenarouyHod QyHkiuern D(z)

3aBUCUT OT 3HAYCHUM KOpPHEW COOTBETCTBYIOIIETO XapaKTEPUCTHUYECKOTO

ypaBHeHus. [lycTp (1)(2): E):Ezg’ C(z) u D(z) muorousensl. Torma ypaBHeHHE
z
D(z)=0

OyneT XapaKTepUCTUYECKUM YpaBHEHUEM UMITYJIbLCHOM CHUCTEMBI M ISl €€
YCTOMYMBOCTH HEOOXOAUMO U JOCTATOYHO, YTOOBI:
1. Bce KOpHU ypaBHEHHS YJOBJICTBOPSIN YCIOBUIO

\Zi‘ﬁl , j=Ln , n-cmrmens D(z)
2. KOPHU C €IMHMYHBIMH MOJYJISAMH OBLUIH IIPOCTBIMH.

Jlnist pemieHust Borpoca 00 yCTOMYMBOCTH B MPOCTEUILEM CIydyae MOKHO
pelIuTh XapaKTepUCTHUECKoe ypaBHeHHE. B maHHON paboTe mnpenmosaraercs
peanu3anus UIMEHHO TaKOro noaxoaa. Eciu e cucrema MMeeT BBICOKAN MOPAJIOK,
TO CIEAYET UCTOJIb30BATh KPUTEPUU YCTOUUHUBOCTH.

PaccmoTpum 1TOCTpOEHHE NEPEXOAHOTO IPOLECCa B MMIYJIBCHOM CHCTEME.
[Tonoxum MJIsI IPOCTOTHI HayalbHBIE YCIIOBUS HYJIEBbIMU. TOrna 3Has BXOJIHOU

curnai f(t) u coorBeTcTBytOMIYIO hyHKIHIO f[Kt], Haiimem

F(z)=z{f[kt]} u Y(z)=d(z)-F(2).
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Beixognast Benwumua Y[Kt] ompemenmurcs mo ¢opmyne obOpaTHOro Z-

npeoOpa3zoBaHus

Jlkl= Y Res v(2) 2| = T Res w()F(2)2

Zj

[TomyueHHOE TakuM OOpa3oM  BBIPAKEHUE 3a/aeT  AHAIUTHYECKYIO
3aBUCUMOCTb Y OT JIUCKPETHOTO aprymenrTa K.
MeroguKy YHMCIEHHOro pacyera IpoueccoB B umnylbcHOM CAY

npowuTrocTpupyeM Ha npumepe. [lycts nepenarounast pyukius O(z) umeeT BUA

az+b
d(z)= 5
@) z°+cz+d

IlepeliteM K pa3sHOCTHOMY YPaBHEHUIO, CBA3BIBAIOIIEMY BBIXOJHYIO W
BXOJHYIO ITlepeMeHHble. Imeem

Y(z) az+b

F(z) z°+cz+d

YMHOXKEHUI0 M300pakKeHUsI Ha Z COOTBETCTBYET CMEIIEHUE Ha TAKT apryMEHTa

opurrHaia. C y4eToM 3TOT0 MOJIYyYHUM YpaBHEHUE

vk + 2]+ cy[k + 1] + dy[K] = af [k +1] + bf [K].

Perirast ero yuciieHHO, MOTy4YUM Tpoiiece Ha Bbixoje cucteMsl Y[Kt].
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I11. OBBEKT UCCJIEJJOBAHUA

CtpykTypHas cxeMa UccienyeMoi CUCTEMBI IPUBEIeHa Ha puc. 2.3.

AND
f e |1 u Y

Tp+1

v

K2

Puc. 2.3.
3nece T1=T=1c, k=4
B pabote wucnonssyercs mnaker MATLAB, ¢ mnoMomipio KOTOpOro

MOJCIUPYCTCS JaHHas CUCTEMaA.

IV.3AJAHUE HA PABOTY

[TonyynTh MaTeMaTHUYECKOE OMUCAHUE CUCTEMBI: Z-TIepeaTOUHbIe (PYHKIIUU
Pa30MKHYTON U 3aMKHYTOW CUCTEMBI, PA3HOCTHOE YPABHEHHE, CBA3BIBAIOIIEE BXO/
f BBIXOZ y CHCTEMBI, MPOBECTH HCCIICAOBAHUEC YCTOMUMBOCTH M ONPEACIHTH
JMana3oH 3HaueHWi K, cooTBeTcTByMOmMX YycTonuuBocTH CAY; MOCTPOUTH

HepeXOI[HBIﬁ MMponecC,; MpOBECTH YUCJICHHOC NCCIICA0OBAHNEC CUCTCMEI.

V. ITOPAIOK BbIIIOJIHEHMA PABOTHI

PacueTtHas yactp
1. CocTaBuTh CTPYKTYpHYIO CXEMY CHUCTEMBI, packpsiB AND kak
nocieaoBaTenbHoe coenuHenue MMD u skctpanonsaropa.
2. 3amucath B 0OLIEM BHJE Z-TIEPEAATOUYHYIO (PYHKIMIO Pa3OMKHYTOU
CAY.
3. 3ammcaTh BBIPOKEHHUE IS TEPEAATOYHOM (PYHKIIMHM 3aMKHYTOM

CHCTCMBHI.
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Boruncnuth z-nepenatounyro ¢yHkuuio 3amkHyTo CAY, cumTtas
koo dunments K; , K, mapamerpamm cucremsr.

OmnpenenuTh TpeOOBaHMUs, HAKIaAbIBacMble Ha K0dhdurmenTsr K; , K,
u3 ycinoBusi ycrounBoctu CAY. Ilpu 3amanHom ki = 4 Haiitn
IWana3oH  3HaueHW  koddpduunmeHta  K,,  COOTBETCTBYIOIIMIA
YCTOMYMBOCTH CHCTEMBI M MAKCHMAJIbHO BO3MOXKHOE 3HAUCHUE Koy,
IIpu k;=10, f(t)=1(t), k=oka, (0 3amaercs TIperojiaBaTesieM)
paccuuTaTh  MEPEXOJIHBIM  Mpolecc, IMOJyYUB  aHAJIUTUYECKHUE
3aBUCUMOCTH JIJISl BBIXOZA CUCTEMBI.

3anucaTh pa3HOCTHOE ypaBHEHHE JUCKPETHOW CHUCTEMBI OTHOCUTEIBHO

y[kt], f[kt] u mpoBecTu ero yncieHHOE pelIeHue.

MopenupoBaHue MPOIECCOB B HCCIETyEMOM CUCTEME.

1. CocraBUTh cXe€My MOJEIUPOBAHUS UCCIIEYEMOW CUCTEMBI B CpeJie

SIMULINK non ynpasnennem MATLAB. C 31oii 11€71610 BBITIOJIHUTH

CHEYIOIINE JCUCTBUS:

1.1. 3amyctuth maket SimuLink.

1.2. OtkpwiTh pasgen Oubmuorekn SimuLink ¢ wucmounukamu cuenanos

(Source), HaxkaB Ha COOTBETCTBYIOIIYIO MUKTOrpaMMy B okHe «Library».

1.3. BpiOparh ykazaTeneM «MBIIMIKH» HCTOYHUK TIOCTOSHHOTO BXOIHOTO

curaana («Constanty) u mepeHecTH ero KOMHI0 B IOJIE MOJICTUPOBAHHMS

(oxHO «untitled», koTopoe Moka 6¢3 He UMEeT CBOCTO Ha3BAHUS ).

1.4. AHanOTUYHBIMU JIEUCTBHUSIMU TIEPEHECTH B T0JIE MOJEIUPOBAHUS OJIOKH,

HeoOXoIMMBbIe 17151 (HOPMUPOBAHUSI 33TAHHOU CTPYKTYPHI:

uz pazoena «aunelnvle snemenmoly (Linear):

- CyMMmarop;
- anepuoJMYECKOE 3BEHO;

- 0e3uHepLUUOHHOE 3BeHO (KO3 (ULIMEHT nepeaadyn 0OpaTHOM CBS3H).
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u3 pasoena «ouckpemuwle s1emenmoly (Diskrete):
- BKCTparnossITop HyseBoro nopsiaka ( Zero-Order Hold).
u3 pazoena «npuemHuxuy (Sinks):

- ocrutorpad (SCope) s mpoCcMOTpa PE3yIbTaTOB MOJICTUPOBAHMUS.

1.5. PacnonioxuTh OJOKH B COOTBETCTBUM C MX MECTOM B HCCIIETyeMOMU
cucteme. [lepemenienue OJIOKOB OCYIIIECTBISIETCS YCTAHOBKOM yKa3aTens
«MBILIKW» Ha COOTBETCTBYIOIIMI OJOK M 3aXBaTOM €ro MyTeM Ha)XaTHs
MpaBod KHONKU «MBIIIKKW». [lanee ONOK mepeMemaeTcss B HYXHOM
HanpapieHuu. [lpu 3aHATMM UM  >KelaeMoro Mecta B  MOJIe
MOJEIUPOBAHUS MPaBasi KHOIKA «MBIIIKW» OTITYCKAeTCS.

1.6. Csi3aTh yCTaHOBJICHHBIE OJIOKM MOJIETUPOBAHUS MEXIy coboil. C sToi
LEJBI0 yKa3aTelb «MBIIIKW» YCTAHABIMBAECTCS HA BXOJ JJIEMEHTA, MpHU
ATOM B HYKHOM MECTE€ NOSIBIIIETCS MEpeKpecThe. Jlanee Ha)xaB IpaBylO
KHOMKUA «MBIIIKKW» BEAYT JIMHUIO K BBIXOAY JJIEMEHTA, SIBISIOIIETOCS
UCTOYHUKOM CHTHaja i paccMarpuBaeMmoro Osoka. IlepeuncneHubie
NEUCTBUSL TIOBTOPSIIOT JJIsi BCeX OJIOKOB cuCTeMbl. B pesynbrare
BBITIOJIHEHUS JTAHHOTO ITYHKTAa W3 Pa3pO3HEHHBIX OJIOKOB (opMupyercs
euHas CUCTEMA.

1.7. YcTaHoBUTH mapaMeTpbl OJOKOB, BXOJSIIUX B CHCTEMY:

OOmmii  anropuT™M YCTAaHOBKM  IApaMETPOB  MPOCTEUIIUX  OJOKOB

3aKIHOYaCTCA B CIICAYIOMICM:

1. ykazarenpb «MBILIKW» YCTAHABIMBAETCS HA COOTBETCTBYIOIINMA OJOK;

2. BblAeNieHHE OJIOKa OCYIIECTBIISIETCS IBOMHBIM MLIEITYKOM MPAaBOW KHOIKH
MBIIIK. BBIMOMHEHNE yKa3aHHBIX MaHUIYJSALUUNA MPHUBENET K PaCKPBITUIO
OKHA MTapaMeTpPOB BBIACICHHOTO 0JIOKa;

3. peAaKkTUpOBaHUE COOTBETCTBYIOIIUX MapaMeTPOB OJIOKa;

4. 3aKpbITh OKHO TTAPaMETPOB OJIOKA IMyTeM «HaxaTus» kHorku Close
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Cxema MOAENMPOBAaHUS JUCKPETHON CHCTEMBI MpeACTaBleHa Ha puc.2.4.

lab_1 M=

File Edit “iew Simulstion Format  Tools

[DzEE s2 = | » =

(-

CHrHAN oWHEEM

1
[ o El ]
Constant -

Sum MK3 P BEIXOA GHOTEME

Y

¥
¥

[oToen | ||:u:Ie45 i

Puc.2.4.

2. Wsmensst xoadduiueHT nepenadn Kp, ONpenenuTh €ro KpUTHYECKOE
3HA4YCHUE, COOTBETCTBYIOIIEE TPAHUIC YCTOHUMBOCTH CHCTEMBI Ko,
(KpUTHYECKOMY 3HAYCHUIO K,cooTBeTCTBYECT BO3HUKHOBEHUE
He3aTyxawonmx  konebanuh B CAY). 3apucoBaTh  kosieOaHus,
CYLIECTBYIOILIUE B CUCTEME.

3. YcranoButh 3HaueHue K=ok, , MOTyUUTh U 3apUCOBATh IEPEXOIHBIN

IIPOIIECC Ha BBIXOIE cUCcTeMbI, cooTBeTcTBYOIMIA T(t)=1(t).

VI. OOOPMJIEHUE OTYHETA

B oruere A0mKHBI OBITH NPENCTABICHBI CTPYKTYpHasi CXeMa JUCKPETHOM
CAY, npoiiecc nofydyeHus MepeaTOuHbIX (PYHKIUN U UX BBIPAXKEHUS, BETUUMHA
Kaxp» YPAaBHEHHE IUCKPETHOH CHCTEMBI, TEOPETHYECKHE MEPEXOIHBIE MPOLECCHI,
cxema MojenupoBaHus auckpetHod CAY, Buja He3aryxarlwmux KoyieOaHuil u

3HaYeHHe Ky, SKCIIEPIMEHTAIIBHBIIN NEPEXOIHbIN Ipo1ece.
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A W o

VIl. KOHTPOJIBHBIE BOITPOCHI
Urto Takoe z- nepenaTouHasi PyHKIUS U KaK €€ MOYKHO MOJTyYUTh?
Kak onieHuTh yCTOMYMBOCTH CUCTEMBI ?

Kak CTPOATCA IICPCXOAHBIC ITPOUCCCHI B cucreme?

Kak OIIPCACIINTD YCTOI‘/’I‘-II/IBOCTI) CUCTCMEBI 110 BHUAY Ha6J'HOI[a€MLIX B HeH

MPOIIECCOB?
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JlabopaTtopHnas pabota Ne 3

AHAJIN3 YCTOMYNUBOCTHU U KAYUECTBA ITPOIIECCOB B
UMITYJIbCHOM CUCTEME

I.LHEJIb WU 3AJAYN PABOTDBI: wu3ydyenue ocoOeHHOCTEH aHaiu3a
YCTOMYMBOCTH JMHEWHOW WMIYJbCHOW CHUCTEMBI; OIICHKA BIIMSHUS IapaMeTpPOB
CAY Ha kauecTBO NEPEXOJHBIX TMPOIECCOB; HCCICIOBAHUE JTUHAMHUYECKHUX
XapaKTePUCTUK M KAYECTBA MEPEXOHBIX MPOIIECCOB CUCTEMBI C MCIIOJIb30BaHUEM

CIICOUAIM3BUPOBAHHBIX IMPOIPAMMHBIX ITAKCTOB.

2.TEOPETUYECKUE CBEJAEHMA

CocTaBHOM 4acThIO JAHHON paOOTHI SBISETCS MOJIYYEHHUE Z- MEPENaTOUYHbIX
GyHKIMI pa3oMKHYTOH U 3aMKHyTOW cucteM. OHAaKoO 37€Chb paccMaTpUBAaETCS
oonee cnoxnas CAY, umeronias BHYTPEHHUE OOpaTHbIE CBA3U, MOATOMY IpHU
BBIBOJIC MEPEAATOYHON (DYHKIMM 3aMKHYTOH CHCTEMBI IMEpelaTOuYHON (yHKIUU
3aMKHYTOM CHCTEMBI LI€J1eCO00pa3HO BOCIOJIB30BAaThCA OOIIMM aJITOPUTMOM
NOJy4YeHUs! Z- TIePelaTOYHbIX (PYHKIMHA JIMHEHHBIX HWMITYJbCHBIX CHCTEM.
Hamomuum ero.

Jns  momydyeHuss SKBUBAJICHTHOW TIEpeNaTOYHOM (YHKLUHMHU CJIOKHOTO

COEIMHEHUS HEOOXOIUMO:

1. BBecTn BcmoOMoOTraTelbHBIE TEPEMEHHBIC, MPUHSAB 32 HUX CHUTHAJIBI Ha
Bxogax MND.

2. CBs3aTh BCIIOMOTATENbHBIE TIEPEMEHHBIC, BXOJHYIO W  BBIXOJHYIO
nepeMEHHBIE MEXAY COOOH, WMCIONB3ys Z- Tepenartounbie ¢yHKIuu. B
UTOTE TIONYYHUTCS CHUCTEMa YpPaBHEHUH OTHOCHTEIILHO H300paxeHui
BCIIOMOTaTEJIbHBIX, BXOJHOW W BBIXOHOM ITEPEMEHHBIX.

3. UcknrounTh n300pakeHusi BCIIOMOTATEIBHBIX MEPEMEHHBIX U 3aIncaTh

ypaBHEHHE, CBS3BIBAIOIIECE N300pAKEHUE BXO0Ja U BBIXO/A.
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4. 3anucarb SKBUBAJICHTHYIO MEPEAATOYHYIO (DYHKIIHIO CUCTEMBI.

B nanHo#l pabGoTe MpOBOAWUTCA aHAIU3 yCTOWYUBOCTU CHUCTeMbl U D —
pazOueHne mo JAByM ee mapaMmerpaM. HamoMmuwmM, 9TO AJis TOTO, YTOOBI CHCTEMA

ObL1a YCTOﬁqHBOfI, HCO6XOI[I/IMO N JOCTATOYHO BBIIIOJTHCHUC YCJIOBUA

zj<1 , j=Ln , (1)

rac Zj — KOPHHU XapaKTCPUCTUICCKOI'O YPAaBHCHUA. HpI/I 9TOM KOpHH C CAMHUYHBIM

MOAYJICM OOJIZKHBI OBITH IIPOCTBIMU. 3anumem XapaKTEPUCTHYCCKOEC YPaBHCHHC .
B(z)=b,z"+b, 2" +..4+bz+b,=0  (2)

[Mpu mpoBeneaun D- pa3Ouenus xkoddpduumeHtsr Dy, by, ..., by
OKa3bIBAIOTCS 3aBUCALIMMH OT MapaMEeTpoB, MO KOTOPHIM OHO BbIMOJHsETCS. U3
ycioBust () ompenensitorcss TpeOoBaHUS, KOTOPBIM JIOJDKHBI  YIOBJIETBOPSATH
koabouimentel 0Dy, by, ...., b, , 4TOOBI crcTeMa Oblaa YCTOMUYUBOI, U Jayee
dbopmupyrotrcs TpeOoBaHUS K mapaMerpaMm cucteMbl. OJHAKO HA MPaKTUKE ATOT
nyTh TPUMEHUM TOJBKO K cuctemMam |-ro mopsaka. Ilpum HeoOxomumocTu
npuMmeHennss D — pa3OueHus [is1 cHUCTEMbl BTOPOTO MOpPsAKA HMEET CMBICI
IpeaBapuUTEIbHO NpeoOpa3oBaTh ypaBHEHUE (2) Tak, 4YTOOBI MOXHO OBLIO
UCIIOJIb30BaTh KPUTEPUN YCTOMYMBOCTH HENPEPbIBHBIX cucteM. [IpoBenem 3ameny

IIEPEMEHHBIX
Z_1+W

T1_w : )

D10 mpeoOpa3oBaHHE MEPEBOAUT EAMHUYHYIO OKPYKHOCTh KOMILJIEKCHOM

IUIOCKOCTH ‘Z° B MHMMYK ocb R.,U=0 mmockoctu ‘W’. BHyTpeHHsSs 4YacTb

OKPYXHOCTH QZ‘<1) npeodpasyeTcsi B JIEBYIO MOJIYIUIOCKOCTh IJIOCKOCTH ‘W’ a
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BHEIIHAA €€ 4YacTb — B MPaByl MOJYIUIOCKOCTh IUIOCKOCTH  ‘W’.

XapakTepucTuueckoe ypaBHeHuUeE (2) MpUHUMAET BUJT

T+wY' 1+w)™ 1+w
b|——| +b, 4 ——| +..+b——+b,=0
1-w 1-w 1-w

WM, TTOCJIe MpeoOpa3oBaHUid

aw'+a W '+..+aw+a,=0 (4)
rae  Kaxaeli W3 KodpduuueHToB @, , i=1n JUHEHHO 3aBUCHT OT
K03GGuIueHToB by, by, ...., b, . O4eBUAHO, YTO YCIOBUE YCTOWIMBOCTH HMEET

BU]I

U K ypaBHEHHIO (4) MOryT OBITb HPHUMEHEHBI H3BECTHbIE airedpanyeckue
KPUTEPUU YCTOMYMBOCTH, HA OCHOBAHUHU KOTOPBIX U (POPMYIHPYIOTCS TpeOOBaHUS
K nmapamerpam D — pa3z0buenus. s cuctem 2-10 nopsijika ypaBHEHUE UMEET BH/]T
a,W +aw+a, =0

U HEOOXOJMMBIE U JOCTATOYHBIE YCIOBHUS YCTOMUMBOCTH MPUHUMAIOT (QopMy
HEPAaBEHCTB

a,>0

a, >0 (5)

a,>0

Ecmn a,,a;,a, 3aBHCAT OT IapaMeTpoOB IO KOTOPbIM mpoBogurca D —

pa3OueHue, TO JaHHAs CUCTEMa HEPaBEHCTB W OMpesesseT 001acTh 3HAYEHUU
[IapaMeTPOB, COOTBETCTBYIOIMX YCTOMYMBON UMITYJIbCHOM CUCTEME.

B nabopartopHoii paboTe 1y1st ucciaeayeMoil CuCTeMbl TpeOyeTCs OnpeeTuTh
KO3(PUIIMEHTBI, KOTOphIE O0OECIECYMBAIOT IPOTCKAHWE IIPOIIECCOB KOHEUHOMU
JeAaTeNIbHOCTH. J[e0 B TOM, YTO B MMIYJIbCHOM CHCTEME BO3MOXKHO JOOUTHCS
TOT0, 4TOOBI CBOOOJHBIE MPOIIECCHl 3aKAaHUMBAIUCH 32 N TakTOB ( N - TOPSIOK
CUCTEMBbI), TIOCJIE€ 4YEro YCTAHABIMBAETCS BBIHYXKICHHBIM mpouecc. Takue

MPOLIECCHl  HA3bIBAKOTCS  IPOLIECCAMU  KOHEYHOM JUIMTENBHOCTH. [Jlna ux
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BO3HUKHOBEHUS HYKHO, YTOOBI KOA(PPUIIUEHTHI XapaKTEePUCTUIECKOTO YpaBHEHUS

CHUCTEMBI
b,z"+b, 2" +..+bz+b,=0

YAOBJICTBOPSJIN YCIIOBUAM:

IIPH 3TOM XapaKTCPUCTUYCCKOC YPABHCHUC IIPUHUMACT BHU .
n
b,z"=0,
a C€ro KOpPHH, COOTBCTCTBCHHO, pPAaBHbLI HYIJIIO. I[JI}I CUCTCMBI BTOPOTO
nopsaakKa € XapakKTCpUCTHICCKHUM YPABHCHUCM

2 —
YCJIIOBHA BOSHUKHOBCHUSA ITPOICCCOB KOHCUYHOU JIUTCIBHOCTH NHMCIOT BN

b, =b, =0

BoinonHeHne 3THX yCIOBHM ~ MOXHO OOECHEYHTh TOJ00pPOM JBYX
apaMeTPOB CUCTEMBI, BXOJAIINX B BBIpAXKEHU 111 K03 duuueHtos b,b,.

[1l. O0BeKT ucciaeqoBaHus

CrpykTypHas cxema UCCIEAYEMOU CUCTEMBI IIPEICTABIEHA HA PUC. .

Osx e1 ez u K1 y 1 y
[ » [ > = >
X il 1~0 Tup+1 p

Ky [—————

Puc.1.

3I[CCB T]_:T:l ) K1=6.
B IIponecce pa6OTBI CUCTEMA MOACIINPYETCA HAa IIEPCOHATIBHOM KOMIIBIOTEPEC

C UCIIOJIb30BaHUEM CIIEIIMATN3UPOBAHHOTO NTakeTa Mmoaenupoanuss MATLAB.
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IV.3AJAHUE HA PABOTY

1. CdopmupoBaTh pacyeTHYIO CTPYKTYPHYIO CXEMY, MPEJCTABUB
aMIUTATYJHO-UMITYJIbCHBI 3JIEMEHT MOCIEI0BATEIbHO COEAMHEHHBIMU
UJCATbHBIM HMIYJIbCHBIM 3JIEMEHTOM M 3KCTPAIOISITOPOM HYJIEBOTO
nopsJiKa.

