JlabopaTopHasa pa6oTa Ne 5
MoaesiMmpoBaHUe JIMHENHbBIX CUCTEM
C UCNI0JIb30BaHUEM CTPYKTYPHbIX OJIOKOB
naketa Simulink

eab padoThl: HAYYUTHCS MOJEIUPOBATH M UCCIIEIOBATh MPOIIEC-
Chl B JIMHEWHBIX CUCTEMaX MpH MoMoIu S-mozeneit nakera Simulink.

MeToaudyeckKue YKAa3aHUA

Jlns aHanuza paboThl CIOKHBIX CUCTEM (OOBEKTOB) MIMPOKO MPH-
MEHSIIOTCSI UX CTPYKTYpHBIE CXE€Mbl, B KOTOPBIX OHHM MPEICTaBICHbI
B BHJI€ OJIOKOB (3BEHBEB) C OMPEEICHHBIMU XapaKTePUCTUKAMHU.

CTpyKTypHBIE CXEMbl JUHEUHBIX CHCTEM COCTOSIT M3 THUIIOBBIX
3BEHBEB, B COCTaB KOTOPBHIX MOTYT BXOJUTH alepuoanyveckue, koyeda-
TeJIbHbIC, YCUJIUTENIbHBIC, HHTErpUpyomme, auddepeHuupyomnme u
JPYTHE 3BEHbSI.

B oOmeM ciydyae 3B€HYy COOTBETCTBYET NEpeAaToyHas (PyHKLHUS
BUJIA:

W(s)=Y(s)/X(s),
rae X(s), Y(s) — uzo0pakeHrue COOTBETCTBEHHO BXOJHOTO M BBIXOJIHO-
IO CUTHAJIOB.

B tabnuue 1 npuBeneHsl nepenaroyHbie PyHKIMA OCHOBHBIX BU-
JIOB 3BCHBEB.

Ta6numa 1 — [lepegatounbie (yHKIIMN 3BEHHEB

HanmeHnoBanue 3BeHa [lepenarounas GpyHKIMA
K
Arnepuoan4ecKoe 3BeHO NEPBOro NopsKa W(s)= T
S+
KonebarensHoe 3B€HO BTOPOTo NOPsIKa
(KopHU Xapakmepucmuyecko2o ypasHeHus W(s)= K
3HAMeHameJis nepeoamoyHoll PYHKYUU OONHCHBL T, P Ths+1
ObIMb KOMNJIEKCHBIMIL)
VYeunurenpHoe (IpONOPLHUOHAIBLHOE) 3BEHO W(s)=K
Juddepennupyromniee 38eHO Wi(s)="Ts
1
HuTerpupyroiiee 3BeHO Wi(s)= -
s

B tabnutie ncnonp3yroTes cieaytonme 0003HaYCHS:
T — moCcTOsIHHASI BpPEMEHU;
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K — xoa¢dunmenT ycunenus (IpormopIriuoHaTbHOCTH);

§ — OIeparop.

B nmaGopartopHoii paboTe paccMaTpuBaeTCsl CUCTEMa YIPABICHUS
00BEKTOM TIO YTy ero moBopoTa . CTpyKTypHasi CXemMa CUCTEMBI MPH-

BEJCHA HA PUCYHKE 1.

BHemHee BO3eHCTBUE

Py

Cymmarop Perymstop [TpuBon OO0bexT
+ Y+ ¢
Po |2 R(s) P P(s) Bls) >
Opran
yHpaBJICHUA W3mepurenbHas cucrema
H(s) |«
Pucynok 1

B coctaB cucteMbl BXOIAT: OpraH ynpaBiIeHHUs, KOTOPBIM 3a0acTCs
HEOOXOIMMBII yroi moBopoTa o0beKTa (), PETYIATOP, IPUBOJI, 00b-
eKT yHpaBlICHUs, U3MEpUTEIbHAs CUCTEMa, IBa CyMMaropa u OJIOoK, 3a-
N0V BHEIIHEE BO3AEUCTBUE P/ .

JIBIbKeHHEe OO0BEKTa OIMCHIBACTCS JIMHEMHOM MaTeMaTHYECKOM MO-
JICJIbIO0 BTOPOTO MOPSIJIKA B BUJIE CIICIYIOIIEH MepeaTOuHON (PyHKITUN:

K
B(s)=———,
s(Tgs+1)
rne Tz — HOCTOsSIHHAs BpeMeHM 00bekTa; K — MOCTOSHHBIM k03¢ ¢u-

[ACHT.