2. llomyuntp mnepenaTouHyr0 (QYHKIHIO 3aMKHYTOM CHCTEMBI

Y(2)
D(z)=—2.
F(2)
3. Ha mnockoctn kodddunnentos Ky, Ky, BbIIEIUTE 001aCTh HX
3HAYEHUH, COOTBETCTBYIOIIYI0 YCTOMUYNBON CUCTEME.
4. OmnpenenuTh 3HauYeHHE KOA(PPUIIMEHTOB Ky, Ky o,
o0ecreunBaroIIUX B CUCTEME MIPOLECChl KOHEUHOH ITUTENbHOCTH.
5. IlpoBecTu 4UMClIEHHOE  ONpeAcieHUuEe 00JaCTH YCTOMYMBOCTH
no napamerpam Ky, Ky, #m wuccienoBaHue mnpoueccoB KOHEYHOU

JUIATEIILHOCTH.
V. IIOPAJJOK BBITOJIHEHWA PABOTHI.
PacuetHas yacth

1. CocraButh cTpykTypHyto cxemy CAY, packpeiB ANUD kak
nocienoBarenbHoe coenuHenue MM u skcrpanonstopa.

2. Tlonp3ysach W3II0KEHHBIM BBIIIE  AJITOPUTMOM, IOJYYHUTh
BBIPKEHHE JIJIs1 Z - IEPEAATOYHON (PYHKIIMU 3aMKHYTOM CUCTEMBI CD(Z).

3. Omnpenenuth BXOASAIINE B BRIPAXKEHUE TS d)(z) nepeaaTouYHbIe
(GYHKIMKA Pa3OMKHYTBIX yacTeil cHUcTeMbl M TOJACTaBUB HX B
3aBUCHUMOCTb IS CD(Z), MOJIyYUTh MEPENaTOUYHYI0 (PYHKIIMIO 3aMKHYTOU
cucrembl, cuntas Ky, Ky, mapamerpamu, 3HaueHHs KOTOPBIX €IIE HE

OIpe/ICIICHBI.
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4. IlpoBecTH aHaIU3 YCTOMYMUBOCTHU B CIAEAYIOIIEM MOPSAKE:

e 3amucaTrh XapaKTEPUCTHUCCKUI MHOTOUJIEH CUCTEMBI,

e IlpoBectn npeoOpa3oBaHue 3) u MOJTYYUTh
XapakTepucTuueckoe ypaBHeHue B Buje (4). Ilpu stoM kodduiiueHTs
a, +a, oynyt dynknuamu Ky, Ky

e lcnonw3ys ycmoBusa (5), Ha mockoctn Ky, K, BbIIennuTs
o0jacTh 3HaUYEHUN KOIPPHUIIMEHTOB, COOTBETCTBYIOIIUX YCTOWYUBOCTH
CHCTEMBI;

e [Ilpu 3nHauenmu K, 3agaHHOM IpenojaBaTeleM, ONPENEIUTH
BelMUUHy K, COOTBETCTBYIOIIYIO ABYKPAaTHOMY 3aIlacy YCTOMYMBOCTH
10 aMILIUTY/IC.

5. Ompenenuts  3HaueHUE  KOA(PHUIMEHTOB Kylo, Kyzo
00€eCITeUnBarOIIe CYyIIIECTBOBAHHE MIPOIIECCOB JUTATEIIBHOCTH.
PaccuunTath mporece koHeuHow amutensHocTH mpu f(t)=10-1(t)

MopnenupoBaHue IPOLIECCOB B UCCIIETYEMOM CUCTEME.

[TocTpouTh TMHAMHYECKYIO MOJICTh CHCTEMBI C MCIIOJIh30BAHUEM ITaKeTa

MATLAB.

VYcraHoBuTh Manble 3HadeHus KkodpduumentoB Ky, K, = 0.05,

3aIyCTUTh MOJICNTb U YOSIUTHCS B YCTOMYMBOCTH CHCTEMBI.

OnpenenuTs PKCIEPUMEHTAIBLHO 00J1aCTh YCTOMYHMBOCTH HA IUIOCKOCTH

k03 punuentoB Ky, Ky, 1 gero:

e VYcraHoBuB  (ukcupoBaHHble  3HaueHus K,,  yBesnuuBarh
KO3 ULTHEHTBI Kyi 1o BemmunHbl Kyxp COOTBETCTBYIOIIEH
BO3HMKHOBEHHUIO He3aTyxaromux konebanuit B CAY. I[loBTopss sty

OIepanuio i psfaa 3HaYeHud K, MOJIydnTh JKCIIEPUMEHTAILHYIO
rpanuny K, = §D(Ky2)
o Ouxcupys K; wu ysemmumBazs K, 10 BemmuuHbl  Kyokp,

COOTBETCTBYIOIIEH BO3HMKHOBEHHUIO He3aTyXalolMX KoyieOaHuil B
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CAY, nocTpouTh rpaHully yCTONYMBOCTHU Kyw,:gp(Kyl). IIposectu

CpaBHEHHME TEOPETUICCKON M SKCIIEPUMEHTAIBLHON 00JIACTEH.
4. PaccMOTpeTh W 3apHCOBATh MEPEXOJHBbIC MPOIECChl HAa CTYMEHYATHIN
Bxoguoi curnan f(t)=10-1(t) npu 3HaYCHHIX ITAaPaMETPOB:
® COOTBETCTBYIOIIUX PACYCTHOM YacTh
® HaXOJSAIIMXCS BOJU3U IPAHUIIBI YCTOWIMBOCTH .
5. YcTaHOBHUB COOTBETCTBYIOIINE 3HAUCHUS KOA(D(UIIMEHTOB, PACCMOTPETh
¥ 3apUCOBaTh MPOILECC KOHCYHON JCSATCIBbHOCTH MpPH HYJICBBIX U

Ha4YaJIbHBIX YCJIIOBHUAX

VI. O®DOPMJIEHUE OTYHETA
B oruere pomxkHa OBITH MNPEACTABICHBI CTPYKTypHasi CXeMa CHUCTEMBI,
MIPOIIECC BBIBOJIA MEPEIATOYHBIX (PYHKIMM U WX BBIpaKEHHUS, TeOpeTHYecKas U
DKCIICPUMEHTANbHAsl  00JacTH  yCTOMYMBOCTM Ha IiockoctH Ky, Ky,
0 0 .
koophummenter Ko, Ky, COOTBETCTBYIOIIME IpoleccaM  KOHEYHOM
JUTATEIIbHOCTH, TEOPETUYECKU W SKCIIEPUMEHTAJIBHBIN IPOIECChl KOHEUHOU

JUTHTEIIBHOCTH, cXeMa MojienupoBanus cucteMsl B cpene SIMULINK.
VIl. KOHTPOJIbHBIE BOITPOCHI

1. Yro Ha3pIBaeTCs MPOIECCOM KOHEUHOM MITUTEIHLHOCTH?
2. B uyeM coOCTOST YCIOBHS CYIIECTBOBAHMS TIPOIECCOB KOHEYHOM
JUTATEIBHOCTH?

3. Kak crpoutcs 06:1acTh YCTOMYMBOCTH HA MIIOCKOCTSIX 7
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JlabopaTtopHas paborta Ne 4

AHAJIN3 YACTOTHBIX CBOMCTB JIUHEMHOMN
UMITYJIbCHOM CUCTEMBI

|. HEJIb 11 3BATAYU PABOTBI

N3ydyeHne OCOOEHHOCTEM YAaCTOTHOIO aHalu3a JHUCKPETHBIX CHUCTEM,
UCCIIENOBAaHNE OCOOEHHOCTEH IPOXOXKIECHHSI BBICOKOYACTOTHOM TIapMOHMYECKON

MOMEXH Yepe3 JIUHEHHYIO UMITYJIbCHYIO CUCTEMY.

Il . TEOPETUYECKUE CBEJAEHU A

OyHKIMS, W(ej“’T) noyiyqaemasi U3 Z - TNepelaToyHou (QyHKIUH W(Z)
) joT ) o
noacTaHoBkoit  z=e€'’, mHasbiBaeTcs  aMIIMTYAHO-()A30BOM  YAaCTOTHOM

XapakTepucTukon. DyHKIHS ‘W(ej‘”T] HA3bIBACTCA AMIUIMTYAHOM YaCTOTHOM

(hazoBoii xapakTepucThkod, QyHkuusa ¢ ()=arg W(ejmT) HaspIBaeTCs (PazoBOi
YaCTOTHOM XapaKTEPUCTUKOM. Y CTaHOBUBIIASCS PEAKIUs CUCTEM C IIepeaaTOuHOM
byHKUMEH W(Z) Ha JMCKpeTHBIH rapmonmyeckmii curnan f(kT)= Acos(kaT)

OTIPENICIIUTCS BBIPAKESHHEM
f(kT)= A{\N(ej“’T ]cos[k(oT + go*(a))] (4.1)
T.e. aMIUIUTY/a BBIXOAHOTO CHUTHAJla YBEJIMYMBACTCS B ‘W(ejm} pa3, a ¢asa

W3MEHAETCS Ha BEJINYUHY (p*((o).

PaccmoTpum npoxokieHre HEMPEPHIBHOTO TAPMOHUYECKOTO CUTHAJIA Yepe3
JTUCKPETHYIO CHCTEMY, cXeMa KOTopoil wuzoOpakena Ha puc. 4.1. Tak kak
HUMITYJIbCHBIN DJIEMEHT BBIICIISICT JUIIL TUCKPETHBIC 3HAUEHUS BXOJHOTO CUTHAJIA,
COOTBETCTBYIOIIIME MOMEHTHI KBAaHTOBAHHS, TO B YCTAHOBHBIIEMCS PEXKHUME TPHU
t=kT,k=0,,... BbIXOmHAs BeIWYMHA [O-TIPEKHEMY OYIET OINPEACIATHCS

3aBUCUMOCTBIO (4.1). OaHako MOXET OKa3aTbCsl HEOOXOJMMBIM 3HATh, 4YTO
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NpoucxoauT B CUCTCMC B J1000Hf MOMEHT BpCMCHH, T.C. HCO6XOI[I/IMO OIIpCACINTDb

«nionHyto» peakiuio y(t) , 0<t<o

1 > Wa(p)Wo(p) >

Puc.4.1.

YacToTHBIE XapAKTEPUCTUKU JUCKPETHOW CHUCTEMBI HE  II03BOJIIOT
ONpENENNUTh 3Ty peakuuto. 11 HaXOXIEeHUS 53TOM BEJIMYMHBI HEOOXOIUMBI
JOTIOJIHUTENIbHBIE CBEAEHUS O YACTOTHBIX CBOMCTBAX JUCKPETHOM CUCTEMBI.

IIpr 1DpoXOXAEHUM dYEpe3 MUMITYJIbCHBIA JJIEMEHT CIHEKTp CHUTrHaja
U3MEHSETCS, B HEM IIOSBILIFOTCS  JIONOJIHUTENBHBIE COCTaBIIOIIME. JTa
OCOOCHHOCTh OKAa3bIBAE€T CYIIECTBEHHOE BIUSHUE Ha pabOTy HMITYJIbCHOM

cucrembl. Tak mpu mpoxoxkneHnmnm curHana e(t)= Asin@T depes HueabHbII

HMHYHBCHBIﬁ 9JICMCHT Ha €0 BBIXO/JC 6YIICM HNMCTDb

e*(t):_l_é isin(awa)om)t , coozz_l_—ﬂ

(4.2)

N3 ¢opmynsl BuaHo, uro Ha Bbixojge MHD oOpasyercsa OeckoHedHOE
MHO>KECTBO TapPMOHUYECKUX COCTABJISIONIMX C YacTOTaMM, OTIMYAIOIIUXCA OT
UCXOOHBIX Ha ®,M,M=0,=1... JIONOJIHUTEIbHbIE COCTABJIAKOIIUE C YaCTOTAMU

®; =0 o,mm=12,... Ha3bIBAIOTCI TPAHCIOHUPOBAHHBIMU COCTABJIAIOLIUMU.

Takum o6pazom, nmocie MU curnan coaepkut OCHOBHYIO U TPAHCIIOHUPOBAHHYIO
(mepenecenHbie) coctapistomue. [Ipu 3ToM HanOOIBIIUN UHTEPEC MPEACTABIISIOT
JBa Ciyd4asi: TpeoOpa3oBaHWE HU3KOYACTOTHOTO CUTHAJa B BBICOKOYACTOTHYIO
00JacTh (coT > oo) M TPaHCIIOHUPOBAHWE BBICOKOYACTOTHOTO CHUTHAla B

HU3KOYAaCTOTHYIO 4acTh crektpa (m; <®). B cucTeMax yHpaBieHHs MepBbli

BAapUAHT BO3HUKACT ITPHU BOCIPOU3BCACHNHN HU3KOYACTOTHBIX ITOJC3HBIX CHUTIHAJIOB

Y B NPaBUJILHO CIPOECKTUPOBAHHOW CUCTEME OH HE BBI3bIBACT CIOXHOCTEN. [Ipu

37



TOM CBOMCTBa 00BEKTa (HEMPEPHIBHOM YacCTH) M YAaCTOTa KBAHTOBAHUS JIOJDKHA
OBITH COrIacOBaHa TaKUM 00pa3oM, YTOOBI HEMpephIBHAS YacTh OT(UIHTPOBBIBAJIA
BBICOKOYACTOTHBIE TPAHCIIOHUPOBAHHBIE COCTABJIAIONIME W HAa BBIXOJE, B
OCHOBHOM, ITPOSIBIISUIACh Obl OCHOBHAS, M10JIE3HAS! COCTABIISIOIASL.

Bropoii BapuaHT TpPaHCIOHMPOBAHHUS MOXKET MPHUBECTH K HEMPUATHOMY
pe3yabTary. BHICOKOYAaCTOTHBIA CHTHAN — 3TO, KaK MPaBWIIO, TOMEeXa, KOTopas He
JIOJDKHA CKa3blBaThesl Ha paboTe cuctembl. OnHAKO, Jake €cClid HelpepbIBHAS
4acTh cUCTeMbl 3((EeKTUBHO ocialisieT caMy BBICOKYIO 4YacTOTy @, TO Cpeau

TPaHCIIOHMPOBAHHBIX YaCTOT, MEHBIIUX OCHOBHOH, T.€. ®—®,,®— 2®,,... MOT'YT

OKa3aThCsl YaCTOThI, MOMA/IAIOIINE B MOJOCY MPOITYCKAHUS HEMPEPbIBHOM yacTu. B
TOM CJIy4ya€ Ha BBIXOJE MOIYT BO3HHUKHYTh HHU3KOYAaCTOTHBIE JBUKECHUS,
SBJIFOLIMECS TPAHCIIOHUPOBAHHBIMHU COCTABJISIFOLIIUMU BBICOKOYACTOTHOM ITOMEXH.
CHIXEHUE BENUYMHBI TAaKUX TPAHCIIOHUPOBAHHBIX KOJIEOAHWN SIBIIAETCS Ba)KHOU
3aaueil MpoeKTUpoBUIMKA. OOBIYHO AJIi 3TOTO UCHOJB3YETCs] NPEeIUMITYJIbCHAs
¢unbTpanys, T.e. pUIBTpalKs HEPEPHIBHOTO CUTHAja /0 NomajgaHus ero B 1D.
Oddexr Takoll QUIbTpaMKM COCTOMT B YMEHBIIEHUH AaMIUTUTYAbl I[OMEXH,
nonaaarouieit B 0.

[lycTh Ha BXOJA 3aMKHYTOW MMIYJbCHOUM cucteMbl (puc.4.l1) mocrymaer

FapMOHHUYECKUI CUTHAII
f(t)=Bsinmt.

[Ipu >TOM B yCTAaHOBUBIIEMCS PEXKUME B KaXKJOW TOUKE 3aMKHYTOTO KOHTYpa
CIEKTP CUTHAJIa COCTOMT U3 OCHOBHOM ®,C 4aCTOTOW M TPAHCIIOHHPOBAHHBIX C
gactotaMu ot ,,®+ 20,,...cOCTaBIAOMUX. PaccMoTpuM 3agady ompenenceHus
aMILUTATYJ OTJAEJbHBIX COCTABJISIFOLIMX CUTHAJIa HA BBIXOJE HEMPEPHIBHON YacTH
y(t).

PaccmoTprm BHauvasie OpsiMyrO 1I€Mb, CBS3BIBAIOIIYIO CUTHAJIbI e(t) u y(t).

Ipeamonoxum, uto €(t) — rapMOHMUYECKMIA CHTHAN H4acTOTH o, , e(t)= A sine,T u
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HaﬁﬂeM AMIUIUTYAbI OTACJIBHBIX COCTABJIOIHUX CHI'HAJIA y(t) 9T0 JOCTAaTO4YHO

pocTo. JlelCTBUTENBHO, H3BECTHO, 4TO eciiu e(t)= A sine T, To

e'(t)= TA isin(a) +@,m)t

m=—x
T.C. Ha BBIXOAC MHND BO3HUKACT CUETHOE MHOXKECTBO COCTaBIIAIOMMNX, YaCTOThI
KOTOPbIX U3BCCTHLI, & aMIINIMTYbl OANHAKOBBI. B cuity JIMHEUHOCTHU HCHpCpBIBHOﬁ
qaCTu IIPOXOKIACHUC Ka)KIIOﬁ COCT&BHSIIOHICﬁ gcpe3 3BCHO C HCpCI[&TO‘IHOﬁ

dynkumeit W, (p)- W, (p) MOkeT paccMaTpuBaThCs OTHENBHO M VISl KaXIOM H3
4acToT M; =m, +®,M,m=0,11,... aMIIUTyZa COOTBETCTBYIOLIEH COCTaBIAIOLICH

BBIXOJTHOT'O CUTHAJIA Y ONPEACIIACTCA KaK
A
Ay(wT): TOH((DT)

rze H((DT): \Wa (joor ) W, (joo, )\ — 3HayeHre AUYX HenpepbIBHON 4acTU I
TAHHON 4acTOTHl M. Pa30Bble COOTHOIIEHUS pacCMaTpUBaTh HE OYJEM U, TAKUM

obpazom, ecin e(t)= A,sinw,T, TO 3a]1a4a ONPEIENCHIs AMIUTUTY A, OTACIBHBIX
COCTABIISIONX periena. OTMeTHM, 4To Bemmunubl A, (o) He 3aBHCAT OT

HayvanabHOM (pa3bl curHana e(t).

B 3aMkHyTOM cCHCTEME CHUTHal e(t) HE SBJAETCA TapPMOHUYECKUM, OH
COJIEPKUT MHOXKECTBO COCTABJISIOIUX € 4acTOTaMu ®; =, +o,M,m=0,%1,....
Onnako e(t) — BxoaHoM curHas MND, KOTOphIid OCYIIECTBIISET U3 HETO BBIOOPKY
JIUCKPET e(kT) , k=01... U, B COOTBETCTBHMM C YAaCTOTHBIMH CBOMCTBAMHU

JMHEWHBIX UMIYJIBCHBIX CHCTEM, 3TU JUCKPETHl COOTBETCTBYIOT FapMOHUYECKON
peneTdyaToi GyHKIUu:

e(kT)= A sin(ko T + ).
Takum 00pa3oM, peakiusi OpsMON LENu Ha pealbHbIA CUTHAJ e(t) OyaeT Takou
e, Kakoil oHa OblIa Obl HA rapMOHMYecKuii curnain e(t)= A sin(w,T +¢) (ipu dToM,

KaK yxe ObUIO CKa3aHO, Ha OILIGHKY aMIUIMTYAbl HaudajbHas (a3a He BIMSET).

AMIUTATY1a COBNAAAET C aMIUIUTYI0M JUCKPETHON CUHYCOU B! (4.3) 1 OHA MOXKET
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ObITh omnpeneneHa ¢ nomomplo ADOUX nuckpetHoi cucteMbl. OKOHYATEIBHO
MO>KHO MPEUIOKUTH CIAEAYIOIIYIO IPOLUEAYPY ONPENEIEHUS AMIUIATY OTAEIbHBIX

COCTaB/IAIONINX CHUTHAJIa y(t) Ha BBIXOJC CUCTCMBI.

1. Haitnem Z — mepenaTto4nyio (yHKIIHIO CD(Z), CBSI3BIBAIOLIYIO0 ITOMEXY C

CUrHaJIOM Ha BXxoje MND

) z{e(kT)} 1
)= () " L 2, (0)- W, () (44)

2. Haiinem cootsetctsytontyo A®UX u seiaenum AUX A’ (o, )

ADUX: DT )=d(2)

AUX: A'(o,)=0"™") (4.5)
3. Haiinem aMmuTyny AUCKpETHOM cuHycou bl Ha Bxoae MO
A,=B-A(o,) (4.6)

rac B - aMIUIMTya, @, - 9acToTa rapMOHHYCCKOI'0 CUI'HaJIa f(t)

4. OrnpeneauM 4acTOThl TPAHCIIOHUPOBAHHBIX COCTABJISIOIINAX
21
=T

5. Paccuntaem AYUX HenpephlBHOW YacTH CHUCTEMbl Ha OCHOBHOM U

o;=0,Tom , m=04l... o (4.7)

TPaHCIIOPUPOBAHHBIX YACTOTAX.

H(o; )=W, (jo,)- W, (jo ) (4.8)
6. OmnpenenuM aMIUTUTYAbI OTACIBHBIX COCTABIISIOIIMX HA BXOJIE CUCTEMBI
A
Ay(wT): TOH((OT) (4.9)

[Ipn BeImOSMHEHNH 4-6 MMYHKTOB HYXHO 33a/1aThCS HECKOJIBKMMH YaCTOTaMHU,
MOSIBJIEHUE KOTOPBIX HamboJiee BEPOSITHO Ha BbIXOZAe cucTeMbl. Kak mpaBuiio, 310
HanOoJiee HU3KHE, YACTOTHI KOTOPHIC cllabee OTPUIBTPOBBIBAIOTCS HEMPEPHIBHOMN

qaCTbIO

[11.  OBBEKT UCCJIIEAOBAHNMA, OGOPYIOBAHUE.
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1. IlepcoHanbHBIA KOMIBIOTED.

IV. 1IEJIM U 3AJJAYM UCCJIEJIOBAHUS

CrpykTypHas cxeMa uccienyemoit CAY npezacrasieHa Ha puc.4.2

QOsx el e2 u K1 y 1 y
g Ky { e I:l_ — Topt o >
+ f
Ky2 -
Puc.4.2.

AUD ocymiecTBiIseT BHIOOPKY U (PUKCALMIO HA TTEPUOE KBAHTOBAHUSI,

k=6 ,T=Ty=1c , f(t)=BSinw,t ,o,=3.3-6.28 1 B-10
C

TpeOyeTcss  BBIIBUTH  4YaCTOThI, [JIsI  KOTOPBIX  COOTBETCTBYIOLIME
COCTABJISIFOLIME HA BBIXOJE CHCTEMbI OyAyT MMETh HAuOOJIbLINE B CPAaBHEHUU C
IPOYUMHU aMIUIUTYIbl (4-6 3HAauYeHWii); paccuuTaTh ATH AMIUIMTYAbI, OLEHUTH
BIUSIHUE MPEAUMIYJIbCHON (QUIBTPALlMM HAa MOMEXOYCTOMYHMBOCTHh CHUCTEMBI;

MPOBECTU dKCIIEPUMEHTANIbHOE HccienoBanue CAY.
V. TIOPAIOOK BBIITIOJIHEHW A PABOTHI

PacuerHasa d4acTh

1. Tlpm 3amaHHOW TperonaBaTesieM BeIMYUHE , M0 (Gopmyne (4.7)

paccyYuTaTh CIEKTP YaCTOT TPAHCIIOHUPOBAHHBIX KOJICOAHMIA.

2. Paccuurate npu =0, 3HaueHUH AUX JIUCKPETHON CHCTEMBI,
paccMarpuBas B KayeCTBE BXOJHOIO CHUTHajla IIOMEXY f(t), a

BeixoaHoro €(t). s atoro:
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a) OTpeIeUTh iepenaTounyro gynkuuio ®,(z)= @
0) Haittn ADUX ‘Dl(e jcoT)
B) HaNTH 3HAYEHHE ‘q)l(ejmnT}

Pacuer mnpousBoguth npu 3HaueHusAX Ky U Kyp, obecneunBarommx
OPOTEKAaHHE B  CHCTEME IEPEXOJHBIX MPOLECCOB  KOHEYHOM
nesaTeabHOCTH (M. J1ab. Ne3).

3. IlIpu B=10 paccunrarh aMIIMTy bl OCHOBHOM, TPaHCIOHUPOBAHHBIX

COCTaBJIAIOIINX Ha BBIXOAC CUCTCMBI, JJIA 4CTO:

a) OIIPEIIENINTD BEIMYUHY A
0) paccuntath AUX HenpepbIBHON YacTH
in &’
PN e N I '
Lop [ ee+D), . o ie(iTer +1)

B) B COOTBETCTBHH C (4.9) HaiiTn Benmunny A, (o)

4.  BriOpats napamerp T, HENPEPHIBHOTO KOPPEKTUPYIOLIETO (PUIbTPa

W, (p)

AMIIIIMTYyAbI IOMCXH.

=, obecneunBatoniero 10-tu KkpaTHOe ocnabiieHue
Tp+1,

‘ch (jO)n )‘ =01
MopenupoBaHue uccaeyeMOi CUCTEMBL.
. Pa3paboraTe AMHAMHUYECKYI0 MOJIEIb HMCCIEAYEMOM CHCTEMBI B Cpefe
SIMULINK.