[IpuBog o0OBEKTAa MOAEHTHPYETCS KaK WHTETPHUPYIONIESe 3BEHO,
OXBAYC€HHOE €JIMHUYHOM OTpHUIIATEILHON OOpaTHOM CBS3BIO, TaK YTO €T0
nepenaTodHas QyHKIHMS UMEET BU/I:

P(S):L,
TPS+1

rac TP — IIOCTOsIHHAA BPpCMCHU 1IPHUBO/IA.

JIns u3MepeHus yria MmoBOpoTa OOBEKTAa HMCHOJb3YETCS U3MEpHU-
TENbHAsl CUCTEMa, MaTEMATHUYEeCKash MOJENIb KOTOPOW 3aluChIBAETCS

34



B BHJIC allEpUOJMYECKOTO 3BEHA IMEPBOr0 MOPSAKAa C TMepeaaTOdyHOMN
byHKIMEH
1

H(s)=—,
() THS+1

rae Ty — nOCTOssHHAs: BPEMEHU U3MEPUTEIIBHOU CUCTEMBL.

Perynsitopel mpumeHSIOTCS 1711 (POPMUPOBAHUS  YTIPABIISIOIIETO
CUTHAJIa C IETBI0 MOJYyYEHUS HEOOXOIUMOW TOYHOCTH YIpPaBJICHUS U
KauecTBa MEePEXOHOTO MpoIlecca.

[IponoprmonansHo-uHTerpo-nuddepennupyronuii  (ITAJI) pery-
JTOp OPMHUPYET CUTHAJI, SBIISFOITUNCS CYMMOU TPEX cllaraeMbIX, Mep-
BOE M3 KOTOPBIX MPOIMOPITMOHAIBHO PAa3HOCTH BXOJHOTO CHTHAJIA M CHT-
Haja OOpaTHOM CBsI3U (CUTHAJ PAacCOTJIaCOBAHUSs), BTOPOE — HMHTErpaj
CUTHaJa PaccoriacoOBaHus, TPEThE — MPOU3BOIHAS CUTHAJIA PAcCcoriaco-
BaHus. Eciy kakue-TO W3 COCTaBISAIOMIMX HE MCIOIB3YIOTCS, TO PETyIIs-
TOp HAa3BIBAIOT MPOMOpUUOHATBHO-UHTErpupytonum (I1H), mpomnopimo-
HanpHO-TUdbepenumpyrommm (I1/1), mpomoprinonansaeiM (I1) u T.1.

Ecnu 00beKT HE MEHSIET CTPYKTYpPY M CBOM MapaMeTphl, TO CUCTe-
Mbl ¢ [T1][-perynstopamu obecrieunBaroT HEOOXOIUMOE KayecTBO pe-
TYJUPOBAHUS TPH OOJBITUX BHEIIHUX BO3MYIIAIONINX BO3JICUCTBUAX U
momMexax.

B pabote uccrnemyiorcst cuctemsl yrpasieHus 00bexTom ¢ [1]1- u
[T /I-perynsitopaMu.

[TU/1-perynarop B 00IIeM ciaydae UMEET nepeaaTouHy o (QyHKIIUIO

1
R(S)ZKP 1+—+TDS ,
T]S
rae Kp — KO3QQUIUEHT NPONoOpIHOHAIBHOCTH; 1; — MOCTOSIHHAsI MHTe-
rpupoBanus; 1 — NOCTOSIHHASA AUPPEpEeHITUPOBAHUS.

B ciyuae xe npuMeHenus: GpuibTpa nepenaTouHas GyHKIHs paBHa

1T
R(s)=Kp|1+——+—D°
T]S TFS+1

rne Tp — nocrosiHHas ¢unbtpa (T = Tp /n, Ipu 3TOM, KaK IpPaBUIIO,
n=2,...,20).

Jlst cucteMbl ynpaBiieHUsT 00BEKTOM, HCCIelyeMon B jabopatop-
HOM paboTe, 3a7aHbl CIEAYIONTUE TapaMeTph:

— yroJ moBopota oobekra = 10°;
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yTOJI BHELIHETrO BO3AeUCTBUSA Q) = 2°;
— mapameTpbl 00bekTa 73 =12 ¢, K = 0,06;
— mapaMeTpsl npuBoga 7p =3 c;
— IapameTpbl U3MEPUTEINBHOU CUCTEMBI 1 =5 C;
— mapametpol perynsitopa Kp = 0,5, 7, = 100c, Tp = lc, Tr =
=0,1 c.
IIpu 5TOM HaHHas cUCTEMA UCCIIEYeTCs B 3 peKUMax:
— 0€3 BHEIIIHETO BO3JICHCTBUSI ¢ ucnoab3oBaHueM [1/[-perynsropa;
— C BHEILIHUM BO3JICUCTBUEM C HCIoib30BaHueM I1/[-perynsatopa;
— C BHEIIHUM BO3JIEUCTBHEM C uctoiab3oBanuem 11 ]1-perynstopa.

Pa6ouee 3aganue

1 3anyctuts Matlab u Simulink.

2 HactpouTh UMs AUPEKTOPUU JJISI XpAHEHHUs CO3/1aBaeMbIX (paii-
noB (komanzna: Home=Set Path=>Add Folder'), yka3aB cBoio manky Ha
micke H:.

3 Co3math HOBYIO MOJENb C IOMOIIBIO BEPXHETO MEHIO OKHA
Simulink Library Browser (komannaa: File=>New—Model).

4 Jlo6aButh B okHO mojnenu Onok Transfer Fen (nmepemarounas
¢bynkuusi) u3 rpynnsl Continuous Oubiamorexkn Simulink, npennaszna-
YEeHHOW g moJydeHus (YyHKIMOHAIBHBIX OJIOK-CXEM pa3IuYHBIX
YCTPOWCTB.

[ToMecTuTh OJIOK B OKHE B COOTBETCTBUU CO CTPYKTYPHOH CXEMOM
MOJEIUPYEMON CUCTEMBI, PUBEAECHHON HA PUCYHKE 1.

5 3anate O0noky Transfer Fen nazBanne OO0bekT (C MOMOIIBIO
JIKM Ha umeHH 0110Ka).

6 Brimoraute nBoiHoM 1merdok JIKM na 0imoke O0beKT 1 3a1aTh
B TMOSBUBIIEMCA OKHE MapaMeTpoB KOIPUIMEHTHI TMepeaaTOuHON
byHKIIUN

B(s) = 0,06 0,06
s(12s+1) 12s* +s~

Koadduumentsr uncnutens (Numerator coefficients: [0.06]) u
3HameHarens (Denominator coefficients: [12 1 0]) mepenarouHoi
GyHKIMM BBOJATCS B KBaJIpaTHBIX CKOOKax yepe3 MpoOen B MOpsIKe
YMEHBIIIEHUS CTENIEHU OIlepaTopa .

'M3-3a oTnmumii B BepcuAX mporpaMMHOro obecriedeHus Matlab u
Simulink Ha3BaHus KOMaH], yKa3aHHBIX B OMUCAHUU K paboTe, U KOMaHJ Mpo-
rpaMMbl MOTYT YaCTUYHO OTINYATHCS.
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7 Anamormyno no0aButh emie naBa Onoka tmma Transfer Fcen,
Ha30BUTE UX cOOTBETCTBEHHO IIpuBoa n U3mepureabHas cucremMa u
BBEJIUTE UX NTAPAMETPHI.

[lepenaTounbie (yHKIMH MPUBOJA M HU3MEPUTEIBHOM CHCTEMBI
UMEIOT COOTBETCTBEHHO BUI:

1 1
Po=5a 1950

nodTOMy 3HaueHue Koddpdunmenta yucnurens Onoka IlpuBoa Oyner
paBHo [1], a koapdunmenToB 3Hamenarens — [3 1]; 3HaueHue kodpdu-
1MeHTa yuciautens o6ioka U3mepurenbHasi cucrtema Oyjaet pasHo [1], a
ko3 dunmenToB 3HaMeHaTens — [5 1].

8 PazBepuyTh 0510k I3MepuTe/IBLHASL CHCTEMA B IPYTYIO CTOPOHY.

9 Ho6asuts u3 rpynmnsl Continuous 610k PID Controller (ITHN/I-
peryistop). BHavane B kadectBe peryinsaropa ucnoiwsdyercs [1/]-pery-
JSTOP, MO3TOMY B OKHE TapaMeTpoB HY>KHO BbIOpaTh Controller: PD
(pUCyHOK 2).

Controler: TN | Form: [deal 4

Tirne domain:
&) Continuous-tirme

O Discrete-time

Main | PID Advanced | Data Types | State Aftributes
Controller parameters

Proportional (P 0.5 = Compensator formula

Derivative (D 1
N
1+N 1

Ture... 8

Filter coefficient (N}: |10 P|1+D

Pucynok 2

YcranoButh Form: Ideal u B cooTBETCTBHMM C BHUAOM pealin3ye-

Mol mnepenarouHor (pynkuuu (Compensator formula) 3anate mnapa-
MeTpsl peryisropa P, D, N:

P:KPZO,S;
D=Tp=1;
N=1/Tr=10.