. YcranoButh 3HaueHus Ky 1 Ky, COOTBETCTBYIONIME HANUYHIO B CHCTEME

INCPCXOIHBIX IIPOLHCCCOB KOHEUHOU JACATCIBbHOCTH.
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3. TlogaBas B kaHam MECTHOW OOpaTHOW CBSI3M TAPMOHUYECKYIO TTOMEXY

YacTOTOM ®,, OIpCACINTb HauOoIbIlIee OTKIOHEHHE B KOJIeOaTEIbHOM

JABHXKCHHNU BBIXOI[HOﬁ BCIIMYUHBI Y. 3apI/ICOBaTB YCTAHOBHUBHINCCA
IMPOLCCChI B CUCTCMC.

4. Onpenenuth 1EI€CO00pa3HOE MECTO BKJIIOUEHHUSI U BBECTH B CXEMY

1

GuneTp ¢ mepenaroynod QyHkKuuen W, (p)=———.
T,p+1

B orcyrcTBumn

nomexu, Bapbupys koddduiuentsl Ky u Ky, momoOpaTh ux 3HaueHus,
o0ecreynBaoIfe yCTOWYUBYIO pabOTy CHCTEMBI M OBICTPOE 3aTyXaHHE
IIEPEXOIHBIX IIPOLIECCOB.

5. IloBroputs m.4 s CHUCTEMBI C BBEJACHHOHW NPEAUMITYJIHCHOM
bunbTpanmeit. 3apucoBaTh MEPEXOHBIN U YCTAHOBUBIIIMICS TTPOLIECCH B
cuctemMe. Crnenarb BBIBOJ O I€JI€COOOPAa3HOCTH  HCIOJIb30BAHMS
NPEeIUMITYJILCHON (DUIbTpAIMU 71l MOBBIIIEHUSI TTOMEXOYCTONYHBOCTH

CHCTCMBEI.

VI. OOOPMJIEHUE OTYHETA
OTyer [OJDKEH coIepXkaTh pacyeT aMIUIATYZ TPaHCIOHUPOBAHHBIX
COCTABJISIFOIIMX HA BBIXOJIE CHCTEMBI, @ TaKXK€ pe3ysbTaThl MoaennpoBanus CAY

0e3 IpeIUMITYIbCHOM (PUIIBTPAIIMU U C HEH U BBIBOJIBI 110 TIPOJICTIaHHOM padoTe.

VIl. KOHTPOJIBHBIE BOITPOCHI
1. Yrto Takoe TpaHCIIOHUPOBAHHBIE COCTABJISAIOLINE?
2. B ueM cocTosiT BO3MOXKHBIE TOciencTBus d(pdexra TpaHCIOHUPOBAHHS
4acToT B AUCKpeTHO CAY?
3. B 4em ynoGcTBO paboTel ¢ kodddunuentamu Ky u Ky,, odecneunBaronmmu

B CHUCTEME MPOLIECChl KOHEYHOU AeSITEIbHOCTH?
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JlabGopaTtopHas pabota Ne 5

METO/AbI NPOTPAMMMPOBAHUSI Z-IIEPEJATOYHBIX
®YHKIHUH: ITPAMOU, ITAPAJUIEJIbHBIN,
HOCJEJOBATEJIbBHBIN

1. OEJIb U 3ATAYU PABOTEI

[IpakTyeckoe 3aKperjieHue HaBBIKOB TMepexoja OT Z-TepeJaTOYHBIX
GyHKUMA K pa3HOCTHBIM YpPaBHEHUSIM C TOMOIIbIO CTaHAAPTHBIX METOOB
IpPOrpaMMUPOBAHMS:  MOPSAMOr0  (HEMOCPEACTBEHHOr0),  MapajjieIbHOTO U

IIOCJIEA0BATEIBHOTO.
2. TEOPETUYECKUE CBEJIEHUA

Kak [IpaBujIo, pe3yjibTaTOM CHHTC3a AUCKPCTHBIX CHCTCM MCTOIOM
J'IOFapI/I(i)MI/I‘-ICCKI/IX IICEBAOYACTOTHBIX XAPAaKTCPUCTHUK SBIICTCA Z-IICPECAATOYHAsA

GyHKIHSI KOPPEKTUPYIOIIETO YCTPOIMCTBA IEPBOTO MIIH BTOPOTO MOPSIKOB:

a,z’+a, z+a, Y(z)
»(2) bz’ +bz+b, e(z): (6.1)

JUia  peanuzanuu  cOPMUPOBAHHOIO KOPPEKTUPYIOIIETO YCTPOWCTBA C
NOMOIIbI0  MHUKPONPOIIECCOPHOM  CHUCTEMBI  YIpaBJIECHUS  HEOOXOAUMO
npeoOpazoBath nosiyueHHyto [Id B cucteMy KOHEUYHO-Pa3HOCTHBIX YPaBHEHHI,

KOTOpasi B MAaTPUYHOM popMe 3aricu UMEET CIACAYIOIIUIA BUI:

X[k+1]=AX[K]+Be/K];
y[k/=Cx[k]+De/K], (5.2)

rae X=(Xg,X2)- BEKTOP COCTOSHHUSI KOPPEKTUPYIOIIETO YCTPONCTRA;
Y - BBIXOIHAS TIEPEMEHHAS;

€ — CUTHaJI OIIMOKH, B HAIIIEM ClTydae BXOAHOU curHani js [1D.
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B pasBepHyTOM BHI€ JaHHASI CUCTEMA YPAaBHEHUN UMEET BU:

Xl[k+]] =a11X1[k]+ a12X2[k]+b1€[k] ;
Xo[K+1]=azX1[K] + azX;[K]+boe/K]; (5.3)

y[KI=cixa[K]+ Cox[K]+de[K]. (5.4)

[TpakTrueckn yqoOHBIM METOZOM TIEPEX0/Ia OT Z-TIepeAaTOUHbIX (PYHKITUH K
Pa3HOCTHBIM  yPABHEHUSIM  SABJSETCS I[OCTPOCHUE CXEM  MOJIEIUPOBAHUS
JIMCKPETHOM CUCTEMBI, KOTOPbIE BKJIIOYAIOT B C€0s 3JIEMEHTHI 3aIeP’KKH Ha TAaKT U
cymmatopsl. [Ipu 3ToM 3a mepemMeHHbIEe COCTOSIHUSI OOBIYHO MPUHUMAIOT CUTHAJIbI
Ha BBIXO/IaX AJIEMEHTOB 3aJ€P>KKU Ha TaKT.

CyiiecTBylOT Tpu BapuaHta nepexoaa oT Z- [ID guckpeTHOW CUCTEMBI K
Pa3HOCTHBIM  YPaBHEHUSIM: 3TO CIOCOOb MPSIMOro, MNAPAIEIbLHOTO0 H

MOCJaEeA0BATCJIbHOIO ITIPpOIrpaMMHUPOBAHUA.

PaCCMOTpI/IM BCE 3TH CITIOCOOBI Ha IMPpUMCPC 3BCHA BTOPOI'O IIOPAAKA, KOTOPOC

IpeacraBuMM B HOpMaJIM30BaHHOM BHJIC.

’+a z+a, Y(z)
W = 2 =
) 2 +bz+b, e(z) (55)

JlanHoil mepenaToyHOM (DYHKIIMM COOTBETCTBYET CIEAYIOIIAs CTPYKTypHas

cxema (puc.5.1).

B2 [ 2, a, z+a, @)

— CAN T
z°+bz+b,
Puc.5.1.

1.Cnoco0 nmpsiMmoro nporpaMMupoOBaHUsl.

W(z) ., 72

Pa3I[eJ'II/IM YUCJIUTCIIb U 3HAMCHATCJIb Ha Z , IIOJIYIUM:
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W(z)= 1+a,z ' +a,z”
1+bz " +b,z7? (5.6)

ITo onpenenenuro 11D:

o lvazttaz? 1
y(Z)—e(Z)1+blz-1+b22—2 _e(z)1+blz‘1+bzz‘2 (5.7)

PaccmaTtpuBaemyto mepenatounyro QyHKIIUIO MOKHO TPEJCTaBUTh B BUJIC
(puc.5.2).

(1+alz‘1+azz‘2)

E@2) &(2) Y(2)

1 4 -2
—> = = > l+az +a,z |—>
145,z 14—1’722 ? 1= 2

Puc.5.2.

BBeznem HOBYIO IEPEMEHHYIO 5(2)

&(2) 1 e(z),

T 1+ bz*'+b,z7?

E(z)=e(z)-bz&(z)-b,272&(2).

COOTBCTCTBGHHO, BbBIXOOHAA IICPCMCHHAA 6y,[[€T paBHa:

y(z)=&(z)+a,27E(2)+ 8,2 2&(2)

(5.8)

Jlns 3Bena (11.17) BToporo mopsiika  BBEAEM, COOTBETCTBEHHO, JBE

¢da3zoBble IEpeMEHHBIE MTEPBOTO MOPSIJIKA:
x(2)=2" &2)
Xz(z) =7 5(2) =z Xl(z)'

Torma ypaBHEHUs Uil TPOMEXKYTOUHOM IEPEMEHHOM U BBIXOJHOMN

nepeMeHHOM OyayT UMETh BU/I:

5(2) = e(z)_ blxl(z)_ b, X, (Z);
y(z)=&(2)+a,2*E(z)+a,22&(2).

YuuteiBas TeOpeMy O CMEIICHHH apryMeHTa pemnieTdyaTtol (QyHKIuw,
-1
BCIIOMHHMM, YTO YMHOKEHHE H300pakeHUS HA <  COOTBETCTBYET CMEIIEHHIO
-2
(3amepkKe) opuruHana Ha 1 TakT, aHa £ - Ha 2 TaKTa.
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Tornma B COOTBETCTBUU C BhIpaKEHHEM (9.8) cxemy MOJIETUPOBAHUS MOXKHO

IPEJICTAaBUTH B ClIeayromeM Bue (puc.5.3).

& [k]

Puc.5.3.

B cootBeTcTBUM ¢ MpaBUIOM, 32 IEPEMEHHBIE COCTOSIHUSI BBIOPAHBI BHIXObI
3a7€pKKHU Ha | TakT.

VYpaBHEHHsI COCTOSHUSI CHCTEMBI MOJYyYUM, MEPEXOAs OT M300pakeHHHd K
peleTdaTsiM QYHKIHSIM.
Z- Xl(z): .f(Z),

Z: Xz(z): Xl(z)'

B urore umeem:

{Xl[k +1]: _bixl[k]_bzxz[k]+e[k];
X, [k +1]: Xl[k]' (5.9)

o Xilk+1]

Il 3Ha4YeHUsI (Pa30BbIX MEPEMEHHBIX B MOCIEAYIONUNA TAKT BPEMEHHU.

Tak kak:

y(z)=&(2)+azE(z)+a,272&(2);

" IIPpU 9TOM, YUHHUTbIBAsA PaHCC BBCACHHBIC IICPCMCHHBLIC!

¥(2)=¢(2)+az74(2)+a,27&(z)=
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= e(z)+ (a, —bl)Xl(Z)+ (a, _bz)xz(z);
Y[k] =(a, —bl)Xl[k]+ (2, —b,)X, [k]+e(k) (5.10)

Takum oOpa3oMm, ypaBHeHHs coctostHus mnpuHuMaroT Bua (5.9), (5.10), a
matpulibl A, B, C, D onpenensitorcs BbIpaXeHUSIMHU:

o2 2]l

C :(ai_bl’ az_bz) ;D:(l)-

HammomuuMm, uto matpuier A, B, C, D ompenensitor cucteMy pa3HOCTHBIX
ypaBHeHHUH, 3kBUBajIeHTHBIX [1D (5.1):

x[k +1]= Ax[k]+ Bek]
y[k]=Cx[k]+ Delk]

2. Cnoco0 mapajuieJibHOr0 NpPOrpaMMHpPOBAHNS

Crioco6 mapasuieabHOro MporpaMMUpPOBAHUS MIPEAINONAraeT MpeaCcTaBlIeHUe
UCXOJTHOM TiepenaToyHor (YHKIIMM CyMMOW MepeJaTOuHbIX (YHKIUN Oolee
HU3KOTO  TIOpSAAKAa C  TOCHENYIOIIMM WX  MPEACTaBICHHEM  CXEeMaMu
MOJIETTUPOBAHUSI.

PaccMoTpuMm mpuMeHeHHe crocofa mapauieTbHOTO MPOTpaMMHUpPOBaHUs Ha
npuMepe nepeaaTodHo (yHKIHMU BTOpOro nopsiaka (5.1):

2 +az +a,

W
) 2" +bz +b,

(5.11)
[IpeanonoxuM, UYTO  XApaKTEPUCTUYECKOE ypAaBHEHUE HMEET  JIBa
JNEUCTBUTENBHBIX pa3auuHblx KOpHS ( P12 ). B 3ToM ciywae wucxonHas

nepeaaToyHas QyHKIUS MOXKET ObITh IPEACTaBIeHa CYMMOW COCTaBJISIFOIINX
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(5.12)

rae ko3ddurmentsl C; , C, paCCUUTHIBAIOTCS MO CICAYIOMNUM 3aBUCUMOCTSIM:

C,=(a, b, +(a,-b) B3 )/ (B~ B);
Cz :_(az _bz + (ai _bz)ﬂz)/(ﬂl _ﬂz) .

Jlanee, aHaJTOTUYHO MEPBOMY CIIOCOOY:

1 1
W(z)=1+ Gz —+ L —
1_ﬂ12 1_ﬂ22

(5.13)

M BBOJISIT HOBBIC IICPCMCHHEBIC!

G2)=—elr) E(D)=e(2)

- _.e = .
1- Bz 1-p,27"

HepeMeHHme COCTOAHUA OIIPCACIIAIOTCA BBIPAKCHUCM

(0)= 1 ele)= G4 2)
(D) =1 ela)= 2, 0)

CooTBeTcTBYIOIIas CXeMa MOJICTUPOBAHMS PEICTABIECHA HA pUC.D.4:

1
& K] C,
e [k] 1
Z —e—>
X, [K]
- [K]
y
£ IK] —» C, >
1
il gAY
BZ R E—
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Puc.5.4.

Pa3HocTHBIE YPaBHCHUA CUCTCMbI 6y,HYT UMCTb BUA:

Xl[k + 1] = BX [k] + e[k]
X, [k + 1] = B,X, [k] + e[k];
ylk]= Cyx, [k ]+ C,x, [k]+ K] (5.14)
[Ipu 3TOM MaTpuuel Oy1yT UMETH BUL:
g} vl
0 2B, 1
c=(c, ¢, D=()

I[OCTOI/IHCTBO 3TOro cmoco0a COCTOMT B TOM, 4YTO MaTpuia A IMOJIy4acTCA

JAArOHAIBHOM, HO TIPU 3TOM YHCIIA P P MOTYT OKa3aThCsl KOMIUICKCHBIMM.

3. Cnocod nmocJie10BaTeIbHOT0 NPOrPAMMHUPOBAHUS

OO01mast ero uaes 3aKII0YaeTCs B CICAYIONIEM:

YPaBHEHUIO CUCTEMBI B ONIEPATOPHON (hOpME 3alncy PUAAECTCS BUA:

y(Z){%.e(z)j. 1y,

1- Bz 1- B,z
U CXeMa MOJEIMPOBAHUSA COCTABIISAETCS KaK IOCIIEAOBATEIHHOCTD OJHOTHITHBIX

KackajoB (puc.5.5).
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& [K]

K
1K e N
S
Ik ’ Yooy
! 7 ol > —y2—>®—>
N
Puc.5.5.

VYpaBHEHUS COCTOSIHUSI CUCTEMBI IIPU 3TOM OyJIyT UMEThH BUJL:

Xl[k +1] = ﬂlxl[k]+ e[k];
X, [k +1] = (B —7/1)X1[k]+ﬂ2X2 [k]—l—e[k];

ylk]= (8, = o x[k]+ (B, = 7, Jx, K]+ elK] (5.15)

Martpuist A,B,C,D 6ynyT onpenenstbest CleayoINMMI BRIPAXKEHUSIMHU:

S
:81_71 ﬂz 1
C:(ﬂ1_71’ ﬂ2_72); D:(l)'

Marpuia A npu 3TOM ABISIETCA TPEYTOJIbHOM.

CocraBnenue OJIOK—CXEMbI MOJEIUPOBAHUS TUCKPETHBIX CUCTEM SIBIISACTCS
BOXHBIM JTanioM uX wuccienoBaus. C MOMOIIBIO OJOK — CXEMbl MOXHO
pallMOHAJIBHO BBLIOpATh MEPEMEHHBIE COCTOSIHUS CHUCTEMBI, a TaKXKe MEPEeUTH K
OTHMCAHUIO TUHAMUKHI CUCTEMBI B paMKax armaparta JUCKPETHOTO MpeoOpa3oBaHus

Jlanaca unu Z — npeoOpa3oBaHus.
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IIpumep MoaeupoBaHus

B kadectBe nmpuMepa, WUIIOCTPUPYIOIMIETO  HU3JI0KEHHBIE  METOJbI
IPOrpaMMUPOBAHMS PACCMOTPUM 3aJiauy MpeoOpa3oBaHusl U MOJEIUPOBaHUS Z —

nepeaaToyHon (PyHKIIMU BTOPOTO MOPSJIKA :

W(Z)_ ZZ+22+3
2°+052+0,06

[IpeoGpazoBannas [1D:

W(Z)_ 1+ 22_1+32_2
1+0,527+0,0627% -

Cxema MoJiennMpoBaHusi UMeeT BU (puc.5.6):

<[] x[K] y[K

e [K]

%, [K]
>

-0,5 [&——

-0,06 |=

Puc.5.6
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KoneuHo-pa3HOCTHOE ypaBHEHHE, COOTBETCTBYIOIIEE NPHUBEICHHON CcXeme

MoJenupoBaHus (puc.o.6), uMeeT BU

X1[k+1]=-0,5 x1[K] — 0,06 x,[K] + ¢[K];
Xo[K+1]= x([K] ;

yIKI=2 xa[K] + 3%[K]+ e[K] - 0,5 X, [K] — 0,06 x,[K]=
= 1,5 x,[K] + 2,94 x,[K]+ e[k]

Simulink-momens  uWcciiegyeMoit  CHCTEMBI ¢ ITOCJICOBATEIbLHBIM
KOPPEKTUPYIOIIUM  YCTPOWCTBOM, pEATM30BAHHBIM CTAHIAPTHBIM  MOJYJIEM

Diskrete State-Spase, npejicraBieHa Ha puc.5.7.

. o 1+2z 4372 [
Tl 1+0.52%0.0622 T
Constant Discrete Filter Scope
I
VV
Gain2
';P}
Gain T
* 1
1 » 1 » L o> e/ >
z z I/ Scope3
Constant1 Unit Delay Unit Delay Gain1
Gain3

y(n)=Cx(n}+Du(n)
x(n+1)=Ax(n)+Bu(n)

Constant2
onstan Discrete State-Space Scope2

1

L 2
¥

Puc.5.7.
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I1l.  OBBEKT UCCJIIEJOBAHUA, OBOPY/IOBAHUE.
1. Tlepenarouynas byHKUIUS KOPPEKTUPYIOLLETO 3BEHA (3amaeTcs
IPEnoaBaTesieM).
2. TlepcoHabHBIN KOMITBIOTED.
3. Cpena moaenupoBanus MatLab/SimuLink.
V. TEJIM 1 3AAYN UCCIIEAOBAHUA
OtpaboTka METONMKHM Iepexoja OT Z-lepeAaToyHor (QyHKIMH K

Pa3HOCTHBIM YpaBHEHHSIM B cpeae SimulLink.,

VI. TIOPAAOK BBIIIOJIHEHUA PABOTHI

1. TlomyuuTh OT TpemojaBaTesis WHIWBUIYyAIbHOE 3aJaHHE Ha
MoJIeNTupoBaHue (1mepeaaTounas PyHKIUS U TAKT KBAHTOBAHMS).

2. Bpmonauts mpeodpazoBanusi [ID, HeoOxomumble i peann3aliuu
IPSIMOTO, NapasuieIbHOTO u IIOCJIEIOBATEIBHOTO METOJI0B
MPOTpaMMHUPOBAHUS.

3. CdopmupoBath MoJIeINb Z-TiepenaTouHol GyHKImU B cpeae SimuLink,
cooTBeTCTBYIOITYIO (5.1).

4. BbINOTHUTH HACTPOUKY APAMETPOB MOJAECIIH.

5. TlpoBecTu aHanu3 XapaKTEPUCTHK.

6. CdopmupoBath Mozenb mpeodpazoBanHoir [1D B cpene SimuLink,
COOTBETCTBYIONIYIO (5.6).

7. BBIIOTHUTH HACTPONKY MApaAMETPOB MOJICIIH.

8. CdopmupoBats Monenb [1D, COOTBETCTBYIONIYI0 METOIY MPSMOTO
nporpaMmmupoBanus B cpene SimuLink (puc.5.3).

9. IIpoBecTH aHaU3 XapaKTEPUCTHK.

10. BbIMOAHUTE ~ TEPEYMCIICHHBIE  BBIIIE  IIard  JUIsi  METOJIOB
MapajuieIbHOTO U MOCJIEeA0BaTEILHOTO MPOTPAMMUPOBAHUM.

11. TIpoBecTu aHAIN3 XapaKTEPUCTUK.
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Homepa BapuaHTOB ¢ mapameTpamu nepeaaTouHol GyHKIMKA BTOPOTO MOpsiaKa

2
W(z)= a,2° +a,z +a,

bz’ +bz' +b,

IpCACTAaBJICHLI B Ta6J'H/II_[e:

Homep To Ao a a, bo b, b,
BapuaHTa

1. 0,01 50,0 1,0 2,0 1,0 -0,3 0,2
2. 0,001 40,0 2,0 0,0 2.0 0,2 -0,4
3. 0,002 30,0 4,0 -2,0 3,0 0,9 0,6
4. 0,05 20,0 10,0 5,0 4,0 -3,6 8,0
5. 0,0025 10,0 0,0 2,0 5,0 0,5 -10,0
6. 0,003 50,0 -5,0 0,0 1,0 0,9 2,0
7. 0,004 40,0 20,0 10,0 2,0 -0,2 -4,0
8. 0,04 30,0 -10,0 -15,0 3,0 -1,5 1,2
9. 0,009 20,0 10,0 15,0 4,0 1,2 1,6
10. 0,006 10,0 5,0 2,0 5,0 2,0 2,0
11. 0,0016 50,0 -2,0 -5,0 1,0 -0,3 -0,4
12. 0,0025 40,0 0,0 -5,0 2,0 -0,4 2,0
13. 0,0016 30,0 -2,0 0,0 3,0 0,9 3,0
14. 0,09 20,0 10,0 5,0 4,0 2,8 4,0
15. 0,02 10,0 -10,0 5,0 5,0 -1,5 5,0
16. 0,06 50,0 20,0 10,0 1,0 -1,0 2,4
17. 0,003 40,0 0,0 20,0 2,0 0,4 -4,8
18. 0,007 30,0 15,0 3,0 3,0 3,0 7,2
19. 0,0015 20,0 20,0 -20,0 4,0 -0,8 -9,6
20. 0,0025 10,0 5,0 -10,0 5,0 -3,0 2,5
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VI. O®OOPMJIEHUE OTYETA
OT4eTr NOMKEH COAEpKAaThb CXEMbl MOJEIMPOBAHUS JUCKPETHBIX CHCTEM,
COOTBETCTBYIOIIMX PACCMOTPEHHBIM METOAAM IMPOrPAMMHUPOBAHMS, PaCUETHBIE

MEPEXO0/IHbIE MPOIECCHI, OMKCAaHUE 3BEHbEB (Mpoleayp), peanusyronux 110.

VIll. KOHTPOJIbHBIE BOITPOCHI

2. Kakue MHCTpyMEHTalbHbIE CpPEACTBa MpeaocTaBiseT cpeaa Simulink s
MOJICIIMPOBAHUS TUCKPETHBIX KOPPEKTUPYIOIINX YCTPOHCTB?

3. Kakme meToap! mporpaMMUpOBaHUs UCTIOIB30BaHbI B JAaHHON paboTe?

4. YKaxxuTe Ha OCHOBHBIE JOCTOMHCTBA M HEIOCTATKH PacCCMOTPEHHBIX

METOJIOB MPOTPAMMHUPOBAHUS?
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JlaGopaTtopHas pabota Ne 6

MOJIEJNPOBAHUE UMITYJIbCHOM CUCTEMBI C
IMOCJIEJOBATEJIBHBIM KOPPEKTHUPYIOIIIUM
YCTPOMCTBOM

1. OEJIb U 3ATAYU PABOTEI

AHaJIM3 XapaKTEPUCTUK JUCKPETHBIX CHUCTEM C MOCJIEA0BATEIbHBIMU
koppektupyromumu  ycrporictBamu  (ITIKVY).  IlpuoOGperenne mpakTHYECKHUX
HaBBIKOB MojenupoBanus AuckpetHoix I[IKY ¢ mnpumenenumem ammapara 2z-

nepeIaToYHbIX QYHKUUNA U PA3HOCTHBIX YPAaBHEHHI.