10 [lepenect Ha3BaHus OJIOKOB CHU3Y BBepX (Haxkmute [TKM
Ha Ooke u BoinonHuTe koMan1y Rotate&Flip=Flip Block Name).
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11 JoGaButh B 0KHO Mojenu 0iok Sum u3 rpymmsl Math Opera-
tions ¥ yCTaHOBUTH €r0 CIIEBA OT PETYJATOPA. Y CTAHOBUTE ISl HUYKHETO
BXOJ/Ia CyMMaropa 3HaK MUHYC (IIJI1 OTPUIIATEILHON OOpaTHOM CBSI3M).
Jlns aToro B OKHE MmapameTpoB Osioka B mojie List of signs BBecTn
C KJIaBHATYPHI uepe3 Mpooest CUMBOJIBL: | + — (He3aelCTBOBAHHBIN BXO]I,
BXO/JI «TLTIOCY», BXOJT «KMUHYCH).

12 ToGaBuTh eme oauH OJ0K Sum U YCTaHOBUTE €r0 MEXK]y MpH-
BOJOM U 00BekTOM. HacTpouTh pacmnosnokeHue BXOAOB M BbIXOJa Tak,
4yTOOBI MEPBBIN BXOJ ObLI B BEpXHEW YacTu Kpyra (BBeaute + + | B mojue
List of signs).

13 loG6aBuTh B OKHO MOJeau OJOK Step w3 rpymmbl Sources
U yCTAaHOBUTE €ro ciesa oT cymmaropa. Haseate ero Opran ympas-
JICHMS.

B okxHe mapameTpoB 0JiOKa yCTaHOBUTH BpPEeMS MOJAa4d CHUTHaja
(0 B mose Step time) u BeJMUMHY CUTHAJIa — yTJla TOBOPOTa OOBEKTA

(o (10 B none Final value).

14 CxonmupoBath Ojok OpraH ynpapJjieHUsi, TIEpPETallUB €ro
I[TIKM. Jlatp emy Ha3BaHuc BHeliHee Bo3aedCTBHE. YCTAaHOBUTH IS

HEro BEJIMYMHY CUTHAJIA BHEIIHETO Bo3aenucTeus Oy = 0.

15 CoenuHuTh BCe OJIOKK MOJEIN B COOTBETCTBHUU C PUCYHKOM 1.
JloGaBUTH B OKHO Mojzenu ABa 0yioka Scope (ocumiiorpad) U3 TPYIITbI
Sinks 1 ycTaHOBUTH UX B MpaBoil yacTu nojsi. Hazgate ux YnpasiaeHue
o0bexToM U [loBOpPOT 00BEKTA.

16 Iloxgath Ha mepBBIi O0JI0K Scope CUTHAI C BBIXOAA BTOPOTO CyM-
MaTopa (BXoAHoW curHai Oyioka OQ0beKT), a Ha BTOpoil OJ0k Scope —
BBIXOJIHOM curHai 0j10ka QO0beKT (PUCYHOK 3).

il =

BHelwwHee YnpaeneHue
BO3deiCTBINE Perynarop Mpueog ObtexT oBLEeKTOM
| 1 0.06 | |
PD(s) H» —— —p P
3s+1 1282+s
OpraH MosopoT
yTIP@BneHus VamepurensHas obbekTa
cucTema
1
.‘
5s+1
Pucynok 3
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17 YMEHBIIUTH OKHO A0 MUHUMAJIBHOTO pa3Mepa, MPU KOTOPOM
OyIyT BUIHBI BCE€ DJIIEMEHTHI, M CKONUPOBATh MOJIeTh B Oydep oOMeHa
(Edit=Copy Current View to Clipboard—=Metafile).

0 BcraBbTe B 0oTYeT 1O J1abopaTopHOU paboTe momy-
muem o
YEHHYIO CTPYKTYPHYIO CXEMYy MOJIEIH HUCCIETyeMOU CH-

CTEMBI YIIPaBIEHUS 00HEKTOM (CM. PUCYHOK 3).

18 YcranoButh Bpemsa wmoaenupoBanus 300 ¢ (Simulation=
Model Configuration Parameters; Start time: 0, Stop time: 300).

B oGmactu Solver BeiOepuTe BapHaTHBHBIN IIAr JUCKPETHU3AINN
Variable-step.