Il. TEOPETUYECKUE CBEJIEHUA.

Pacuer IEPEXOHOIO0 Mmpoiecca B PIMl'[yJIbCHOﬁ CHCTEME C ImocjaeaoBa-

TCJIABHBIM KOPPECKTHUPYIOIIIUM yCTpOﬁCTBOM

PaccmoTpum pacyer mepexoAHBIX NPOLECCOB B HMITYJIBCHOW CHUCTEME C
MOCJEAOBATENBHBIM  KOPPEKTUPYIOIIUM  YCTPOMCTBOM,  NPEACTABIECHHBIM
Z-niepeiaTouHON (QyHKITHA.

JomyctuM - Mozenb OOBEKTa YNpPaBICHUS PaccMaTpPUBAEMON HMITYJIbCHOM

CUCTEMBI UIMEET BU/JI, IPEICTABJICHHBIN Ha puc.6.1.

1710
e emat®.

0,000+ = =

Transfer Fend Integratar

Gaind

Omeg

Puc.6.1
Jlasiee TpEAONOKUM, YTO B pe3yjbTaTe CHUHTE3a YAaCTOTHBIMH METOJIaMH,

HaMpuMep, € TOMOIIBI0 JIOTAPU(PMHUUECKUX TCEBIOYACTOTHBIX XapaKTEPUCTHK,
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noJlyuyeHa IMepefaTrouHas (QYHKIHS MOCIEAOBATEIBHOIO KOPPEKTUPYIOLIETO
ycrporictsa (IIKVY):
2.667z —2.383

WD == o165 (6.1)

VYcranoBnennbiid TakT kBaHTOoBaHusa (.001 c.
PaccmoTpum ciemyromniue BapraHThl pacdyeTa XapaKTePUCTUK JUHAMHYECKON
CUCTEMBI C YKa3aHHBIM KOPPEKTUPYIOIINM YCTPOUCTBOM:

- HEMOCPEJCTBEHHBIM BKJIIOYCHUEM B KaHAJ OITUOKHU Z-TIepeaTOYHOMN
(GYHKIIMM II0CICI0BATEIBHOIO KOoppekTHpytomiero ycrpoiicrea (Diskrete
Transfer Fcn);

- BKJIIOYEHHMEM B KaHan ommOku wmoxyias Diskrete State-Spase,
pear3yIIero DKBUBAJICHTHYI0  CHCTEMY  KOHEYHO-Pa3HOCTHBIX
YpPaBHECHUH;

- peanu3anus SKBHBAICHTHOM CHUCTEMBbl KOHEYHO-Pa3HOCTHBIX

ypaBHEHUH M-QYHKIUSMHU.

1.1. BxiioyeHueM B KaHAJ OIUOKM Z-niepeIaToOuHO QyHKIHN

Simulink  mozens  uccieagyeMoll  CHCTEMBI C  IIOCIIEAOBATEIbLHBIM

KOPPEKTUPYIOIIUM YCTPOUCTBOM TMpEACTaBICHA Ha prC.6.2.

¥
—

2 B67z2 383 Ugal
—_— - u Scope
z+0 G165 Omeq

Constant2 o -
Manual Gain1 - Zero-Order Saturation Ofnert s
Sitch Tra[:'ﬂlzfc:ret:cﬂ Hold
FF =
Sine iawed Seope2
O

Puc.6.2
3Beno Gainl Ha puc 6.2. COOTBETCTBYeT BBEJACHHOMY KOA(DOUIIUCHTY
nepeaayu B KoHTyp ynpasienus (4000). 3seno Gain2 Ha puc 6.2. COOTBETCTBYET
koapdunmenty nepenauu peaykropa (1/300).
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[Mapamerper monynst Diskrete Transfer Fcn u mapamerpsl mMopenupoBaHus

(BpeMs pacuera MEPEeXOJHOT0 MpoIlecca, METOJ WHTEIPUPOBAHUS U OIINOKA)

Mpe/ICcTaBlIeHbl Ha puc. 6.3 1 6.4 COOTBETCTBEHHO.

Block Parameters: Discrete Transf

—Dizcrete Transfer Foh

wiclth equals the number of rows in the numeratar. Coefficients are for
descending powers of 2.

Matrix expression far numeratar, vector expressian far denominatar. Output

—Parameters
Murmerator:

|[2.55?-2.333]

Denominatar:

<} Simulation Parameters: syst2002_KRU o [

‘Warkspace I!Ol Diagnusticsl Advancedl Real-Time Warkshg

Stop time:l iz

Solver

Simulation time

Starttime: | na

Solver options

Type: I\/ariable-step j

tax step size: | auto
tin step size: I auto

|0de45 {Dormand-Prince) j

Felative tolerance: | 1e-6

Absolute tolerance: | auto

I[1 0.6165] Initial step size: |autu

Sample time: Output optians

IIJ.UU1 IRefine output j Riefine factor: |1
Puc.6.3 Puc. 6.4

PacuetHbie nepexoaHbIe MPOIIECCHI IO PETYIUPYEMOUN KOOPJIUHATE U 110

omuOKe yrnpaBJIeHUs MPEICTaBICHBI HAa prC.6.5.

BrixogHas koopauHara

Ommbka

1
0 0.02

1
0.04

1 1
0.06 0.08 0.1

Puc.6.5
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Monayne Scopel wucnonb3yercss A OTOOpaKeHHUsS BBIXOAHOW KOOPAMHATHI
CUCTeMbl W OMMOKH MO YympaBieHH0. Moaynb SCOpPE2 wucmoiab3yercs A
O0TOOpaXKeHHUsT CKOPOCTH HM3MEHEHMsI BBIXOJHOW KoopAMHAThl. Monynb Scope3

UCITIOJIB3YETCS 111 OTOOPAKEHUSI YITPABJISIOIIErO HAIIPSKEHUS.

6.2. IIpencraBiienne MOCJIeI0BATEIHLHOTO0 KOPPEKTHPYIOIIETO
yCTpolicTBa CHCTeMOH PAa3HOCTHBIX YpaBHEHHWH ¢ HCHOJIb30BAHHEM

craHgapTHoro MmoxyJs Simulink

C wenpro peayM3aluy IMOCIEI0BATEILHOTO KOPPEKTUPYIOIIETO YCTPOMCTBA,
npeacTaBieHHoro Z-nepeaatoynoit ¢ynkuuei (6.1), cucreMod pa3HOCTHBIX
ypaBHeHu# (CKVY) HeoOXoauMo MpeaBapUTEIbHO OCYUIECTBUTH MEPEXO] OT
z-nepenarounoil pynkuuu k CKY. Bpimonanum ykazaHHoe MpeoOpa3oBaHUE C
IOMOUIBI0 METOAAa MPSIMOIO MPOrpaMMHUPOBAHUS, OIMUCAHHOIO BO BTOPOM.
[IpencraBuM  ucxogHyl  Z-mepenatodynyro  ¢yakmuio (6.1) B Bume
HOCJIEI0BATEIBHOIO COEINHEHUS 3BEHBEB:

2.667-2.383z7" 1
1+0.6165z7 1+0.6165z*

W(z) = *(2.667-2.383z7"). (6.2

Cxema monenupoBaHus Z-miepefaTouHol ¢GyHkiuu (6.2), mocTpoeHHas B

COOTBETCTBHH C METOJIOM IMPSMOT0 IIPOrpaMMHUPOBaHUS, TIPEICTaBlieHa Ha puc.6.6.

> 2.667

o X1 2.383 K

\ 4
N

AN
A

—<—-0.6165

Puc.6.6
KoHeuHO-pa3HOCTHOE ypaBHEHHE, COOTBETCTBYIOIIEE NPUBEICHHONW CXeMe

MozenupoBaHus (puc.6.6), umeeT BUj
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X[k +1] = a* x[k] + b*e[K];

u[k] = c* x[k] + d *e[K],

rae a= -0.6165; b=1; ¢=-4.0272055; d=2.667.

Simulink-monens HCCIIeyeMOi

KOPPEKTUPYIOIIMM  YCTPOWCTBOM,

Diskrete State-Spase, npeacrapieHa Ha puc.6.7.

CHCTCMBI

peann30BaHHbBIM

(6.3)

C IIOCJICA0BATCIbHBIM

CTaHAAPTHBIM  MOAYJICM

|
0.4
Lgal
Constant? (= Cnp Ducn) =J_LL - - {u
Scopet
S > > P i+t Bui) Omeg [ @ ainz P
hanual Gaint Discrete Zero-Order  Saturation OfberT
Switch State-Space Hold
M o[ ]
Sine Wawed
Scopel
]
Scopes
Puc.6.7

[MapameTpsr Momyiist Diskrete State-Spase u pacueTHbBIN MepexoIHbINA TPOIIECC

IpeICTaBICHbI Ha PUC.6.8 1 6.9 COOTBETCTBEHHO.

Block Parameters: Discrete State-

—Discrete State Space

Discrete state-space model:
*(n+1) = Ax(n) + Buln)
yir) = Cxin) + Duin)

—Parameters
A

|—n.51 65

B:
|1
[

|—4.02?2055

D:
|2.55?

Initial conditions:
|0

Sample time:
|0.001

Puc.6.8

0

1
0.0z

1 | 1
0.04 .06 0.08 04 ni1z

Puc.6.9

[TapameTpbl MHTETPUPOBAHUS AHAJIOTHUYHBI PACCMOTPEHHOMY BBIIIE IPUMEPY

MojienupoBanus (myHKT 6.1.1).
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6.3. IlpeacraBjieHHe NOCJIEA0BATEIBLHOI0 KOPPEKTHPYIOIIET0
yCTpoicTBa cucremMon Pa3HOCTHBIX YPaBHECHU U c
HUCIOJIb30BaHUEM M-(PYyHKIHUA

PaccMoTpuM BapuaHT peanu3alii MPEACTABICHHE IMOCIEI0BATEIHLHOTO
KOPPEKTUPYIOIIETO  YCTPOWCTBA CUCTEMOW pa3HOCTHBIX ypaBHEHWH, s
MOJICTTUPOBAHUS KOTOPBIX MCIIONB3YIOTCS HECTaHAAPTHBIE M-(yHKIINY.

Pa3HocTHOE ypaBHEHHE, peaau3yIoliee MocIeI0BaTeIbHOE KOPPEKTUPYIOIIee
YCTPOMCTBO, COOTBETCTBYET TMoNydeHHOMY panee (6.3). PaspabateiBacmas
M-QyHKIKS JOJDKHA pPEaJr30BBIBATh pAcCUeT YIPABIISIONIETO BO3JICHCTBHS B
COOTBETCTBUHM C yKa3aHHBIM YpaBHEHHEM B MOMEHTBHI BPEMEHH, OIpEIesieMbIe
3aJJaHHBIM TAaKTOM KBaHTOBAHMUA.

Cxema Simulink-monmenu wuccienyeMoil CHCTEMBI IS PacCMaTPUBAEMOTO

citydasi mpejcrasiieHa Ha puc.6.10.

]

Constantz —pb—be Ugal —p ::
u - {u Scoped

Gain1 t " " Omeg Gain2

My Saturation oBLErT —‘
kf 0.1z L [::]
Sine Mawe1
Clock

Scope

[ ] W[ ]
Scope? Scoped

Puc.6.10

Monyns MIICY (MukpormpoiieccopHasi CUCTEMa yMpaBIICHUS ), pa3BepHyTast
cXeMa KOTOpOro mpexactaBieHa Ha puc.6.11, peanusyer oOpamenne k MATLAB
Function ¢ umenem CSU. ®opmuposanue oopamienuss k MATLAB Function CSU

U €€ JINCTUHT TIpe/ICTaBlIeHbI Ha prc.6.12 1 6.13 cOOTBETCTBEHHO.

function upr = CSU (e, t);
global x0;
Funcon
z global tau;
global t0;
Puc.6.11. global upro;
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ift>=10
x1 = e -x0*0.6165;
upr0=2.667*e-4.0272055*x0;

X0 = x1;
MATLAR funchion t0 =10 + tau;
|CSU(1). u(2) end:;
upr = upro;
Puc.6.12 Prc.6.13
P
Salver | Workspace /0| Diagnostics | Advanced | RealTime Worksho
syst2002_KRU | | |
Simulation time

g:gg:: i((;)’ Start time: | 0.0 Stoptime:|0.12

gIObal tau; Salver aptians

gIObal upro; Type:lFixed-step - |Dde1 (Euler) -
uprO =0 Fixed step size:lW Mode: Im
X0 =0
t0 =0
tau =0.001

Output options

Refine output j REtine factar | 1

Puc.6.15

sim ('syst2002_KRU");

Puc. 6.14

Script-aiin,  ympaBisromMii  mpoleccaMd  3aJaHds  [apaMeTpoB,
MOJICTUPOBAHUS W COXPAHEHUS IMPOMEKYTOUHBIX PE3yIbTaTOB TPEACTaBICH Ha
puc.6.14. HWmsa  daiima, coaepxkamero  Simulink—-mozens  cucTeMsl,
npeacrabieHHon Ha puc.6.10 syst2002_KRU.

PacueTHbie MepexoaHbIE MPOIECCHI MO PETYIMPYEMOW KOOpAMHATE W TIO
OmMOKe yHpaBJICHUs] COOTBETCTBYIOT IpolleccaM, MPEACTaBICHHBIM Ha puc. 6.9.
PacueT mepexoaHOTro mporecca meirecoo0pa3Ho B pacCMaTPUBAEMOM CITydae BECTH
C TOCTOSHHBIM IIIaTOM HWHTETPUPOBaHUsA. B Hamiem ciaydae I peHICHWUs
ucnoias30Bajcs meron uaterpupoBanus 0del (Euler) ¢ mrarom 0.00001 (cm.

puc.6.15).
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V.  OBBEKT UCCIIEAOBAHUNA, OBOPY1OBAHUE.

1. IlepcoHanbHBIN KOMIBIOTED.

VI. 1IEJU U 3AJJAYM UCCJIEJIOBAHUS

OtpaboTKa METOJAMKU MOCTPOSHUSI Mojieel nuckpeTHou cuctemsl ¢ [TIKY B

cpene SimuLink.

VIl. TIOPAAOK BBIITOJIHEHWA PABOTBI

1. CdopmupoBarh MOICIIb AUCKPETHOW CHCTeMBI B cpeae SimulLink,
COOTBETCTBYIOIIYIO 1. 1. 1.

2. BBbINONMHUTH HACTPOIMKY MapaMeTPOB MOECIIH.

3. IlpoBecTu aHanu3 XapaKTEPUCTHK.

4. CdopmupoBaTh MOJCTL TUCKPETHOH cucTeMbl B cpeme Simulink,
COOTBETCTBYIOIIYIO 1I.1.2.

5. BBINONMHUTE HACTPONKY MapaAMETPOB MOJEIIH.

6. IlpoBecTu aHanu3 XapaKTEPUCTHK.

7. CdopmupoBaTh MOIEIh AUCKPETHON cUCTeMBI B cpeae SimuLink,
COOTBETCTBYIONIYIO 11.1.3.

8. BBbINONMHUTH HACTPOIKY MapaMETPOB MOJICIIH.

9. IlpoBecTn aHamM3 XapaKTEPUCTHUK.

VI. OOOPMJIEHUE OTYHETA
OTyer OJKEH COJAEpKaTh CXEMbl MOACIMPOBAHUS JTUCKPETHBIX CHUCTEM,
cootBeTcTBYOmMX I.I.1.1 — 1.3., pacueTHbie MepexoaHbIE MPOLECCHI, ONMUCAHUE

3BEHbEB (Mpouenyp), peanusyromux [IKY.
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IX.  KOHTPOJIbHBIE BOITPOCBI

1. Kakue nHCTpyMEHTaJIbHBIC CPEICTBA MPeaocTaBisieT cpena SimuLink

JUTSE MOJICTTUPOBAHUS JUCKPETHBIX KOPPEKTUPYIOIIUX YCTPONUCTB?

5. B uWem oriauume T1yI00adbHOM  TNEPEMEHHOW OT  JIOKAJIbHOM
MIEPEMEHHOM?
6. Kakum 06pa3oM MoryT ObITH 3a1aHbl mapameTpbl auckperHoro [IKY B

cilydae peaju3aliy ero ¢ MoMoIIbio M.-QpyHKIuu?
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JlabGopaTtopHnas pabota Ne 7

IHOCTPOEHHUE MATEMATHYECKOM MOJEJIHN
JUCKPETHOHU CUCTEMbI BO BPEMEHHOHU OBJIACTH

|. HEJIb 1 3BAZTAYU PABOTBI

N3yuenne ocoOEHHOCTEN MOCTPOEHUSI MAaTEMAaTUUECKOW MOJENH HU(PPOBOU
CUCTEMBbI, OIHUCHIBAIONIEH €€ TMOBEJACHUE B JUCKPETHbIE MOMEHTHI BPEMEHU;
MOCTPOEHUE MOJIETTU PA3OMKHYTOM CHUCTEMbI; MOCTPOEHUE MOJIETU 3aMKHYTOMH

CHCTCMBEI.

Il . TEOPETUYECKUE CBEAEHUA

PaCCMOTpI/IM MCTOAUKY COCTABJICHUA Pa3HOCTHBIX ypaBHeHI/Iﬁ HMITYJIbCHBIX
CUCTCM Ha IIPHUMCPC MHOFOMepHOﬁ CAY. ypaBHCHHH JJIA CUCTEM C OAHUM

BbBIXOJIOM U OJHUM BXOIAOM ABJIAIOTCA YaCTHBIM CIIy4acM.

I/ITaK, A0IIYCTUM, Mbl UMCCM MHOT'OMCPHYIO CHHXPOHHYIO, CI/IH(l)aBHYI'O

UMITYJIbCHYIO cuctemy (puc.7.1).

S U, Y,
— UD, » HY —~

U Y

/> 2 X, X, ;
Ho, > >

fm _________ Um Yr
— Ham —> —>

Puc.7.1.

I/IMHyJ'IBCHBIe AJIEMEHTEHI B ATOM CXEME UMEIOT OIHMHAKOBBIC HaCTOThI

KBaHTOBAaHUS U pabOTarOT CUH(A3HO.
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[TycTb HempepbIBHAs YaCTh CUCTEMBI OMMCHIBACTCS CUCTEMON
nuddepeHIMaTbHBIX YpaBHEHHU, KOTOpas B MaTpUYHOU (popMe 3amicH UMeeT
CJICIYFOILIUN BUL:

X(t) = Ax(t) + Bu(t) (7.1)
y(t) = Cx(t) + Du(t)
rie X=(Xy,Xz,...Xn)- N-MEPHBIN BEKTOP MEPEMEHHBIX COCTOSHUS,
U=(Ug,Us,...Up)- M-MepHBII BEKTOP BXOJIHBIX BO3JICHCTBHIA,
Y=(Y1,Y2;-..Yr)- F-MEpHBII BEKTOP BBIXOHBIX TEPEMCHHBIX.
Martpuiet A,B,C,D umerot cineayroniue pasmepHoctu: A-(Nxn)- matpuna; B-

(nxm)- matpuna; C-(rxn)- matpuria; D-(rxn)- maTpura.

I'paduuecku, ypaBHeHusM (7.1) COOTBETCTBYET ClIeAyIONIAs CTPYKTYpHAs

cXEMma.

w

l/p—— C

Puc.7.2.

I[BOIZHBIG CTPCJIKHK YKA3bIBAIOT HA TO, YTO YCTAHABJIMBACMbBIC UMU CBA3H

OTHOCATCA K BEKTOPHBIM BCIIMYMHAM.

Marpuiia 4 - oOCHOBHas WJIM COOCTBEHHasi MaTpuila cucteMbl. OHa
OTpeieIIIeT YCTOMYUBOCTh M, COOTBETCTBEHHO, XapaKTep CBOOOIHBIX JIBMKCHUM

CHCTCMBHI.

Martpuna B - matpuiia GopMHUpPOBAHUS YIIPABJICHHSI, OHA OTIPEEISIET

nepecaaTOYHbIC CBOMCTBA CUCTEMBI U XapaKTCPHUCTUKHU BBIHYXXJICHHOT'O JIBUKCHU .
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ManI/IHa C- OoNnpecACACT CBA3b MCIKAY BbIXOJHBIMU IICPEMCHHBIMU U

NEPEMCHHBIMU COCTOAHMA.

ManI/IHa D - YCTaHaBJIIMBACT HCIIOCPCACTBCHHYIO 3dBUCUMOCTD BBIXOJHBIX
KOooOpAaArHAT CUCTEMbI OT BXOJHBIX IICPECMCHHBIX (TaK Ha3bIBACMasl MaTpHIld

obxoma).

IHepexoa ot cucrembl U PepeHIHATBHBIX K CUCTEME KOHEYHO-
Pa3HOCTHBIX YPABHEHUM.
PaccMmoTpum pelieHre 0THOPOIHOM cUCTeMBI TudPepeHIInaTbHbIX
YPaBHECHUU:

x(t) = Ax(t)
IIpU HaYaJIbHBIX YCIOBUAX : x‘ st = Xp-
—0
OO6miee pelieHue:
x(t)=e™C,,

rne Co - MaTpHIa - cTonbel, onpe/ensieMas Ha9adbHBIMH YCIOBUSIMU:
_ A
X(to)=%o=€""Cy ,

Coze_AtOXO, X(t):eA(t_tO)X(to) .

llosacnenua:

€ - aKcnoneHyuanvHas mampuya (NxN), onpedensemas KaK cymma
paoa :

2,2 o pkik
eAtzEJrﬂJrA—t+...=ZA—t
TR P

QKCI’ZOHGHZ/!MCUZbHa}Z mampuya obnadaem ce0UCMBAMU DKCNOHEHMbL.

L 1 t=0 , ell=E

Marpuna:

A(t-tg)

D(tto) = € (7.2)
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OTIPEIEIISIIONIAs PEIICHUE OTHOPOIHOTO AU dHepeHITNATBLHOTO YPaBHEHNUS,
Ha3bIBAETCS MepPeXoAHOM MaTpuleii cocTosTHUS (MaTpUlleh rmepexona).

CBoiicTBa MepexoAHON MaTPUIBIL:
1' (D(tOVtO):Ea

2. D(t,t))= D (to ,);
3. O(to,t2)= D(to,ty) D(t,t2), to< t1< t;
4. J1ns TMHEMHON CUCTEMBI C MMOCTOSHHBIMH KO3 (hUllneHTaMu MaTpuiia

nepexoja siisieTcst GyHKUUen Tobko -1y .

Tenepps paccMOTPHM HEOAHOPOTHOE YpaBHEHHUE!

x = Ax + Bul(t). (7.3)

O003HaYNM

A(t—
D(tt)=dt-t)=e’ "

Bynem uckaTh peleHre HeoJHOPOIHOTO ypaBHeHus (7.3) B BUjE:

XM=t i) = € () (7.4)

Huddepennupys (7.4) no t, momyuum:
X(t) = Bt - 16)Cy (1) + Dt — 1 )Cat) =
= AA0le, 1)+ ot ~ 1 G (1) =
= AX(t)+ @t —1o)C, (1)
CpaBHHBas oJy4YeHHOE ypaBHeHue U (7.3), morydum:
Dt — 1o )Cy(t) = Bu(t).
Otcrona:
Glt)= [&7 e —to)Bu(r)dr + C.
t
YuuThiBasi CBOMCTBO nepexoaHoi MaTpuIlsl D(ty,tp)= @-1(,[2 ,t1), MOXKHO 3amucaTh:
oz —t) = Dty —7) =0,

Y4uuTeIBast, 4TO
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t
X(t) = D(t-to) Ci(t) = P(t-ty) Co+ Pt-ty) [@ 7z -1, )Bu(z)dr,
to
Haﬁ,ﬂeM ITPOU3BCACHUC!

ot —t,) [0~ 1) Bu(r)dr =

_ jcp(t 1)ty - 7)Bu(r)dr =

t t
= jeA(t_tO JgAlto _T)Bu(r)dz' = J'eA(t_T)Bu(r)dr
to to

Takum oOpazom, pemenue ypaBHeHHs (7.3) MOXXHO 3amucarth B BUJIE:
t
X(t) = cD(t - tO)C2 + jCD(t - Z')BU(T)dT.
to

Martpuny- cronden C, HaliieM, UCIIOJIb3Ysl HA4aJIbHbIE YCIOBUSL:
X(to): Co.

OKOHYATENBHO MOJYyYHM:

t

X(t) = Dt —to )X(ty )+ [D(t —7)Bu(z)dz.
fo
[Ipenmnonoxum, 9To B KadyecTBe (POPMUPYIOIIETO 3BEHA HCIIONIB3YeTCS

IKCTPANIOJATOP HYJIEBOTO MopsiaKa. Toria B TeUSHHE KaXKI0TO M3 HHTEPBAJIOB
kBaHToBaHM: KT <t < (k + 1)T, k =0,1,... Ha BXOJ HEMPEPHIBHOM YaCcTH
HOCTyMaeT MoCcTOsSHHBIN curHain U(t)=const=u[kT]. [Tomaras n3BecTHHIMHU
3HaueHusAMU X nipu to=KT, Haligem ux 3nauenus npu t=(k+1)T. [ToxcraBus
COOTBETCTBYIOIIME 3HAYCHHSI B PEIICHHE CHCTEMBbI AuddepeHIIraIbHbIX

YPaBHEHUM, [OJIYYUM:
Wk + 7] = D(TIKT] + [ 0T = 2)eBulkT].
0

OxoHYaTEIBHO YPaBHCHHUC COCTOAHUS IJIsI JUCKPETHBIX MOMCHTOB

BpCMCHI/I OHpe)IGJ'II/ITCSI B BHUJIC.
X[(k+1)T]=@(T)Xx[KT]+Hu[kT], (7.5)
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rmue H = _TCD(T - T)BdT.
0

JomonHsst ypaBHeHHE (7.5) TUCKPETHBIM aHAJIOTOM 3aBUcUMOCTH (7.1), morydanm

OKOHYATCIbHYIO CUCTCMY Pa3HOCTHLBIX ypaBHCHI/Iﬁ B BUJIC:

X[(k+1)T]=@(T)x[KT]+Hu[KkT], (7.6)
Y[KT]=Cx[kT]+Du[kT] (7.7)

rae @ - coOCTBEHHAs MaTpUIla UMITYJILCHON CUCTEMBI - d=¢"T :
H- maTpuna Bxoaa:

T
1 = [T NdeB = 426 —E)p (7.8)
0
)
o= J‘eA(T—T)dZ_ B__1galr—r) ‘;B _
0 :

_ _A—l(E B eAT)B _ A—l(eAT B E)B
E - elMHNYHAS MaTPHUIla COOTBETCTBYIOMIEH pasmepHocTH . Matpuisl C u D mpu

nepexoe ot ypaBHenus (7.1) x (7.7) He U3MEHSIOTCS .

Takum 00pa3oM MoayyeHa CUCTEMA Pa3HOCTHBIX YPaBHEHUM,

onuceiBaromas VC .

Cnoco0b1 BbIYMCJICHHUS NIEPEXO0IHON MAaTPHUIbI.

. . AT
JIns1 BBIUKMCIIEHUI IEPEXOAHON MaTpullbl P=¢" NPUMEHSIOT KaK

AHAJIUTHYCCKHUC , TAK U YUCIICHHBIC MCTOIbI .

PaccmoTpum aHaTMTUYECKUIA METO]T , OCHOBAHHBIM HA UCIIOJIb30BAaHUU
npeodpazoBanus Jlamnaca . Beimosnum npeoOpaszoBanus Jlannaca Hasl cuctemMoit

JY, onuceiBaronux noseacHue CAY :
x = Ax(t)+ BU(t);,
px(p) - x(0) = 4x(p) + BU(p),

rae x(p) = LIx(t)x(0) = x(t), _ ;
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[PE — Alx(p) = x(0) + BU(p);
X(p) = [PE — 4] x(0) + [pE — 4] " BU(p).

CpaBnauBas pemeHue X(P)-B odimactu n300paxkeHus ¢ perenneM X(t)-Bo

BPEMEHHOM 001acTH :
t
X(t)= &t -ty )X(to )+ [@(t — 7)BU(z)d 7.
fo

MO>KHO BHJIETH ,4TO : cb(t) = L_l{[pE — Alenpsz :

VIl. OBBEKT UCCIIEJOBAHUAA, OBOPYIOBAHUE.
1.ITapaMeTpbl CHJIOBOM CHCTEMBI JJIEKTPUUECKOTO CIEASIIEro IMpUBOJA
ITOCTOSTHHOTO TOKA.

2. IlepcoHaAIBHBIN KOMITBIOTED.
VIII. IEJI U 3AJAYA NCCIIEJOBAHKA

CrpykrypHas cxema uccnenyemoi CAY npencrasieHa Ha puc.3

A K y y
’ (T1p+1) Up ’

A 4
v

Puc. 7.3.
AWND ocymiecTBIsSCT BBHIOOPKY M (PHKCALMIO YIPABIISIONIET0 CHUTHAla Ha

MEPUOJI€ KBAHTOBAHUS.,
TpeOyeTcsi TOCTPOUTh KOHEUHO-PA3HOCTHYIO MATPUUHYIO MAaTEMATUYECKYIO
MOJIEJIb CHJIOBOM CHCTEMBI MPHUBOJIA, CTPYKTYpPHAsl CXe€Ma KOTOPOW Mpe/IcTaBiIeHa

Ha puc. 7.3.
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IX. TIOPAAOK BBITIOJIHEHWA PABOTBI

Pacuer mepexoaHoil MAaTpUIbl U MATPUIIbLI YIIPABJIEHUS TUCKPETHOM

MOJAEC/IH HENMPEPBIBHOT'O 00beKTa YHpaBJICHUS

PaccmoTprm  pemieHne  npakTHYECKOM — 3aJayd  pacyera  DJIEMEHTOB
NEepPeEXOAHOM MaTpulbl M MaTpPULBl yOpaBiICHUS JII OOBEKTa YyIpaBJiCHHS,
IPEJICTaBIISIFOIIET0 COOON CUIIOBYIO CUCTEMY JIEKTPUUYECKOTO CIAEASIIETO MPUBOIA
C JBHrarejlieM MOCTOSHHOrO Toka. lIpeamonoxkuMm, dYTO AUMHAMHYECKHE
XapaKTEpUCTUKU CHJIOBOM CHUCTEMBI  OIMCBIBAIOTCS CUCTEMOW  JIMHEWHBIX

nudepeHInanbHbIX YpaBHEHUN TPETHETO MOPSIKA:

X, =X, ;
X, =(My =M )Js , My =C,-Xg-k; (7.9)
X =(Uu—- C, X, -k, —X;-1)L,,

r

IJIc X; — YroJ MOBOPOTa BBIXOJHOTO Bajla CIEIAIIEH CHCTEMBI, X, — 4YacTOTa
BpAIICHUS Bajia CICISIICH CHCTEMBI; X3 — TOK B 1ienu skops asuratens; Cg, Cp —
kodpdunmenter npurarens; My ,M,- MOMEHTBI pa3BHBACMBbIN JBUTATEIEM U
Harpy3ku; I — akTUBHOE COTNPOTHBIICHHUE SKOPS ABUTATENS; L, — MHIYKTUBHOCTH
OOMOTKH SIKOPSI JBUTATENS; U — HANPsKEHUE MOJIBOJIUMOE K SIKOPIO ABHUrartens; J'g
— MIPUBEICHHBI MOMEHT UHEPIIUU JIBUTATEIIA.

[locne »nemeHTapHBIX MpeoOpa3oBaHUM, IS Cclydasl, KOTJla BHEIIHSIS
Harpy3ka OTCYTCTBYET, MpHBEJEHHAs cuctema AuddepeHIuaibHbIX YpaBHEHUN
MOXET OBITh 3allicaHa B CACAYIOIIEH onepaTopHon popMme:

X, =(1/5)- X, ;

X, =(1/5)-(C, - X;-k ) Ja; (7.10)
X, =(1/s)-(u— C, - X, -k, )-(Ln)/(T,s+1).

C menpto pacuera osnemeHtoB wMatpuil, KPY oOwekra ympaBieHwus,

H€O6XOJII/IMO MOCTPOUTDH MOJCJb, IIO3BOJIAIOIIYIO PACCUUTHIBATH 3HAYCHUS
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MIEPEMEHHBIX COCTOSIHHS OOBCKTa YIPABICHHUS B KOHIIC 3aJaHHOTO BPEMEHHOTO
WHTEpBaJla — TaKTa KBaHTOBaHWA. [Ipw 3TOM MoOJenb JOJDKHA TO3BOJIATH
peanM3anmio cxeM, MPUBEACHHBIX Ha puc. /7.4. Cxema, mpeAcTaBlieHHas Ha
puc.5.16.a, oOecreunBaeT pacdyeT MEPEXOAHOTO MPOIECCa  BBI3BAHHOTO
MIPOM3BOJIHHBIMU HAadaJIbHBIMU YCJIOBHSIMH MO KOMIIOHCHTaM BEKTOPA COCTOSHUS

00BbeKTa YIpPaBJICHUA U IIPHU OTCYTCTBUHU YIIPABJIAIOLMICTO CUI'HAJIA.

x(0) %(opo

u=0 . x(t) u®=u©) X(1)
S XO=AX() —— X(O=Ax(t)ru(0) ——

a) 0)
Puc.7.4
CxeMa, nipesictaBiieHHas Ha puc./.4 0, 00ecreunBaeT pacyeT MepexoHOrO
Ipolecca BbI3BAHHOIO MPUIIOKEHUEM CTYNIEHUYATOTr0 CUTHANIA yIPaBIEHUS U
HYJIEBBIX HAYaJIbHBIX YCIOBUAX IO KOMIIOHEHTAM BEKTOPA COCTOSIHUS O0OBEKTa

YIPaBJIEHUS U OTCYTCTBUH YIIPABIISIIOIIETO CUTHAJIA.

Mogens 00bekTa ynpasiaeHUus yno0HO ohOpMUTH B BUJIE MOJICUCTEMBI, Ha
BXOJI KOTOPOM TOCTYyNaeT CUTHal YIpaBIEHUs, a BBIXOJA CBsI3aH C paboyum

pOCTPaHCTBOM (pHuc.7.5).

| l—'l_l Out] ——P» X

Constant To Wodkspace

ofiwerT

S-&rMo Nopagka
Puc. 7.5

Mogens 00bEeKTa ympaBieHUs, MOCTPOEHHAs] B COOTBETCTBUM C CHUCTEMOM

(7.10) mpencraBiena Ha puc.7.6. HayambHble 3HaUE€HHS KOMIIOHEHTOB BEKTOpa
COCTOSIHUSI 3aJ]al0TCSl IMyTEM YCTAHOBKH WHTETPATOPOB, KOTOPHIE WILIIOCTPUPYET

puc./.6.
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o
@ > T N
u - + s = =
Zum R Sum1 1Tz Integratar o)™ kn) Integrator! | Integrator2
K_ |.‘
|‘ iz
©
Puc.7.6

Block Parameters: Integrator

LRl e B lock, Parameters: Integrator

Continuous-ti (— Integrator— -k Parameters: Integrator? =|

— Mapamerpe | Continuous-  — |ntegrator
Ewternal re [~ Mapamerp | Continuous-time integration of the input signal.

External r — MNaparerpel

Initial core

. o - -
Iritial can Initial cor Extermnal reset: Incnne I
IHD[3] Initial cor Initial condition source: Iinternal "’I

w0[Z] Initial condition:

J+001)

I Limit cutput

Upper zaturation limit:
in

Lowwer zaturation limit:
-inf

™ Show saturation port

I Show state port
Abzolute tolerance:

Abzolute t
auto

AEp Iautu:n

gl | Eesert | Help Cloze

\V Ha4aJIbHBIC YCJIOBUS 11O IEPEMEHHBIM COCTOAHUSA

Puc. 7.7

AnroputM mporpamMmbl  pacdeta (M-¢daitna) wW  aHCTHHT  M-daiina,
peaTu3yIoNIero ajaropuTM pacueTa MaTpHI] Mepexo/a W MaTPHIlbl YIPABICHHS,

npeacTaBieHbl Ha puc./.8. u 7.9 COOTBETCTBEHHO.
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N - KOJ-BO NE€pPEMEHHbIX COCTOAHUA
m - KOM-BO BXOOHbIX NepEMEHHbIX
tau - nepnoa kBaHTOBaHUA

OnpepeneHne napametpos OY

)

i=0
A, B - nycTble matpuubl

i>n+m
A
x0 = HyneBsou
cTonbel
u =HyneBou cTonbey,
y y
x0(i)=1 u@i-n)=1
4 v
MpownssecTun MpownssecTn
MoaennpoBaHune MoaennpoBaHue
H.Y. =x0 H.Y. = x0
UBx = u UBx = u
Bpemd = tau Bpems = tau
K maTpuue A nobaBuTtb K maTpuue B npobaButb
i-bIl cTONGeL paBHbI (i - n)-bi1 cTONGeL
nonyy4yeHHoOMY B paBHbIA MONy4YeHHOMY B
pesynbtate pesynbTaTte
MOZEeNNPOBaHNSA BEKTOPY MOAENNPOBaHNSA BEKTOPY
COCTOSHUS CUCTEMBbI COCTOSIHUS CUCTEMbI

i=i+1

v

A, B - maTtpuubl gUCKpeTHON
Mogenu

OKOH4YaHue

Puc.7.8




tau = le-3
for 1 =1 :n+1
if 1 <=n
u = 0;
0 = zeros(n., 1):
x0(1i) = 1:
else
u = 1;
0 = zeros(n., 1):
end ;
simi'syst3' )
¥Final = xz{end, :):
if 1 <=n
Af:, 1)= xFinal'
else
B = xFinal':
end ;
end ;
&
B
objekt_3
sim ('objekt_3')
Puc.7.9

3aIIaHI/IC BpCMCHHU MOJCIHUPOBAHUA W TOYHOCTH PCIICHHA BBbIIIOJIHACTCA

IIyTeCM OIIPpCACIICHUA COOTBCTCTBYIOIINX 3HAYCHUH OKHa [mapamMcTpoOB

MoreupoBanus (puc.7.10)

NEE|

# | Simulation parameters: systd

Salver

Wnrkspacel.-"[ll Diagnusticsl F!T"-.-'-.-"l BT E:-cternall

Sirnulation tme

Smﬂﬁmalﬂﬂ

Salver optiohz

Stnpthne:ltau

Bpewms

Type: I‘v“arial:ule-step j

IDdEdE[DDnnandPnncE

=

HHTCTpHUPOBAHUS.

Max step size: I-El'-lt'II Hehﬁvetmemnce:|1842
Initial step size: Iamu 1e-15

Abzalite tolerance:

Clutput ophions

j Refite factar: I 1

R efine autpt

Apply | Rewvert | Help | Cloze

|

MOTPEIIHOCTb.

AOconoTHag
MOTPEIIHOCTb.

Puc. 7.10

C HOCJIbI0 aHalIM3a IMOJIYUYCHHOI'O pE3yjibTaTa MOXXHO CPAaBHUTL PE3YJIbTATHI

pacdera MepexoHBIX MPOIIECCOB B HUCCIEAYEMOM OOBEKTE YIpaBICHUS MyTEM C
WCIOJIb30BAHUEM HCXOAHOM HENPEPBIBHOM MOJEIH U TNOJIYYEHHOM IUCKPETHOU
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Mojenu 00beKTa ympasieHus. Cxema MOACTUPOBAHUS MEPEXOTHBIX MPOIECCOB B

YKa3aHHBIX MOJIEJISIX MpeJcTaBiieHa Ha puc. /.11,

1
¥ wran
27 I L Ot 1
Constant I:l
ofwerT
Z-ero nopagka Demu:: Pl el CEOPOCTE
1
y(ny= Cany DuCn) Mus Tox
S—
AN+ 1A N Bulnd
Ciscrete State-Space
Cremuxi

Puc. 7.11
[Tapamerpsl cwiioBoi cuctemMbl mpuBoga u cucremMsl KPY omnpenensiorcs B
COOTBETCTBYIOIIMX OJIOKax mapaMeTpoB (puc.7.12 a — mis HempepbIBHON Mojenu U puc.7.12 6-

JUISl KOHEYHO-Pa3HOCTHOM MOJIEIH ).

Block Parameters: Discrete State-Space

Block Parameters: offeekT 3-2ro nopagka

— Dizcrete State Space

Subsystem [mazk]
|— | Digcrete state-space model:
— MapareTpel #[n+1] = Axln] + Buln)
yinl = Cxln] + Duln)

Ha4aneHBIE YCNOEKMA

IE - H;?GME!prI

K.-T nepenauq peaykTopa IE

|200 9

JNEKTPOMATH. MOCT BREMEHH |B

n.002 C

bl QrEHT MHEPLLMM |[1 00:010;001]

|0.000008 D:

K-t npoTuen 3MC I[D :0:0

|0.05 || Eitial conditions;

ConpoTHENEHWE AKOPA p———

[120 [0.001

Sl | Hewert Help | Cloze | Spply | Bt I Help Close
a) 6)

Puc.7.12.

PesynbraTel MogenupoBaHus 10 X2 U X3 MpeacTaBieHsl Ha puc.7.13a,0 COOTBETCTBEHHO.
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< cxopocTb

0.4
03
0.z
0.1

0

Time offzst: 0 . -ID_SIT ime affzet: 0

a 0.005 0.01

a) 6)
Puc.7.13

PacueTHad 4YacTh

IIpy  3amaHHOM  mpenogaBaTeNeM  BEIUMYMHE  IEpUOJA
JUCKPETU3AlMM CHUTHAJOB B CHUCTEME M MapaMeTpax CHIOBOMN
CUCTEMBI IPUBOJIA PACCUUTATh NEPEXOAHYIO MATPULLY CUCTEMBI.
PaccuuraTte wmaTpuimy ympaBiieHMs IS 33aJaHHOW  CHJIOBOM
CUCTEMBI.

Paccuurare mepBble 5 TOUYEK MEPEXOJHOrO Ipolecca B CUCTEME

IIpH 3aJaHHBIX HAYaJIbHBIX YCJIOBHUAX U BXOJAHOM CHIHAJIC.
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HOMCp BapuaHTa C ImapamMeTpaMu CHJIOBOM CHUCTEMBI QJIICKTPUYICCKOI'O IIpHUBOAAa

Homep To Kpeg T3 Jo Cm=Ce RAa MH

BapuaHTa
25. 0,0002 250 0.001 0.000005 0.04 10.0 0.01
26. 0,001 300 0.002 0.000007 0.045 9.0 0.02
27. 0,001 350 0.003 0.000006 0.05 11.0 0.03
28. 0,0008 400 0.004 0.0000055 0.055 12.0 0.2
29. 0,0005 275 0.0015 0.0000075 0.06 13.0 0.05
30. 0,001 380 0.0025 0.000004 0.065 8.0 0.08
31. 0,001 500 0.0035 0.0000045 0.04 14.0 0.01
32. 0,0008 280 0.0045 0.000005 0.045 11.0 0.02
33. 0,0004 320 0.001 0.000007 0.05 12.0 0.03
34, 0,0005 470 0.002 0.000006 0.055 13.0 0.2
35. 0,001 550 0.003 0.0000055 0.06 8.0 0.05
36. 0,00025 420 0.004 0.0000075 0.065 14.0 0.08
37. 0,00015 280 0.0015 0.000004 0.055 10.0 0.2
38. 0,001 360 0.0025 0.0000075 0.06 9.0 0.05
39. 0,001 300 0.0035 0.000004 0.065 11.0 0.08
40. 0,001 400 0.0045 0.0000045 0.04 12.0 0.01
41. 0,0005 500 0.0025 0.000005 0.045 13.0 0.02
42. 0,0007 390 0.002 0.000007 0.05 8.0 0.03
43. 0,001 290 0.003 0.000006 0.055 14.0 0.2
44, 0,00025 310 0.0015 0.0000055 0.065 11.0 0.05
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9KCHepI/IMeHTaHBHa${ qaCTb

1. TlocTpouTe cxeMy MOJAEIUPOBAHUS CHJIOBOM CHCTEMBl NpPHBOJAA B
JUCKPETHOM BPEMEHU C HUCIOJb30BAaHUEM MaTPUYHOM (OPMBI 3alHUCH
KOHEYHOPA3HOCTHBIX YPABHEHUM.

2. PaccMOTpeTh peakiMio CHCTEMbI Ha CTYNEHYAThIi BXOJAHOW CHUTHAN MpU

3aJaHHBbIX HAaYaJIbHBIX YCIIOBUAX U BPCMCHHU Ha6J'IIOI[€HI/I}I Imponecca.

VI.O®OPMJIEHUE OTYETA
Otuer nOMKEH coAepKaThb 3aBUCHUMOCTH, WCIIOJIb3yEeMbIE ISl pacyeTa
napaMeTpoB MaTeMaTUYEeCKOM MOJEIM M pacueT MNapamMeTpoB MEPEXOIHON

MaTpHuIbl U MAaTPHUIbI YIIPABJICHUA CHJIOBOM CHUCTEMBI IIpUuBOAA.

VIlI. KOHTPOJIBHBIE BOITPOCHI

1. Yro Takoe nepexo/iHas MaTpula 0ObeKTa yIpaBiaeHus?

2. Kakue Bwi 3HaeTe cmocoObl pacueTa mapamMeTpoB IMEPEXOTHON MaTPHIIBI
0o0BeKTa ynpaBiaeHUs?

3. Kakoe BnusiHME OKa3bplBaeT BEJIMUYMHA TaKTa KBAaHTOBAHMS Ha CBOWCTBa

JTUCKPETHON CUCTEMBI?
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JlabGopaTtopHas pabota Ne 8

CUHTE3 JJUCKPETHOM CUCTEMBI
METOJAMMU ITPOCTPAHCTBA COCTOAHUA

|. HEJIb 1 3BAZTAYU PABOTBI
IIpumeHnenne  MaTpUYHBIX  METOJOB  CHHTE3a  JETEPMHUHHUPOBAHHBIX

AUCKPCTHBIX CUCTCM YIIPABJIICHUA IIPH HAJIUYHUH IIOJTHOM I/IH(i)OpMaHHI/I O BCKTOPC

COCTOSIHHSI 0OBbEKTa yIpaBICHUSI.

Il . TEOPETUYECKUE CBEAEHUA
B wmerone mnpoctpanctBa coctostHuit (MIIC) cocrosisHue o0bekTa

OIINCBIBACTCs B BGKTOpHO-ManH‘{HOﬁ (bopMe B CJIICAYIOIICM BH/JIC:

x[k+l]:@x[k]+Hu[k], xeX",ueU ,r<n,

rae , @- cobctBeHHas wmatpuna OV, H- wmaTpuna ynpapisiomiero
BO3JICUCTBUS.

[Tpruem coctosinue oObekta X[K] BKIIOyaeT B ceOs BCIO HMH(POPMAIUIO O
MOBEJICHUN 00BEKTA, TAK YTO 3HAHHUE ITOTO COCTOSHHS TO3BOJISIET OMPEACTUTH €TO
HacrosIee u Oyayliee moBeeHe.

[TosTOMY B JIMHEHHOM citydae BeKTOp ynpasienus U[K]- Bceraa Beipaxkaercs
4yepe3 JIMHEHHYI0 KOMOMHAIINI0O KOMIIOHEHT BEKTOPa COCTOSIHUSI:

ulk]=-Kx[k]+g[K],
rie g[K] - 3amaromas mepemeHHasl.

CtpykTypHas cxema CUCTEMBI UMEET BUJI, MPUBEACHHBIN Ha puc.8.1.

glk] x[k+1] x[k] yl[k]

_@ D zli—> Cc —

Puc.8.1.
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Ha pucyHke npuHSTHI ciieayomue 0003HaueHUs:

-1
Z- MaTpuIa 3aJepXKKU Ha ouH TakT, Y[K] - BekTOp BbIXOMa CHCTEMBI.

OueBuaHO, 4YTO peanu3alus JaHHOro mnoxaxona mnpu cuHrese CAY

BO3MO’KHA, €CJIIM U3BCCTHBI BCC KOMIIOHCHTHI BEKTOPA COCTOAHUA CUCTCMBI X[k]

Ecnu coctossHHe o0OBEKTa HE H3MEpSieMO, TO €ro Hajao OLEHUTh. B
JETEPMUHUPOBAHHOM M CTOXAaCTUYECKOM ClIy4asX JTO OCYIIECTBIISIETCS C
MOMOILBbI0, COOTBETCTBEHHO, HA0JIIOAATEIS U OLeHUBATeNsA. I OLIEHKH TEKYILEro
coctosiHust X[K] HaM HYXHBI, KOHEYHO, MPEIBIAYIICe W TEKyIIHe 3HAYCHUS
BXOJHBIX U BBIXOJHBIX IHepeMeHHbIX. Bompocel mnoctpoeHuss HaOmroAarens
COCTOSIHUS PAaCCMOTPUM B CIIEAYIOLIEH JabopaTopHO padoTe.

[lepeiineM K pacCMOTPEHMIO OMNPENENICHUS KO3(PPHUIMEHTOB alrOpUTMOB
ynpasienus K.

N3BecTHO, 4YTO XapakTep MepexogHoro mpoiecca (ObICTpoAciicTBIE,
nepeperyjupoBaHie M Tak  Jajiee)  ompeneisercs — ko3dduuueHramu
XapaKTEPUCTHUECKOTO MOJMHOMA 3aMKHYTOW CHCTEMBI, TOUHEE €ro KOPHAMU WM
COOCTBEHHBIMU 3HAYEHMSIMH MATPHIIbl AMHAMUKHN CUCTEMBI YIIPaBJICHUSI.

BcaenctBue storo 3amada cuHTe3bl CAY MIIC craBuTcsa Kak 3ajada
BbIOOpa Takux Ko3(p¢uuueHToB ynpasieHus K, kotopesie Obl obOecrneunBaiu
BBIMIOJIHEHHE TpeOOBAaHMUW, HajaraéMblX Ha KOpPHU XapaKTePUCTHUECKOIO
MOJIMHOMA 3aMKHYTOM CHCTEMbl WM Ha COOCTBEHHbIE 3HAUYEHHSI MAaTpPULIbI
TUHAMHKH CUCTEMBI D.

Paccmorpum OV, ypaBHEHHE TMHAMUKHA KOTOPOTO UMEET BU/L;
x[k+1]:@x[k]+Hu[k], xeX' .ueU ,r<n . (8.1)
[IycTs ynpasisomiee yCTpOUCTBO OIUCHIBACTCS] YPABHEHUEM

u[k]= - Kx[K]+g[K] . (8.2)
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Omnpenenum Matpuily K Takum o6pa3om, 4ToObI 3aMKHYTasi CHCTEMA:

x|k + 1] = @x[k]+ H{- Kulk]+ g[k]} =

* 8.3
(@ - HIOXK] + Holk] = " x[k] + Holk] (8.3)
UmMceiia >K€J1aeMLII7I XapaKTepI/ICTI/IIIeCKI/Iﬁ ITIOJIUHOM.

P(2)=detzE-®)=a, + az+..+a,_z"" +2". (8.4)

CuHTe3 ynpaBJjieHHsl € MOMOIIBI0 KAHOHMYEeCKOH (DOPMBbI YIIPABJIIEMOCTH.

[TpeobOpa3yeM ncxomHyro cucreMy ypaBHeHu# (8.1) k kaHOHUYECKOH (opme
yIPaBISEMOCTH MOJICTAHOBKOM:

X=0QXg.
X[k+1]=@x[K]+Hulk];
Qxr[k+1]=@Qx[K] +HUK];
xx[k+1]=Q" @Qx[K] +@ 'Hu[K].

CoOcTBEeHHBIE MATpHUIlbI B KAaHOHWYECKOH (opMe YIPaBIsSIEMOCTH HUMEET

BU/I:
[0 1 0. 0
.,
DO = = D
Q0 0 0 0 1 R
-8y —a; —ay. —a]
e
-1 ann
H= ; 8.5
Q 0 (8.5)
_l_
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0 1 0... 0 | 0]

xglk +1] = xg[k]+ | lulk] . (8.6)

0 0 0 1

-8, —a; —ay. —a, 1

Eciim B kadecTBe perymsropa ¢ BBIXOIHOW mepeMeHHoW U[K] BBIOpaTh
peryJsaTop BUA:

U[K]=-kr Xr[KI, (8.7)

rae Kr =[Kr1,Kr2,...Kin], BXOomOM KOTOpOTO sIBiIseTcss BeKTOp coctosiHus Xg[K], To
TOJTYYHM:

0o 1 0 0 0 X1
L i [ km]x_f_z _
-y —a —a.. —a, 1 | X
0 1 0 ]
_ 0 0 0 xR[k];

0 0 0 0
0 0 0
[krl kr2 krn] =
1] LTI

B  ypaBHenunm (8.6) W B TMOCIHCAYIOIIMX YPaBHECHHUSIX 3aJaOILYIO
nepeMeHHyo  X[K] omyckaeM, MOCKOJIbKY XapaKTCPUCTHYCCKHH  IOJUHOM
3aMKHYTOW CHCTEMBbl HHBAPUAHTEH OTHOCUTEIIBHO ATOM IMMEPEMEHHOM.

XapaKkTepuCTUUYECKUI TIOJMHOM 3aMKHYTOW cucTeMbl (8.7) paBeH:
xplk +1] = Pexp[k]
det(zE - cpé): (Kep +ag)+ (Kep +87)2 + oo+ (Kpyg +a,_1)2" " + 2",
(8.8)
Ecin >xemaeMbIM TOJIMHOMOM siBiisieTcs mosmHoM (8.4), TO yCIIOBUSAMU

pacuera 37eMeHTOB MaTpullsl K, OynyT:
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a; = kr(i+1)+ai,i =0,l,...,n—1. (89)
U snemeHTHI MaTpHUIbl PETYyJIATOpAa Kr COOTBCTCTBCHHO PAaBHLI:
kl"(i+l) = —ai,i :O,l,Z,...,n—l. (810)

Takum oOpa3zom, HaiineHbl KO3(QUIMEHTH ympaBieHus Matpunbl K B

KaHOHHUYECKOU popme:
ulk] = —kxg[k] = =k, Tx[k] = kxK], (8.11)
rIe T:Q'l, TO €CTh K:KRQ'l.

YacTHBIM CiIy4aeM CHHTE3UPOBAHHOTO AJITOPUTMa YIPABIICHUS SIBISETCA
CHHTE3 CHCTEMbl C KOHEUHBIM YHCJIOM IIaroB ympasieHus. KoHedHoe 4vmcio
IIaroB yIPaBJICHUS] HHOT/Ia HA3bIBACTCS ONITUMAIIBHBIM IO BPEMEHHU YIIPABICHUEM.

KoHeuHbIM 4HCIIOM IIaroB YIpaBlIeHUS Ha3bIBaeTCs KOoHeyHoe umciao N
3JIEMEHTOB MOCJIE10BATEIIbHOCTH:

u[k],u[k+1]....,u[k+N],
MEePEBOSIIMX 3Ty CHCTEMY M3 IPOU3BOJILHOTO HaYaabHOTO coctosiHus X[K]#0 B
koHeuHoe cocrosiaue X[k+N]=0.

Ecnu ynpasnsiromue nepemennsie U[K] He orpaHHUeHbl, TO BpeMsl Iepexo/ia
U3 HAYaJIbHOTO COCTOSIHUS B KOHEYHOE COCTOSIHUE OOBEKTa, OMHCHIBAEMOTO
ypaBHeHHeM (8.1), yMeHbIIAeTCsl MPOMOPIMOHAIBHO YMEHBIICHHIO WHTEpBaja
KBaHTOBaHUA. [Ipy 3TOM, OJHAKO, 3HAYCHHUs YIPABISIONIMX IMEPEMEHHBIX U Ha
Ka)XXJIOM HHTEpBajie yBelIW4YMBaeTcsa. B mpenene, Koraa mnepuol KBAaHTOBAHUS
T—0, 3HayeHWEe u©u—>0, TO €CTh TMOJydyaeM (QU3NUECKH HEepeaTu3yeMyro
CUCTEMY.

B peanpHBIX cHCcTeMax Ha BEIWYHMHY yHpaBisomero Bosueicteus U[K]
BCET/Ia HAJIOKEHO OTpaHIUCHHE:

‘u‘ <u,..

Benencreue sToro peanmzanus ajiropuTMa yIpaBICHUS C  KOHEYHBIM

yrciaoM maroB N u (QUKCHpOBaHHBIM MEPHOAOM KBaHTOBaHHs 7, B peaIbHOM

CUCTEMC C OI'PaHNYCHHUCM |u| < u._., HIPUBCACT K YBCINYCHUIO HJIMTCIIBHOCTU
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nepexoaHoro mpouecca, To ectb Np,>N, HO mpu 3TOM XapakTep MNEepPexXOIHOTO
npolecca (anepruoJuYeCcKuii) He U3BMEHHUTCS.

VYcnoBueM KOHEYHOCTM 4YMCJAa LIaroB YINPAaBICHUS SBISETCS PABEHCTBO
COGCTBEHHBIX YHCEN MATPHIGI @ - 3AMKHYTOMH CHCTEMBI HYJIIO, TO eCTb:
=0.

o =a,=a,=.=a,,

HpI/I 9TOM XapaKTepI/ICTH[IGCKI/IfI ITIOJINMHOM 3aMKHyTOﬁ CUCTCMBbI 6y,Z[€T HUMCETDHb BHUA:.
P(z)=z".
CornacHo MoJIy4eHHBIM paHee 3aBUCUMOCTSIM, 7Sl pacyeTa Ko3()PHUIIMEeHTOB
MaTpuIlsl yrpasieHus Kg:

fii1 = O, —ai, I 20,1,2,...n -1.

B sTom ciyyae:

=-a;, i=0,12,..n-1.

fi+1
B sToM cnyyae ypaBHEHHE perynsaTopa UMeeT BU:
uk]=—K,x,[k]= [ao a .. a,, ]xR[k] .

Takum 00pazom, MBI pacCMOTPENIH CHHTE3 CHUCTEM METOJOM IpPOCTPaHCTBA
COCTOSIHMM, BKJIFOUAIOLIUH CIIEAYIOIINE OCHOBHBIE ITAllbL:

1. IToniyueHre KOHEYHO-PA3HOCTHBIX YpaBHEHUH B MaTpuyHONl (dopme

3aIllCH.

2. [Ipeobpa3zoBanue K KAHOHUYECKOH (hOpME YIIPABIISIEMOCTH.

3. Be16op xenaemMoro XxapakTepuCTUYECKOTO YPABHEHHS CHCTEMBI.

4. Pacuet k0d3(pPUITUEHTOB YIIpaBICHUS.

5. Hepexoz[ OT KAHOHUYCCKUX IICPCMCHHBIX K p€aJIbHbIM IICPEMCHHBIM.

OgHuM U3  OCHOBHBIX 3TaloOB  MOJAJIBHOIO  YIPABJICHUS  SIBISETCS
npeoOpa3oBaHWE MaTPUYHBIX YpPaBHEHMM K KaHOHMYECKOHM (opme
YIPABISIEMOCTH.

CyniecTBYIOT pa3IMYHbIE METOJIbI PELICHUSI YKA3aHHOW 3a/1auu.
OpnuMm 13 HamboJiee MIMPOKO PaCIpPOCTPAHEHHBIM METOAOM SIBJISIETCS TaK

Ha3biBaeMbIl anroputMm daneesa.
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PaccmoTpum pelienne 3a1auu ¢ npuMeHeHnem anroputma dajeesa; B

COOTBETCTBUH C KOTOPHIM BBIUUCISETCS CTOJOLBI MAaTPUILIBI TPe0Opa30BaHUs
0= {ql :q qn}

rjie (; - N — MEpHbIE CTONOLBI.

FO = F an_l = _trAFO qn = Fob
Fi=AR A B Ay, =—3UAR Gy =Fb

Foo = AR 3 +aE a = _n%trAFn—z Jy = Ko
Fooi=AR ,+aE gy = _%trAFn—l 9, = Fy

0=AF, ; +a,E
[locnenHsist cTpoka PEKypPpPEHTHOIO aJIrOpUTMa NPeoOpa3OBaHUS CILYKUT

I KOHTPOJII TOYHOCTHU HCXOI[HOﬁ CUCTCMBbI KOHCYHO — PAa3HOCTHBIX ypaBHeHI/Iﬁ K

KaHOHUYECKOU (hopMe yIpaBiIsieMOCTH.

AnroputMm npuBeneHust cucrembl KPY oObekrta yrpaBieHus K KaHOHUYECKOW Qopme
YIPaBIsS€eMOCTH TOJOKEH B OCHOBY  M-(pyHKIMM, OpraHu3yromeil pacuer ko3(pPuIreHToB
yIpaBJIeHUs, 00ECIEeYNBAIOIINX KOHEUHYIO JUIMTENIBHOCTh MEPEXOJHOro IMporecca (aIropuTM

arepuoIMUECKOro yIpaBJIeHus).

Mogenb TMHAMHYECKOM CUCTEMBI, B KOTOPOW PeaIn30BaHO YITpaBJiIeHUE, 00ECIeYNBaIOIIee
KOHEYHOE BpeMsi TMEepexXOoJHOro mporecca (ympaBleHHs IO MHHMMYyMY 4YHCIa IIaroB

JMCKPETHOCTH), Ipe/icTaBlieHa Ha puc.8.2.

-] -
MaTpuya u yron
YNp3ENEHH
=
J_Ll_ U out >
Constant
Zero-Order CEOpOGTE
Held ofiberT Demus
Z-ero nopaka
N[
" TOK
%

Puc.8.2
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Ha puc.8.2 npencrasnen 070k onepaTopoB, 700aBIIEMbIX K paHee chopMupoBaHHOMY M-

daitny (cMm. puc.8.1), peanusylOmui CHHTE3 MapaMETPOB  AITOPHUTMA

YIIPABJICHMUS,

00€eCIeurBarOIer0 MUHUMAJIBHYIO JUIMTEIBHOCTh IMEPEXOJHOr0 Ipolecca (MUHUMYM YHCIa

[IaroB IUCKPETHOCTH).

% CunTes CY
[K] = K UPR(n, A, B);
K(1)=-K (1)

% PacueT OVMHaAMMUECKUX XaPaKTEPUCTUK CUCTEME
su3
sim ('su3'")

Puc.8.3

Ha puc.8.4 mnpencraBneH maucTuHr M-daiina, oOecrneyuBarpIero mnpeoOpa3oBaHKe

ucxonnou cucrembl KPY o0ObekTa ympaBieHHs K KaHOHHMYECKOW (opme ympaBiIsieMOCTH C

noMouipto anroputma danneesa.

Ha pI/IC85 MpCACTaBJICHLI IICPCXOAHLIC ITPOUCCCHI B CUCTEMCE. Kaxk BHUAHO U3 IIPUBCACHHBIX

PUCYHKOB, IEPEXOAHBIC MPOLECCChHI B CUCTCMEC 3aKAHYUBAIOTCA 34 TPU TAKTA KBAHTOBAHUA (663

yuc€Ta OrpaHu4CHuA BEJIMYUHBI YIIPABJIAIOMICTO HaHpﬁ)KeHI/Iﬂ).

function [K] = K UPR(n, A, B)
% I[lpeobpas30BaHMEe K KaHOHMUECKOM dopmMme
YIIPaBJISEMOCTHU

BO = eye (n);
p = poly (A)
for i =1 : n
AB = A*BO;
a = (-1/1)*trace ( AB )
Bb=BO*B;
for iii=1:n
Q(iii,n-i+1)= Bb(iii):;
end;
BO = A*B0 +a*eye (n);
end;
Ql=inv (Q)
AR=Q1*A*Q
for i=1:n
ak(i) = AR(n,1);
end;
% IlpeobpaszoBaHMEe K E€CTECTBEHHOMY 0Oas3mucy

KU (2)
KU (3)
KU

end;

K=KU*Q1l

KU(l) = - ak(1l)

- ak(2)
- ak(3)

Puc.8.4
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Puc.8.5

X.  OBBEKT UCCIIEAOBAHUA, OBOPYJIOBAHME.

1 ITapameTpbl CHUJIOBOM CHCTEMBI SJIEKTPUUYECKOIO CIEASIIEro MNpUBOAA

IIOCTOAHHOI'O TOKA.

2 IlepcoHaBbHBIN KOMITBIOTED.

XI.

LEJIN U 3AJTAYY UCCJIEJIOBAHUS

TpeOyeTcst paccuntarh mapaMeTpbl MaTPUIlbl 0OPATHOW C MCIOJIb30BaHUEM

MaTpuyHON (HOPMBI 3alKMCH ypaBHEHUN, OMUCHIBAIOIIUX TIOBEJECHUE CHUJIOBOM

CUCTEMBI IPUBOJIA, CTPYKTYpPHAsl cXemMa KOTOpOil nmpejcTaBiieHa Ha puc.8.6.
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" (T1p+1) P ’

|
P

Puc.8.6.
[TpoBectu uccienoBanne xapakrepuctuk CAY ¢ HCHOIb30BaHUEM IaKeTa

SIMULINK.

XIl. TTOPAAOK BBITIOJIHEHWA PABOTHI

PacuerTHasag 4acTh

1. [Ipn 3amaHHBIX DApaMeTpax CWJIOBOW CHCTEMBI IIPUBOJA U
BEJIMYMHE TaKTa KBAaHTOBAaHUS CHUTHAJIOB OMNPEIEIUTh MapameTpbl
NEPEXOTHON MaTpHILIbl O0BEKTA YIIPaBJICHUS.

2. [IpeoOpazoBath MaTpuIly OOBEKTAa YIPABICHHUS K KAHOHUYECKOU
dbopme yrpaBiIsieMOCTH.

3. Paccuntarh nmapameTpbl MaTpUIbl 0OpAaTHBIX CBSA3EH MPH 3aJaHHOM
pacnoyio)KEHUH  COOCTBEHHBIX  YHCENT  3aMKHYTOW  CHCTEMBI

yIPaBIICHHUS.
DKCliepUMEHTaJIbHAs YacTh
1. CocraButh cxemy MojaenupoBanus cucteMbl B cpege SIMULINK.
2. UccnenoBaTh mepexoNHbIE TMPOIECCHI B CUCTEME IS  Pa3IUYHBIX

BapUaHTOB (IO 3aJaHUI0 TMPETOJaBaTeNs) PACIOI0KEHUS COOCTBEHHBIX

YHUCCII MaTpUulbI SaMKHyTOfI CHCTCMBHI.
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3. HccnenoBaTh BIUSHUE OTKJIOHEHHUS IMAapaMETPOB CHUJIOBOW CHCTEMBI

MMpUBOJA OT PACUCTHBIX HAa XapPaKTCP NCPCXOAHBIX IMTPOUCCCOB B CUCTCMC..

VI. OOOPMJIEHUE OTYHETA

OTuer JAOMKEH CoJep)KaTh pacyeT MEepeXOAHOM MaTpullbl O0OBEKTa
yIpaBIeHUs, MPEoOPa30BaHUE CUCTEMbI K KAHOHUYECKOM (popMe ympaBisieMOCTH,

PacucCT IapaMCTpOB O6paTHBIX CBHSGﬁ, MCPCXOIHBIC ITPOOCCCHI B CUCTCMC.

VIl. KOHTPOJIBHBIE BOITPOCHI

1. Yrto Takoe KaHOHUYECKas opMa yrpaBIsIeMOCTH?

2. B 1yem yno0CTBO HCIIONB30BAHUS KAHOHUYECKUX (POPM ISl MPOSKTUPOBAHUS
JMCKPETHBIX CUCTEM?

3. Kak Bmuser pacmoyio)keHHEe COOCTBEHHBIX YHCET MAaTpPHIIBl 3aMKHYTOU
CUCTEMBI Ha XapaKTep MEePEXOIHbIX MPOLIECCOB?

4. Kak u3MeHsIeTCs YyCTBUTEIbHOCTh XapaKTEPUCTUK CUCTEMBI K OTKJIOHEHUIO
napamMeTpoB 0OBEKTa yMpPaBIICHUS] OT PACUETHBIX 3HAYCHUM MTPU U3MEHEHUU
3HAUYCHUN COOCTBEHHBIX UMCEJ MEPEXOAHONW MATPHUIIbl 3aMKHYTOW CHCTEMBbI

yYIpaBJICHHUS?

92



JlabopaTtopHnas pabota Ne 9

CHUHTE3 AJITOPUTMA HABJIIOAEHUSA COCTOAHUA
OBBEKTA YIIPABJIEHUA

|. HEJIb 11 3BAZTAYU PABOTBI

HpI/IMeHeHI/IG MAaTpU4YHBIX MCTOAOB CHHTC3a aJIIrOpUTMOB Ha6J'II-OI[€HI/ISI
COCTOAHMA ACTCPMHUHHUPOBAHHOI'O 00BeKTa YHPAaBJICHUA, AHAIN3 XAPAKTCPHUCTHUK
I[PICKpCTHOﬁ CUCTCMBI YIIPABJICHUA C MOJAJIbBHBIM PCrysITOPOM H AJII'OPUTMOM

Ha6JIIOI[eHI/I$I COTCOSIHUSI 00BbEKTa YIIPaBJICHUA.

Il . TEOPETUYECKUE CBEAEHUA

[Ipn pemieHMM MNPAKTUYECKUX 3aJad YNOpPABICHUS METOJAMU IPOCTPAHCTBA
COCTOSIHUSI 4acTO BCTPEYAIOTCS CiIy4yau, KOrJa HE BCE IMEPEMEHHBIE COCTOSHHS
OKa3bIBAIOTCS U3MEPAEMBIMU. OTO OOBIYHO HMEET MECTO B OO0BEKTax ¢
pacrpeieIieHHbIMU TTapaMeTpaMi, B CJIOKHBIX 0OBbEKTaX YIPaBJICHUS U TaK Jaliee.

JIst Toro, 4ToOBI BOCIOJIB30BaTHCA TEOPUEH MPOCTPAHCTBA COCTOSIHUS IS
yOpaBieHUsT ATUMU OOBEKTaMH, HEOOXOAMMO PACCUUTHIBATH HEU3MEPsiEMbIe
NepEeMEHHBIE COCTOSTHUSL 00BEKTA 10 €r0 U3MEPSIEMBIM BXOJaM M BBIXO/IAM.

3agaur, B KOTOPHIX Mbl HE 3HAeM WJIM HE MOXEM HEMOCPEICTBEHHO
MU3MEPUTh BCE KOMIIOHEHTHI BEKTOpPA COCTOSIHUS, OTHOCSTCS K KaTErOpUH 3a/ad
yOpaBJCHUS  TpU  HENodHOW  wHpopmamuu.  Paznuuaror 1npu 3TOM
JNETEPMUHUPOBAHHBIE U  CTATHUCTUYECKUE METOJbl OILICHMBAHUS BEKTOpa
COCTOSIHHS.

PaccmMoTpuM  cuHTE3 JIETEPMUHUPOBAHHOIO HAOJIIOAATENS] COCTOSIHUS
CUCTEMbI TOJHOTO MOPAJKA, KOTOPbIA, MO HU3MEPEHHUSM BXOAHBIX U BBIXOJHBIX
MEePEMEHHBIX 00BEKTAa BOCCTAHABIMBAET BEKTOP COCTOSHUSA OOBEKTa (TMOJIHOCTHIO
BCE N- KOMITOHEHT).

HomyctuMm, OV onuceIBaeTCs CHCTEMON ypaBHEHUI:
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X[k+1]=Ax[Kk]+B u[K];
y[k]=cx[k] . (9.1)

VY 00bekTa p <n BBIXOAOB, N- MOPSIOK 0OBEKTA.

[Ipeanonaraercsi, 4YTO BBIXOJHBIE IEpPEMEHHBbIE OOBEKTa JUHEHHO
HE3aBUCUMBI, TaK 4TO paHr MaTpuilbl C paBeH .

Unes cunTe3a HaOmOAaromero ycTpoucTBa, mnpemsoxeHHoro JI.I.
JlyenOeprepom, OCHOBBIBAETCS Ha MpeANojokeHuu, uro marpuubl A, B u C B
ypaBHeHUH (9.1) M3BECTHBI, TaK 9TO OOBEKT, MOJIETh KOTOPOTO SIBISETCS YaCThIO
HaO01aTeNsA, MOXKET OBITh MpoMoenupoBad. Ha Mogenu o0bekTa MbI U3MepsieM
OLIEHKY BEKTOPA COCTOAHHSA X[k | ¥ HAXOTMM BEKTOD:

ulk]=-Kx[x],

rae K - Mmarpuiia peryasaropa, ¢ IoMOIIbI0 KOTOPOTO MBI BO3JIEHCTBYEM Kak
Ha peasibHbIN OOBEKT, TaK U Ha MOJIEIb.

HaGmonaTens onucwiBaeTcsi ypaBHEHUEM:

X[k +1]= A x[k]+Byulk]+H, yk] . 92)
3aada 3aKiIOYacTCs B HAXOXKACHUUM Takux wmatpuil Ay, By, Huy, mpu
KOTOPBIX X[k| acummToTiyeckn ctpemutes K X[K].
Boruutas ypaBuenne (9.2) u3 ypaBHenust (9.1), MBI TOJIy4UM BEKTOP
OIMOKH OIEHUBAHMSI COCTOSHUS:
AMx[k]= x[k]- x[k]
Mk +1]= Ax[k]+ Bulk]- A, x[k]-B,u[k]- H, y[k] =
= Ax[k]+ Bulk]- A x[k]-B,u[k]- H, Cx[k] =
= A x[k]- A x[k]- A x[k]+ (B -B, Julk]+ Ax[k]- H,,Cx[k];

k +1]= A ak]-(A- A, -H,C)x[k]+(B-B,ulk] . (9.3)
Jlns Toro, uToGB BekTOp OmMOKH Ax[k| omemkm X[k| acummroTHuecku

CTPCMUJICA K HYJIIO, JJOJKHBI BBIIIOJIHATBHCA CIICAYIOINNUC TPH YCIOBUS:

Ay =A-HLC:
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B=B,;
Ax[k +1]=( A-HKC) Ax[k]. (9.4)
Cucrema, omnucbiBaeMas IOCIECAHUM  ypaBHEHUEM, JOJDKHA  OBITh
ycToiunBoi cucrteMmoi. CieryeT OTMETUTh, UTO TP BBIMOJHEHUH yciaoBus By=B

BEKTOP OIIUOKHU Ax[k] HEYIIPABJISIEM, TO €CTh YNPABISIOIIAE BO3IACHUCTBUS HE

MOTYT BO3JICHCTBOBATh HA €r0 BEJIMUUHY.
Marpuna By CUCTEMBI BbIOMpaeTcs  Tak, YTOOBI KOpHU

XAPAKTCPUCTHUICCKOI'O YPABHCHUA YIOBJIICTBOPSIIN YCIIOBHUIO!

det(zE-A+H,.C)=[](z-z)|z[1,
i=1
pu 3ToM cuctema (9.4) sABIAEeTCS YyCTOWYMBON, U BEKTOP OIIHOKH Ax[k]
CTPEMUTCS K HYJIIO TIpH k —> 00,
[Tocne mnoacranoBku BeIpaxkeHud (9.4) B ypaBHenue (9.2) mnomydnm

ypaBHEHUE HAOIIOaTEIs:

x[k +1]= (A-H,,C)x[k]+ Bu[k]+ H,Cx[k]=

_ %]+ Bulk]+ H, CaxK]. (95)

MoxHO 3aMeTHTh, UYTO HaOMIOJATENh NPEACTaBIsieT U3 ce0s MOJEelb

00bEKTa, Ha KOTOPYIO BO3JCHCTBYET BEKTOP OIIMOKHU Ax[k] CootBercTByIOIIAs

Omox-cxeMa nokazana Ha puc.9.1.
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——— B 71—
A J—
"""""""""""""""""""""""""" Ay=y-§’
HHu
X[k+1] R[K]
N— B Z'l ———
A J—
Puc.9.1.

[ToMmuMO paccMOTpEHHOTO HAOIIOATENSI TTOJIHOTO MOpsiaKa (N) CYIIECTBYIOT
€lle TaK Ha3bIBaEMbIC PEIYIIUPOBAHHBIC HAOIOMATENU (MIOHWKEHHOTO MOPSIKA),
KOTOpPBIE HE BOCCTAaHABJIMBAIOT U3MEPSIEMbIE KOMIIOHEHTHI BEKTOPA COCTOSIHUS X.
Onucanue cuHTEe3a TaKUX HaOIroaTene npuseneHo B urepatype MIIC.

[TosmyynM OCHOBHBIE COOTHOLIEHUS JUIsl pacyeTa napamMeTpoB HaOIIOaaTENs
nosHoro mnopsaka. Wrak, B ciydae BbIOOpa MapaMeTpoB HaOmoAaTens B
COOTBETCTBHUU C PACCMOTPEHHOM BBIIIIE METOAUKOM:

A=A-H,C;
BH:B.

XapaKTEPUCTUUECKHUI MOTUHOM HaboaTesst OyJeT UMETh BUJL:
Qz)=(@E-@+H,C)=> gz, =1. (9.6)
i=0

Jlist  ompezenieHus MapaMeTpoB HAOMOAaTeNsl MOCTYNHUM aHAJTOTHUYHO
CUHTE3Y PEryJsiTopa, TO €CTh CHauaja mpeodpa3yeM ypaBHEHHE HaOomaTens K

KaHOHMYECKOH (hOpMe BOCCTAHABIMBAEMOCTH:

X [k]=Q xp[k] 9.7)
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x[k +1]= Ax[k]+ Bu[k]+ H , C[x[k]- x[k]] =

_ Ax[k]+Bulk]+H,, y[k]-H,,Cx[k] (9.8)
[IpeoOpazoBanme K KaHOHUYECKON (popMe BOCCTaHABIMBAEMOCTH:
Xs [k +1]= Q' AQ%, [k]+Q*Bulk]+ Q'H,, y[k]-Q*H,, CQy K]
BBeneMm 0003HaUECHUS:
Hiyg = QilH H
Ce=CQ : (9.9)
Q'B=B,
] 0 _a-
A —O-A |1 .. 0 —-a
»=QAR= (9.10)
0 .. 1 —-a_)

Kanonnueckas ¢popma 3anucu matpuiibl C UIMEET BU/I:

Cz=[0 .. 0 1
yk]=[0 .. 0 1lxglk]
OxoHYaTeIbHOE YPaBHCHHUC Ha6JIIO,Z[aTeJIH B KaHOHMYECKOH q)opMe

BOCCTaHAaBJINBACMOCTH 6YI[€T HUMCTb BU:

0 .. 0 —-a,—hy, Nyss
1 .. —-a, —h h

%[k +1]= O =M I e Boulk]+| ™2 |yik] . (9.11)
o .. 1 - a1~ hHBn hHBn

XapakTepucTUYECKOE YpaBHEHHUE HAOII0AaTes:
n-1, _n_
(ao+hur) (s +husz)zt... +(@n1+huen)z  +2'=0.
CpaBHuBas KO3(P(PUIUEHTH 3TOrO0 ypaBHEHHS C KodPuumeHTaMu
JKEJTaeMoro xapaktepuctuueckoro ypaBHeHus (9.6), ompenensieM mapaMeTpsl

HaAOIrOIaTENIA:

huei= B, — ¢, i=12,..n.
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Matpuna oOpaTtHOil cBsi3u HaOmOgaTeNnss B €CTECTBEHHOM Oasmce
(ucxogHOM):
Hy=QHpg.
Q- MaTpuma mpeoOpa3oBaHHUA  UCXOAHOW  CHCTEMBl  YpaBHEHMHA K
KaHOHUYECKOH (popMe BOCCTaHABIMBAEMOCTH.
Anroput™mbl  TipeoOpa3oBaHUS MaTpPUIBl K KaHOHUYECKUM (opMmam
NOJIpOOHO M3NIOKEHBI B KHUTaX MO MaTPUYHOMY CUMCIEHHIO, a Takxke mo MIIC u

XOpouIo peanusyrTcsa Ha OBM.

Jns peanuzanuu  JTaHHOM OJIOK-CXeMbl HEOOXOJUMO TMPOBECTH pacyer
MaTpullbl 00paTHBIX cBsized HaOmomarens Hy. OCHOBHBIE COOTHOIICHUS ISt
pacudera napaMeTpoB HaOJII01aTeNsl MOJHOTO OPSAKA IPUBEIEHBI B ITyHKTE 2.

Ha puc.9.2 mnpencraBinen ¢parmMeHT M-daiina, OpraHU3yIOMIETO pacyeT

MaTpHIbI O6paTHBIX CBSI3EH Ha6JIIOI[aT€J'I}I HH C HCIIOJIb30BAHHUCM aJI'OpHUTMaA

danneeBa u MOACIIMPOBAHNUC NTUHAMHUYCCKUX ITPOLUCCCOB B Ha6J'IIO,Z[aTCJIC.

% PacueT Ma TPULIEL oBOpaTHEIX CBaBEM
HabJonaTeis

CT = [1 0 0]

[H] = K NABL (n, A, B, CT);
SHadvaJIbHBEIE YCJIOBUS

x0(1) = -0.1;

x0(2) = 10;

x0(3) = 0;
TMOIENUPOBAHUE CUCTEME

model

sim ('model')

Puc.9.2

Ha puc 9.2 npunaTs! cinenyroiye 0003HaueHUs U1 NEPEMEHHbIX:

N - mopsAAoK OOBbEeKTa ympaBieHus; A-coOCTBEHHas MaTpulla 0ObeKTa yHpaBieHUs; B —
MaTpulla, XapakTepu3ylolllas IeperaTouHble cBoicTBa cucrembl; CT — MaTpulia HU3MepeHus
KOMIIOHEHTOB BEKTOpa COCTOSIHUS OOBEKTa YIpaBiieHHs; x() — BEKTOp HayalbHBIX YCIOBUMN
00BEKTa yIpaBJIeHUs.

Ha puc. 9.3 mpencraBineH JUCTHHT M-(aiina, peanu3ylomero pacdyer MaTpuubl Hy

HaOJIFOqaTes.
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function [H]=K NABL(n, A, B, CT);

o)

% Ilpeobpasz3oBaHMe K KAHOHUUECKOM (QOpPME BOCCTaHABJIIMBAEMOCTU
p = poly (&)
TK = eye (n)
TK(n,:) = CT
for 1 =1 : n-1
TK(n-1i,:) = TK(n-1i+1,:)*A+p (1+i) *TK(n, :)
end;
TK1l=inv (TK)
AK=TK*A*TK1
BK=TK*B
CKT=[0 0 1]
HK = AK(:,3)
TMaTpulla OOpPaTHOM CBA3M aJilOPMUTMa HaOJIOOEHUI
H = TK1*HK

Puc.9.3
Cxema MoOAenupoBaHUsl TEPEXOAHBIX IMpoleccoB B Mojaemu OY u B

HaOJIoIaTeNie COCTOSIHUA ToKa3aHa Ha puc. 9.4. [IpuBenenHas cxema BKJIIOYAET B
cebss naBe moacucTteMbl (cyOmonenu) oObekta ynpasieHuss ("o0bekT") wu
HaOmomarens ("monens"). Pa3BepHyThle cyOmonenu oOBEKTa YIpaBICHUS
("obbexT") m HaOmopatens ("monens"') mpenacraBieHsl Ha puc. 9.5 u 9.6

COOTBCTCTBCHHO.

Il 1
¥ron
3 -
T {0 Ol -
Constanti
. OfwexT z I:I
Gaind
J/.——\ 5 CropocTe
CT" u e -
u - + |l
Il 1
u Tox
Out1 2 i

¥

&_modeli 1

Mogente

Puc.9.4

99




=+ 1 1 |2

Unit Drelay

ain2

Puc.9.5

- | - - —

ain Gain2 Integrator3|  Gaind  Integratord Integrator

3ain2

Puc.9.6
Ha puc.9.7 npencraBieHbl pacueTHble TepexoaHble mporecchl B OY u B

HaOIr0JaTelIs 1M CIydasl HEHYJIEBbIX HaYaJIbHBIX YCIOBHH (BeKTOp X0 ompeneneH

B M-daiine (cMm. puc.9.2)).

€peXOHBIC MPOIIECCH B HAOIIOIaTENe

Puc.9.7

Jluctunr M-aiina, opraHu3yroIero MpoIecc pacuera napaMmeTpoB TUCKPETHONW MOJICIIH,
K03 (UIIMEHTOB aJIropuT™Ma yIrpaBieHus U airoputMa Habmoarens Jlyenoeprepa npeacrabiieH

Ha puc.9.8.
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u = 0;
x0 = zeros(n, 1);
x0(1) = 1;
else
u = 1;
x0 = zeros(n, 1);
end;
sim('objekt 3");
xFinal = x(end, :);
if 1 <= n
A(:, i)= xFinal'
else
B = xFinal';
end;
end;
[ K] =K UPR( n, A, B);

% I[lpeobpas30oBaHMe K KAaHOHMUECKOM dopme
BOCCTaHaBJIMBAEMOCTHU

CT = [1 0 0]

[ H] = K NABL( n, A, B, CT );
THauvaJIbHBIE YCJIOBUS

x0 = zeros(n, 1);

x0(1l)= 0.01
TMOIEeNIUPOBaHME CUCTEMEL
n syst3

sim ('n syst3'")

Puc.9.8

Ha puc.9.9 npencrasieHa cxema MOACITHPOBAHUS TUHAMHUYECKOW CUCTEMBI, B

KOTOPOM PEAIM30BAHO YIIPABJICHUE [0 MUHUMYMY YHCJIA I1ArOB JUCKPETHOCTH U

TGKYHII/Iﬁ BCKTOp  COCTOAHHA  PACCUHUTHIBACTCA

Ha0monenus JlyenOeprepa.

C

IIOMOIIIBIO  AJITOpUTMaA
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>0
3 3
Constan p J_LL ]l § =

Zero-Order
Hold SubSystem

Y
=

Gain

Gaind

Out 1

Y

&_madali 1

SubSystem1

Puc.9.9

Ha puc.5.40 npencraBieHbl MEpexoJHbIE MPOLIECCH B CUCTEME, B KOTOPOH
peanr30BaHO YIPABJICHUE 0O MUHUMYMY YHCJIA IIAroB AUCKPETHOCTHU U TEKYIIUN
BEKTOP COCTOSIHUSI PACCUMUTHIBACTCA C TIOMOIIBIO aJIropuTMa HaOJIOACHUs

Jlyenbeprepa.

0 0.0z 0.04 0.06 0.01 0.02 0.03 004 0.05 0O 0 0.0z 0.04 0.0& 0.08

Puc.9.10

W3 CcpaBHUTENBHOTO aHaMM3a IMEPEXOIHBIX IPOIECCOB, NMPHUBEACHHBIX Ha
puc.9.7 u 9.10, pacder KOMIOHEHTOB BEKTOpa COCTOSHUS TPHUBOJUT K

YBCIIMYCHUIO JJIUTCIBbHOCTH IICPCXOAHOI0 IIpOoHeCcCa Ha IBa TaKTa.

XIl. OBBEKT UCCJIEAOBAHNMA, ObOPYIOBAHUE.
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1 CumoBas cucrema QJICKTPUYICCKOTO CJICAAIICTO IPUBOJAA ITOCTOSHHOI'O
TOKaA.

2 TlepcoHaAJIbHBIN KOMITBIOTED.

XIV. OEJIN 1 3AJAYN UCCIIEAOBAHNA

TpeOyeTcst paccuutarh nmapaMmeTpbl MaTpUilbl 0OpaTHOM C MCIOJIb30BaHUEM
MaTpU4yHOW (HOPMBI 3alUCH YpPaBHEHUH, OMHUCHIBAIOIIUX IOBEJICHHE CHUJIOBOM

CUCTEMBI IPUBOJIA, CTPYKTYpPHAsI cCXeMa KOTOpOH mpejacTasieHa Ha puc.9.11.

A K y y

" (T1p+1) Up ’

4
A\ 4

Puc.9.11.
[IpoBectn nccnenoBanue xapaktepuctuk CAY ¢ UCIOIB30BAHMEM MaKeTa

SIMULINK.

XV. TIOPAAOK BBIITOJIHEHUA PABOThI

PacuerTHasa 4acTh

[Tpu 3agaHHBIX MapaMeTpax CUIIOBOM CHCTEMbl PUBOJIA U BEIMYUHE TaKTa
KBaHTOBAHHUSl CUTHAJIOB OMPEICIUTh MapaMeTPhl TMEPEXOTHON MaTpHUIIbI
00BbEeKTa yrpaBJeHHS.

1. [IpeoOpazoBath MaTpuily 0O0bEKTa YIpaBiICHUS K KaHOHUYECKOM

dbopme ynpaBiasieMOCTH.
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2. PaccuuTaTh napameTpsl MaTpuLbl OOpaTHBIX CBSI3€M MPHU 33JaHHOM
pacrloJOKEHUN  COOCTBEHHBIX  YHCENl 3aMKHYTOM  CHUCTEMBI
YIPABJICHHUS.

DKcliepuMEeHTalIbHAsl YacTh

1. CocraButh cxemy MojenupoBanus cucteMbl B cpeae SIMULINK.

2. UccnenoBaTh mMepexOmHBIE MPOIECCHI B CHUCTEME IS Pa3IAYHBIX
BapHaHTOB (10 3aJaHHIO MPEIOJaBaTeNs) PACIIOIOKEHUS COOCTBEHHBIX
YUCENT MATPHUIIBI 3aMKHYTON CUCTEMBI.

3. HccrmenoBaTh BIMSIHUE OTKIOHCHHS IapaMETPOB CHIIOBOM CHCTEMBI

IMpUBOAA OT PACUCTHBIX Ha XaPAKTCP IICPCXOAHBIX ITPOLCCCOB B CUCTCMC..

VI. O®OPMJIEHME OTYETA

OTyer [OMKEH COAEp)KaTh pacyeT MEePEeXOJHOM MaTpulbl O0bEKTa
yIpaBJeHUs, MPeoOpa3oBaHUE CUCTEMBI K KAHOHUYECKOHW (popMe ymnpaBisieMOCTH,

pacyeT napaMeTpoB OOPATHBIX CBSI3€H, IEPEXOAHBIC MPOIECCHl B CUCTEME.

VIl. KOHTPOJIBHBIE BOITPOCHI

1. Yro Takoe kaHOHMYECKas (hopma yIpaBIsieMOCTH?

2. B uem yno06cTBO MCTIOIB30BAaHUS KAHOHHUECKUX (POPM IS TPOSKTUPOBAHHS
JVCKPETHBIX CUCTEM?

3. Kak Biuser pacnonoxeHue COOCTBEHHBIX YMCEN MAaTpHUIbl 3aMKHYTOM
CUCTEMBI Ha XapaKTep MEPEXOJHBIX ITPOLIECCOB?

4. Kak u3MeHseTCsl UyCTBUTEIbHOCTh XapaAKTEPUCTUK CUCTEMbBI K OTKJIOHEHUIO
napaMeTpoB OOBEKTA YIPABIEHUS OT PACUETHBIX 3HAYECHUIN NMPU U3MEHEHUU
3HAYEHUN COOCTBEHHBIX YMCEN MEPEXOJAHOW MATPHUIIbI 3aMKHYTON CHCTEMBI

yIpABJICHUS?
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JlabopaTtopnas paborta NelO

YYET BJIMAHUA KBAHTOBAHUSA CUT'HAJIOB 11O YPOBHIO
ITPU AHAJIM3E XAPAKTEPUCTUK CUCTEM
C KOMIIBIOTEPHBIM YIIPABJIEHUEM

|. HEJIb U 3AZTAYUN PABOTEI

OTpa6OTKa IMPAKTHYCCKHUX  HABBIKOB  MOJICIIMPOBAHUA  KBAHTOBAHUA
CUT'HAJIOB 110 YPOBHIO M aHAJIM3a BJIMAHWA KBAHTOBAHHA CHIHAJIOB IIO YPOBHIO Ha
XApPaKTCPUCTUKN CHCTCM C KOMIIBIOTCPHBIM VIIPABJICHHCM, CHHTC3UPOBAHHbBIX

MCTOJOM JIOI‘apI/I(bMI/I‘-ICCKHX IICCBAOYACTOTHBIX XaPaKTCPUCTHUK.

Il . TEOPETUYECKUE CBEJAEHU A

B mpenpiaymeit paboTe paccMOTPEHBl pa3IMYHbIE BAapUAHTHI peaTn3aluu
JTUCKPETHOTO KOPPEKTUPYIOMIETO YCTPOWCTBA C 3aJaHHOW Z-TIepeaaToOdHOU
dbynkuueir. Cxembl MOJEIUPOBAHUS, COOTBETCTBYIONIUE YKa3aHHBIM BapUaHTaM,
pa3paboTaHbl B MPEATNOI0KEHUH OTCYTCTBUSI KBAHTOBAHUSI CUTHAJIOB 110 YPOBHIO U
BO3MOXXHOCTH  TIPEICTABJICHHSI apamMeTpoB aNropuT™Ma  yNPAaBJICHHS
(k03¢ punirentoB cucteMbl KPY) npo6HBIM uncIOM (C AECATUYHON YaCThIO).

OpHako B peanbHBIX MUKPOIPOIIECCOPHBIX CHUCTEMAaxX YIpaBIICHUS BXOIHAsS
uHdopmarusi, Kak TpaBWIO, TMpEACTaBICHHas B  aHaJIOroBod  (Qopwme,
npeoOpasyercss B 1udpoyo Gopmy. lllar kBaHTOBaHUS CUTHAJIOB MO YPOBHIO
OTIpE/IETSICTCSl AUANa30HOM HM3MEHEHHsI aHaJOTOBOTO CUTHAJIA U Pa3pSIHOCTHIO
aHanoro-uupoBeIXx mpeoOpa3zoBarencii. B cBoio odepenar chopMHUPOBAHHBIM
UPOBON KOJ VYHpPaBJICHHWS C KOHEUHOH paspsAaHOCThIO TMpeolOpaszyeTcs B
aHAJIOTOBBIN CUTHAJ B BBIXOJAHOM ITM(PO-aHATIOTOBOM MpeoOpa3oBartelie.

Kpome Toro, mAOCTaTOYHO MIUPOKHH CHEKTP MHUKPOKOHTPOJIIEPOB,
ucnons3yembix MIICY nis peanuzanuu alropuTMOB yIpaBlieHHs, paOoTaer

TOJIBKO C NOCJIOYHCICHHBIMM OdaHHBIMU. B cBa3u ¢ aTtumMm Ipun MOIACINPOBAHHUU
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MUKPOIPOIIECCOPHOM  CHUCTEMBI YIPAaBJICHUS C IETbI0 aHAIHM3a BIHMSHUS Ha €€
XapaKTEPUCTUKN  KOJMYECTBA  paspsiioB  BXOJAHOTO  HU  BBIXOJHOTO
npeoOpa3oBarenel, a TakkKe TOYHOCTH 3aJaHHsi [apaMeTpoB aIrOpUTMa
ynpasieHusi, SimuLink-mozens 10omKHA YYHTHIBATH TEPEUYHCICHHBIC —BBIIIC
daxTopsl. Kak u npexne, pazpabaTsiBaeMasi M-QyHKIKS JODKHA PEaTn30BbIBATD
pacueT yIpaBJISIOLIEr0 BO3ACUCTBUS B COOTBETCTBUH C YKa3aHHBIM ypaBHEHHEM B
MOMEHTBI BPEMEHHU, OTPEICIISIeMbIE 3a/IaHHBIM TAKTOM KBAaHTOBAHMUSL.

PaccmoTpuM mpeoOpa3zoBaHME MCXOAHON CHUCTEMBl KOHEYHO-Pa3HOCTHBIX
ypaBuenuir (CKPY) ITIKY « wuenouncneHHoi ¢opme, BBINOJHSIOMICH

HKBUBAJIEHTHYIO 00pabOTKy U(POBBIX KOJOB aHAIIOIOBBIX CUTHAJIOB.

HUcxonnas CKPY nmeet Bun

X[k +1] = a* x[k] + b*e[k];

ulk] = ¢ * x[k]+ d *e[k]. (10.1)

O06o3HauMM YpPOBHH AMCKPETU3ALNUU MO TEPEMEHHBIM COCTOSHUS A, MO
YIIPABISAIOIIEMY HaNpsDKEHUIO - A U 3a/1al0lieMy CUrHainy - A, (kak npaBuwio A,

=A,), torna Beipaxkenue (5.10) OTHOCUTENBHO KOAA YIPABIISIIONIETO HAIMPSKEHUS

MOJKHO 3aIItMCaThb B BUJC

X4[K +1] =a*x,[k]+b*e,[k];

u[kl1=(A, /A,)*c*x,[K]+ (A, /A,)*d *e,[K], (10.2)

Jns Ttoro 4rtoObl TpH OKPYTJEHWH JO LEJIOT0 3HAYEHHUs, CBS3U
YIOPABISIOWIEr0 BO3ACHCTBUS C KOOpAMHAaTaMud He Obula MOTEpsHBbI, B
COOTBETCTBYIOILIME YpPaBHEHUS MOTYT OBbITh BBEJIEHBI JOIOJIHUTEIbHBIC
MaciTaOHble MHOXHUTETH. B 3TOM cityyae mocneanee ypaBHeHue cucrems (10.2)

MOJKET OBITH 3aIIMCAaHO B BHUC JIBYX ypaBHeHHﬁZ

UTa[k] = (M*A, 1A,)*c*x,[K]+(M*A, /A,)*d *e,[k],

Ug[k]=u"qa[K]/m. (10.3)
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WNnu B OKOHYATEIEHOM BUAC

u"a[k] = C¢ * x, [k]+ D® *e, [K],

u,[k]=u"g[k]/m. (10.4)

e
C'=E {m*c* (A, /A,)}; D=E {m*c*(A,/A,)}. CumBonom E oGo3HaueHa

oricpanu:Aa BbIACICHUA HCJ’IOﬁ qaCTH 4HcClia.

KOI[LI 3aJai0mero CUuraajlia, ImCpCMCHHAA COCTOSAHUA 00BeKTa YIIPaBJICHUA U
YHPAaBJIAOIICTO BOSI[GfICTBPIﬂ PaCCUUTBIBAOTCA B COOTBCTCTBHU CO CIICAYIOIINMU

3aBUCHUMOCTSIMU:

Ug =E{u/A }; xg=E{Xx/A};eq=E{e/A.} (10.5)

Cxema Simulink-monenu wucciieqyemMold CHUCTEMBI JJISI PacCMaTPUBAEMOTO
ciydas nmpenacrasiena Ha puc.10.1.

Monyns MIICY (MUKpOIpOLECCOPHON CHUCTEMBI YNPABICHHUS), pa3BEpHYyTas
cxema KoToporo mpesacrtasieHa Ha puc.10.2, peamusyer obpamenne k MATLAB
Function ¢ wumenamum ADC, CSU u DAC. Ilpu 53TOoM cHTHaAI OIIMOKH
npeoOpasyeTcs B mudpoBoi Ko ¢ momotbio Moayinss ADC, a BRIXOAHOW CHUTHAIT,
IpEJCTaBICHHbI B IU(PPOBOM KoJe, MNpeoOpa3yeTrcss B AaHAJOTOBBIA CHUTHAI
monyaem DAC. MATLAB Function ¢ umenem CSU peanmusyer pacuer
LEJIOYMCIICHHOTO KOJIa YIPaBIISIIOIET0 BO3AEHCTBUA B cooTBeTCcTBUU ¢ CKPY
(10.4). ®opmuporanue obpamienus k MATLAB Function ADC, CSU u DAC,
noka3ano Ha puc.10.3. Ha puc. 10.3 - 10.5 moka3zansl unTepdeiicbl M-pyHKImii.
brox mnapamerpoB MIICY mnokazan Ha puc.10.6. JIMCTHHIM mepeuncIeHHBIX

nporpamm npesacrasiensl Ha puc.10.7 u 10.8 cooTBeTCTBEHHO.
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Constant2

[}

tanual
Switch

I

¥

Sine Waved

Scopel

0

e
Lgal
Gaini L gl 0
meg GainZ
[ Saturation
01z OfuerT
. NCY
Clock
LI I
Scope? Scoped
Puc.10.1

PacueTHbie mepexoiHbIe TpoIecchl nmpeacTaBieHsl Ha puc. 10.10.

WATLAB
Function

ADC

Puc. 10.2

MATLAR function:

MATLAR
Function

Iy Block Parameters: MICY

Fune

CsU

|ADC(u, 1)

Puc.10.3

MATLAR function:

|CSUT). u(2). a1_ b1_e1_d1])

Puc.10.4

hATLAR function:

IDAC(u, dlu)
Puc. 10.5

R

— Subsystem (mask)

Scopel

Ix

— Parameters

du

Idu
dx1

Idx1
di_

|d1_

cl_

Ic:1_
hi_

|b1_

al_

|a1_

Puc.10.6

syst2002_KRU

global kx0;
global t0;

function kupr = CSU (ke, t,al , bl _,

cl ,dl);

global kxO;
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global tau; global tau;
global kuprO; global tO0;
global kuprO;
al=-0.6165;
b1=1; ift>=t0
c1=-4.0272055; kx1 = (b1_*ke + kx0*al )/100;
d1=2.667; kuprO = (d1_*ke + c1_*kx0)/1000;
dx1=0.0005; kx0 = kx1;
du=0.1,; t0 = t0 + tau;
end;
al =round(al*100); kupr = kuprO;
Puc.
bl =round(b1*100);
cl_=round(c1*dx1/du*1000); function ke = ADC (e, dx1);
d1_=round(d1*dx1/du*1000); ke=round(e/dx1);
end;
kupr0 =0 Puic.
kx0 =0
EO fg 001 function upr = DAC (kupr, du);
au =u. upr = kupr * du;
sim ('syst2002_KRU'): end;
Puc.10.7 Puc.10.8
BrixoaHast koopauHaTa
01 : \
DDB .......... ......... ........ ......... ......... 4
D | 1
0 002 004 006 008 01 012
Ommbka

Puc. 10.9
CpaBHUTENBHBIA aHAJIU3 MEPEXOAHBIX MPOLIECCOB, MPEJACTABICHHBIX HA PHUC.

10.8 u 10.9 mno3BomsieT cnenatb BBIBOJ O TOM, YTO BbIOpaHHBIE YPOBHU
JTUCKPETU3allM  CUTHAJIOB WM 3aJaHHas  ITOTPEIIHOCTh  NPEICTABICHHUS
KOO PHUIIMEHTOB aTOPUTMA YIIPABJICHUS HE OKA3bIBAIOT CYIIECTBEHHOTO BIIHSHHS

Ha BBIXOJHBIE XapaKTEPUCTUKU HU(PPOBOIl CUCTEMBI YIIPABICHHUS.
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1. OBBEKT UCCJIEAOBAHIA, ObOPYIOBAHUE

1 IlapaMeTppl CHJIIOBOM CHCTEMBI SJEKTPUYECKOTO CIEISIIEro MpPUBOAA
IOCTOSTHHOTO TOKa.

2 IlepcoHaJIbHBIN KOMIIBIOTED.

IV. 1IEJIM U 3AJJAYM UCCJIEJIOBAHUSI

TpeOyercst paccuuTarh JUHAMHUYECKHE XapPaKTEPUCTHUKU CUCTEMBI C
KOMITBIOTEPHBIM yTIPABJIICHUEM, CHUHTE3UPOBAHHOW METOJOM JOTapu(MUUYECKUX
MCEBJ0YACTOTHBIX XapaKTEPUCTUK O3 yueTa KBAHTOBAHUS CUTHAJIOB MO YPOBHIO U
C YYE€TOM KBAHTOBAHHWS CUTHAJIOB IO YPOBHIO. [IpoBecTr cpaBHUTEIbHBIN aHAIN3
MOJIYYeHHBIX pe3ysibTaToB. CHopMupoBaTh peKOMEHIAINH 110 BEIOOPY KOJUYECTBA
pa3psa0B BXOAHOTO YINPABISAIOMIETO KOAA MW KOJA YNPABICHUS JUJISI CHUCTEMBI

YIPaBJIEHHUS C CUIIOBOI CHCTEMOM, CTPYKTYpHas CX€Ma KOTOPOU MpeCTaBlICHa Ha

puc.10.10.

A u R K y R Y y
’ > Tp+)) P ’
Puc.10.10.

ITIpoBectn nccnenoBanue xapakrtepuctuk CAY ¢ UCHONb30BaHUEM MaKeTa

SIMULINK.

V. TIOPAAOK BBIITOJIHEHUWA PABOTBI

PacyuerTHas d9acTh
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[To 3amanHBIM MapaMeTpam BXOAHOTO mpeoOpa3oBaTelis, mpeoOpa3zoBaTels,
GbOpMHpPYIOMIEro YHPaBISIOMUNA CUTHA [JI1 WCIOJHHUTEIBHOTO JIBUTATEIIs,
3aJlaHHBIX TapaMeTpax KOPPEKTUPYIOIIero QuibTpa U BEIUYUHE TaKTa
KBaHTOBAHUS CHUTHAJIOB, OMPEICIUTh MapaMeTphl KOIPDHUIIMECHTOB TMepeaadn

AJITOPUTMOB YIIPpABJICHUA.

BKCHCpI/IMCHTaJH)HaSI qaCTb

1. CoctaButh cxemy mozenupoBanus cuctembl B cpeae SIMULINK 6e3
yueTa KBaHTOBaHUs CUTHAJIOB IO YPOBHIO.
2. CocraButh cxeMy MmozenupoBanus cuctembsl B cperne SIMULINK ¢

Y4CTOM KBAHTOBAHUS CUTHAJIOB I10 YPOBHIO.

3. HccrmemoBaTh TEPEXOMHBIE TIPOIECCHI B CHCTEME JUISl  Pa3IdYHBIX
BapHUaHTOB (o 3aJJaHUIO MIPEIo/IaBaTEeIs) rapamMeTpoB
npeoOpazoBaresied  BXOJHOTO CUTHajla M CHUTHAJIa  yHOpaBJICHUS

HCIIOJTHUTCIIbHBIM ABUT'aTCIICM.

VI. OOOPMJIEHUE OTYHETA

OTtyer JOMKEH colepkaTh pacdeT  KOIPOUIIMEHTOB  aJTOPUTMOB
yopaBieHusi 0e3 ydeTa KBAaHTOBAHHUS IO YPOBHIO M C y4E€TOM KBAHTOBAHUS IO
YPOBHIO.

B orTyere nomxHBI OBITH MpUBEACHBI (PYHKIIMOHAIBHBIE U CTPYKTYPHBIE

CXCMBbI, CXCMbI MOACIUPOBAHNA U PACYCTHBIC IICPCXOAHBIC IIPOLCCCHI B CUCTCMC.

VIl. KOHTPOJIBHBIE BOITPOCHI

1. Yrto Takoe KBaHTOBAHHUE CUTHAJIOB 110 BPEMEHU?
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YT0 Takoe KBAHTOBAHUE CUTHAJIOB 110 YPOBHIO?

Kakoii Tum KBaHTOBaHWsI CHUTHAJIOB XapaKTePeH A IU(POBBIX CUTCEM
yIIpaBJICHUS?

Kakum oOpa3oMm BiusieT KBAaHTOBAaHUE CUTHAJIOB IO YPOBHIO Ha
XapaKTEPUCTUKU CUCTEMBI?

Kakue pexoMenganum MOoryT ObITh CPOPMHUPOBAHBI JIJIsi BHIOOpA KOJUYECTBA
pa3psaoB HEOOXOAMMBIX ISl TpeICTaBieHUs WHGOpMauu B HU(PPOBHIX
cUCTeMax yIpaBJeHUs?

Kakum 00pazoM MOTyT OBITH YYTEHBI Majbie KOI(PPUIMEHTHI Mepeavyn B
QIrOpUTMAax YIPaBJICHUS, PEATU3YEeMbIX C IIOMOIIBI0 IETOYUCICHHOU

apupmeTuku?
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JlabopaTtopnas pabora Nel 1

YYET BJIMSAHASA KBAHTOBAHUSI CATHAJIOB IO YPOBHIO
ITPU AHAJIM3E XAPAKTEPUCTUK CUCTEM
C KOMIIBIOTEPHBIM YITPABJEHUEM
(UACTH 2)

|. HEJIb U 3AZTAYUN PABOTEI

OTpa60TKa IMPAKTUYCCKUX  HABBIKOB  MOJCIMPOBAHUA  KBAHTOBAHUA
CUTHAJIOB II0 YPOBHIO U aHAJIM3a BJIMUAHHUA KBAHTOBAHHWA CUTHAJIOB IIO YPOBHIO Ha
XApPaKTCPUCTUKHN CHCTCM C KOMIIBIOTCPHBIM VYIIPABJICHHUCM, CHHTC3HPOBAHHBIX

METOJIOMH MTPOCTPAHCTBA COCTOSIHUM.

Il . TEOPETUYECKHUE CBEJAEHU A

Paccmorpum moaudukanuo SimuLink-moaenu, nmpuBeaeHHy0 B padbote 9 ¢
IEIbI0 yYeTa BIMSHHUS Ha XapaKTCPUCTUKH CHCTEMBl KOHECYHOMW pa3psIHOCTH
1udpoBoro Koga, MCHOJB3YEMOIO JJIsi IMPEACTaBICHUS 3HAYEHUM KOMIIOHEHTOB
BEKTOpa COCTOSIHUS OOBCKTA YMPaBICHHWS, BXOJHOTO 3aJIalOIICTO BO3JACHCTBUS U
BBIXOJTHOTO CHUTHAJIa ajiropuTMa yIpaBiieHUs (Koja HAmpsHDKCHHS Ha OOMOTKE
SKOPS IBUTATEIs).

[Tpeamonoxum, 9T0 KOA(DPHUIUEHTH aITOpUTMa YIIPABICHHUS TAKXKE TOJDKHBI
OBITh MPEJICTABJICHBI IIEJIOYUCICHHBIM KOJIOM, MacIiTad mpeoOpa3oBaHUs 3aBUCUT
OT YpPOBHEW JUCKpETH3allUM TI0 TIEPCUYHMCIICHHBIM BBIIIE  IEPEMCHHBIM.
3aBUCUMOCTH JUIsl MaclITaOMpoBaHUsS KOA(D(OUIIMEHTOB alropuTMa YIpaBICHUS

IIOJIYYUM H3 BBIPAXCHUA .

U=k *X1+K*Xo+. . . +Kn*Xp. (11.1)

O003HaYMM YPOBHHU JUCKPETHU3AIIMHU 10 MEepeMeHHbIM cocTostHus A; (I=1+

n), Mo ympaBJsONIEMy HampspKeHHIO - A, W 3ajmaromemy curHamy - A, Torma
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BoIpaxkeHne (11.2) OTHOCUTENBHO KOJa YINPABJSIONIET0 HAMPSIKEHUS MOXKHO

3aIMcaTh B BUIIC:

Ug=Ke* (A, 1A, Y XagHko* (A, 1 A, Y*Xagt. . +Ka*(A, 1A, ) *Xng. (11.3)

Uqg=K1g™* X19+Kog™Xog+. . . HKnd™Xng- (11.4)

KOI[LI YIIPaBJAIOMICTO BOSI[CﬁCTBHH, 3aJal0ecro CUrHajlia M IICPCMCHHLIC
COCTOSIHHUS OOBEKTa YOpaBJIICHUSA  PACCUUTBIBAOTCA B COOTBCTCTBHU  CO

CICAYIOIINMU 3aBUCUMOCTIMU:

Xig = E{Xi/A;}; Ug =E{U/A,}; dwa= E{gw/A, }. (11.5)

Koaddunuentsr Kig (i=7...n) onpenensiorcs B pe3yabTaTe OKPYTJICHHS 0

EJI0ro COOTBECTCTBYIONINX 3aBHCHUMOCTCH:

kio = E {ki* (A,/A)} . (11.6)

Ha puc. 11.1 mpeacraBinen ¢dparmeHT M-daiiiaa, OpraHu3yIoIero pacder
JTUCKPETHBIX KOA(PPHUITMEHTOB YMpaBIECHUS W 3aIyCKaIOMEro MOJEITh CHCTEMBI,
YUUTHIBAIOIIEH TUCKPETHOCTH MPEICTABICHNS KOOPIUHAT.

B mporpamme BBemeHBI crheayrommue O0003HAYCHUS JUISl TPEACTABICHUS
3HAYEHW KOMIIOHEHTOB BeKTOopa cocTtossHug OY, BXOAHOTO 3aJaroIIero

BO3I[GI>1CTBH$I M BBIXOOHOI'O CMI'HAJIa aJITOpHUTMaA YIIPpaBJICHHA:

gbX — BXOTHOM 330Nl CUTHAI,

ugol — yros moBOpOTa BBIXOHOTO BaJla CUCTEMBI;
skorost — yacrora BpaliieHusI BBIXOJIHOTO Basia,
tok — TOK B LIeTH SIKOPSI JIBUTATES

U- HAIpsPKCHUE Ha 00OMOTKE AKOPA UCIIOJHUTCIIBHOTO ABUTaTECIIA.
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% CuHTe3 CY OOBEKTOM TPETHLETO NOPAIKA

[K] = K UPR(n, A, B);

kl= - K(1);

k2= K(2);

k3= K(3);

% PacueT IMHaMMUYECKMX XaAPaKTEPMUCTMUK CUCTEMEH
su3

sim ('su3'")

Puc.11.1

SimuLink—monenb, paccunThIBaromas AMHAMUYECKHE MPOIECCH B CHCTEME

YIpaBJICHUA C YUCTOM AUCKPCTU3AIHNH IIPCACTABIICHUA I/IH(i)OpMaHI/II/I IMPpUBCACHA

Ha puc.11.2
[ [
gux u wron
Caonstant .
Je{ugal
u - J_Ll_ - U ut p 1
e shiorost
Zero-Order . CEOPOCTE
etk Hold ofiberT
v S-ero nop#ara Demux
Dremusl wNpaeneHKe L ]
TOK
Puc.11.2

B crpykrypy Moaenu BBeaeHa (GYHKIHS, peaTu3ylomias HEIHHEHHBIC
OIEpaIlMU 10 PACYeTy YIPABISIONIETO BO3JACHCTBUS C YYETOM JHUCKPETHU3AINU
npeacraiacaus uHpopmanuu ("diskret”). JlucTHHr (QyHKIMH TMOKa3aH Ha

puc.11.3.

function[Udv]=diskret (gvx, ugol, skorost, tok, k1, k2, k3,
dx1l, dx2, dx3, du);

% CuHTe3 CY OOBEKTOM TPETBLETO MOopAIKa
kxl=round ( (gvx-ugol) /dx1) ;
kx2=round (skorost/dx2) ;
kx3=round (tok/dx3) ;
% CuHTe3s CY OOBEKTOM TPETLETO MNOPAIKa
kdl= round (kl*dxl/du) ;
kd2= round (k2*dx2/du) ;
kd3= round (k3*dx3/du) ;
% CuHTe3 CY ODOBEKTOM TPETHLETO NOPAIKa
ku=kd1l*kx1+kd2*kx2+kd3*kx3;

Udv=ku*du;

Puc.11.3
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Bxon B HenwHEWHYO (QYHKIHIO peaim3yercs B MOAMOJeNu (cyOMomen)

"yonpaBnenue". biok mapamerpoB cyOMmojienu 'ympasieHue"

noka3anbl Ha puc.11.4. u 11.5 cooTBeTCTBEHHO.

Block Parameters: ynpaeneH1e

3

rSubsystem (mask)

—Farameters
k3

|k3
k2

|k2
k1

|k1
du

ID.1
dx3

|D.D1
2

|D.488
dx1

|D_nu3

o]

Cancel |

Puc.11.4

U €e CTPYKTypa

WMATLAB » -
Functian

skorost

- diskret

tak
Puc.11.5
Parameters
MATLAB function:

|diskretu(1), u(2), u(3). u4). k1. k2. K3, di], o2, o3, cl)

Puc.11.6

dopmupoBanue uHTepderica M-GyHKIUM MpeacTaBieHo Ha puc. 11.7.
PacuerHble XapakTepuCTUKH CUCTEMBI ITpeicTaBiIeHbl Ha puc. 11.8.

U

=101 %]

=
-3 i i i
L 0.01 0oz 003

aa

gt ........ ......... ........ .................
ot ........ ........ ......... ................
20

0F-
=20 I N L H ;

0 ool 002 003 004 005

Hyron

-2000

-4000
0

001 00z 003 004 005

Puc.11.7.
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Kak BHIHO M3 MPHMBEICHHBIX PACUCTHBIX IIEPEXOIHBIX mporeccoB (puc.11.7),
CTETICHb BJIMSHUS KBAaHTOBAHWS CHUTHAJIOB TI0 YPOBHIO Ha TIEPEXOTHBIC MPOIIECCHI
CYIIIECTBEHHO BHIIIEC MO CPaBHEHUIO C paHEe PACCMOTPEHHBIM TPHUMEPOM. ITO
OOBSICHSIETCS] TEM, UTO B TIOCTICIHEM CIlTydae pacdeT MPOBOIWICS ISl CUCTEMBI O¢3
OTPaHUYCHHS] BEIIMYWHBI  YIPABISIIONIETO BO3ACHCTBUSA, YTO MPUBOIUT K
CYIIIECTBEHHBIM OTKJIOHEHHUSIM €T0 BEIWYMHBI OT HOMHUHAILHOTO (JOIyCTUMOTO)
3HaueHWs. TeM He MeHee, KaueCTBEHHAas KapTHWHA IEPEXOJHOTO MpoIlecca Io
MEPEMEHHBIM COCTOSIHUSI TIPAKTHYECKH HE W3MEHWIach (IO CpaBHEHHUIO C

poleccaMu, PUBEACHHBIMU Ha puc. 11.7).

VI. OBBEKT UCCJIEAOBAHUNA, OBOPY1OBAHUE

1 IlapaMeTpbl CHJIOBOM CHCTEMBI 3JEKTPUUYECKOTO CIEHSIIEro MpUBOAA
MOCTOSIHHOT'O TOKA.

2 IlepcoHaJIbHBIN KOMITBIOTED.

VII. 1IEJIM U 3AJJAYM NCCIEJIOBAHUSI

TpeOyeTcss paccuuTaTh JUHAMUYECKHE XAPAKTEPUCTUKH CHUCTEMBI C
KOMIIBIOTEPHBIM ~ YIIPABICHUEM, CHUHTE3UPOBAHHOW METOJaMH IPOCTPAHCTBA
COCTOSIHUI 0€3 yueTa KBaHTOBAHMSI CUTHAJIOB MO YPOBHIO U C YYETOM KBAHTOBAHMUS
CUTHAJIOB 110 YpOBHIO. IIpoBeCTM CpaBHUTENBHBIA aHaIU3 IOJYYEHHBIX
pesynbratoB. CHopMUpoBaTH PEKOMEHAIMHA IO BBHIOOPY KOJWYECTBA Pa3psiioB
BXOJHOTO YITPABIAIOLIEr0 KOJA M KOJA YIPABJICHUS IJII CUCTEMBI YIPAaBICHUS C

CHJIOBOW CHCTEMOM, CTPYKTypHasi cxeMa KOTOpo# mpecTasiieHa Ha puc.11.8.

A u K y y

:I > (T1p+1) p —r

4
v
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Puc.11.8.
[TpoBectn ucciieqoBanne xapakrepuctuk CAY ¢ UCHOJMB30BaHUEM ITaKeTa

SIMULINK.

VIII. TIOPAAOK BBIIIOJIHEHUA PABOTHI

PacuerTHasa 4YactTh

[lo 3a1aHHBIM MapaMeTpaM BXOJHOrO Mpeodpa3zoBartelis, Mpeoopa3zoBaTels,
GOpMHPYIONIETo  YIPABISIOMNWNA CUTHAT I  HCIIOJHHUTEIBHOTO JIBUTATEIIs,
3aJlaHHBIX TapaMeTpax KOPPEKTUPYIOIIero (uibTpa U BEJIMYMHE TakTa
KBaHTOBAHUS CHUTHAJIOB, OMPEACIUTh TMapaMeTpbl KOA(P(GUIIMCHTOB IMepeaadn

AJIrOPUTMOB YIIPpAaBJICHUAI.

3KCH€pI/IMCHTEUII>HaSI qaCTb

1. CocraButh cxemy mozenupoBanusi cuctembl B cpene SIMULINK 6e3
yuyeTa KBaHTOBaHUS CUTHAJIOB IO YPOBHIO.

2. CocraButh cxeMy mozenupoBanus cuctemMsl B cpeae SIMULINK ¢
y4€TOM KBAaHTOBAHUS CUTHAJIOB IO YPOBHIO.

3. HUccnenoBaTh mepexoAHbIE TMPOLECCHl B CHUCTEME I Pa3IuIHBIX
BapHaHTOB (o 3aJJaHUIO IpernoaaBaTens) napaMeTpoB
npeoOpazoBaTesneil  BXOAHOIO CHUTHAJla M CHUTHAla  YIpaBJICHUSA

HUCIIOJTHUTCIIbHBIM ABUTATCIICM.
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VI. OOOPMJIEHUE OTYETA

Otuer pgOMKEH conaepkaTh pacdyeT KO3 UIMEHTOB  aIrOPUTMOB
yIpaBieHus 0€3 ydeTa KBAaHTOBAHMS IO YPOBHIO M C YYETOM KBAHTOBAHHS II0
YPOBHIO.

B otdere momkHBI OBITh MpUBENEHBI (DYHKIIMOHAIBHBIE W CTPYKTYpPHbIE

CXEMbI, CXCMbI MOACIIMPOBAHUSA U PACUCTHBIC IICPEXOAHBIC ITPOLICCCHI B CUCTCMCE.

VIl. KOHTPOJIBHBIE BOITPOCHI

1. Yto Takoe KBaHTOBaHHE CUTHAJIOB IO BPEMEHU?

2. Yto Takoe KBaHTOBAHUE CUTHAJIOB MO YPOBHIO?

3. Kakoli TWm KBAaHTOBaHUS CUTHAJIOB XapaKTepeH sl HU(POBBIX CUTCEM
yYIpaBJICHUS?

4. Kakum o00pa3omM BIHMSET KBAHTOBAHME CHUTHAJIOB 1O YpPOBHIO Ha
XapaKTepUCTUKU CUCTEMBI?

5. Kakue pekoMeHaumm MOTyT ObITh COOPMHUPOBAHBI 1JI BBIOOpA KOJIMYECTBA
pa3psA0B HEOOXOAMMBIX ISl TIPEACTaBiieHHs] WHGOpPMAIMU B IHUQPPOBBIX
CHCTEMaXx YIpaBJICHUSA?

6. Kakum o06pa3oM MOTyT OBITH yuTeHBI Majble KOX(PQUIIMEHTH Nepeaadyn B
ITOPUTMaxX YOPABICHUS, DPEATU3YEMbIX C TOMOMIbIO IEIOYUCIECHHON

apupmeTuku?
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