19 BBITOTHUTE MOJETUPOBAaHKE, ISl YeTO HakaTh KHONMKY Run
Ha maHeu * uau BeIOpaTh komanay Simulation=>Run).

20 Ha pucynkax 4, 5 npuBeaeHbI Pe3yabTaTbl MOAEIUPOBAHHUS, KO-
TOpPbIE MOKHO YBHUJIETh, OTKPBIB OKHa OJIOKOB Scope.

-

yrpaeeHue 06beKToM = B3| 3¢

20 awl@HdER B aH® 5

-1 | L i i I
0 RO 100 150 200 250 300

Time offset: 0

Pucynok 4

JI7Is TIOMHOTO OTOOPAKEHUsS KPUBBIX YCTAHOBUTH ONTHMAJIBHBIMN
Macmrad mo ocsM B OKHaxX OJIOKOB (KHOTIKA MEHIO £ 3] Autoscale).

CoxpaHuTh TEKyLIME HACTPOWKHU (KHOMKA MEHIO % Save cur-
rent axes settings).
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L il

B nosopot obbekTa = | [&] 2<
2o e i ONKEaEF% o

12 ; z ! 5 ;

i B0 100 160 200 2B 300
Time offset: 0

PucyHnok 5
I[Ipumevanue — B ciydae, €Cliv yCTaHOBIEHHOE BpPEMsI MOJEIUPO-
BaHMSI HEJJOCTATOYHO, YTOOBI IEPEXOAHBIN MPOLECC MOTHOCTHIO OTOOpa3HIICA
Ha rpaduKax, WIA OHO CIUIIKOM OOJIBIIOE, TO HEOOXOIUMO YCTAaHOBHUTH HO-
BOE BpEMS U IOBTOPUTH MPOLIECC MOAECIUPOBAHUS.

N3 rpaduka BHIHO, YTO MPU OTCYTCTBHUU BHEIIHETO BO3ICHCTBUS
npuMepHo yepe3 150 ¢ 00beKT moBepHeTCs Ha 3aaHHbIi yroa B 10°.

21 [lepenectu pe3yibTaThl MOJSIUPOBAHUS C 00OUX OJOKOB
Scope B pabouyto obmacte Matlab B Bune matpuil (Array), B KOTOPBIX
TIePBBINA CTOJOCIT — BpeMsI, a BTOPOH — CUTHAJ (YroJ IOBOPOTA).

JI1st 3TOro Ha OTKPBITOM MaHenu Oj0ka Scope HaXXMUTE KHOIKY

@ Parameters u Bei0epute Bkianaky History. /lanee yctaHoBure:
[~ Limit data paints
¥ Save data to waorkspace

Variable name: Uprav (s 610ka «YnpaBieHue oObEKTOM») U
Povorot (m1s 610ka «IloBopoT 00BekTa»), Format: Array (coxpane-
HUE JAHHBIX B BUJIC MaTPHUIIbI).

22 CoxpaHuTh MOJYYEHHYIO MOJENIb B CBOEH mamke (KoMaHaa
File=Save, ums daiina LabRab2, paciiupenue daiina .sIx).
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23 Ilepeittu B koMaHiHOe okHO Matlab u co3gaTh HOBOE€ OKHO Jist
rpaduka, B KOTOPOM OYIyT OCTPOEHBI ABE KPUBBIE HA PA3HBIX OCSX.

Command Window

fx >> figure(1);

24 Pa30uTh OKHO Ha JBE YaCTH MO BEPTHKAJIU W CACIATh aKTHUB-
HBIM TIEPBBINA TpaduK.

Command Window

f{ >> subplot(2,1,1)

IIepBoe umcino B koMmanzae subplot o3HadaeT KOIMYECTBO SUEEK
¢ TpadukaMu IO BEPTUKAIIN, BTOPOE — IO TOPU3OHTAJIH, TPETHE — HOMED
SAYEUKU, KOTOPYIO HAJIO CAEIaTh aKTUBHOM.

[Ipumeuanue — Ilpu BBOAE ATOM M CHEAYIOIIMX KOMAaHJ OKHO
c rpagukoM He mofABIsSeTcs Ha dKpaHe. UTOObl yBUAETh U3MEHEHHS, HAI0
BPYUYHYIO CIEJAaTh €ro aKTHUBHBIM, IIEJIKHYB MBIIIBIO Ha COOTBETCTBYIOLIEH
KHOIIKE B [TAHEJH 3a/1a4.

25 IlocTpouts rpaduk cUrHaga yIpaBieHUs] OObEKTOM.

Command Window

f-‘{ >> plot(Uprav(:,1l), Uprav(:,2));

B xomanzge plot cHauana yka3pIBalOT MAacCHB aOCIHCC, 3aTEM —
MAacCHUB OpJIMHAT; IBOETOUNE 03HAYAET, YTO UCTIOIB3YIOTCS BCE CTPOKH.
26 BBectu 3aronoBok rpaduka.

Command Window

f.‘{ >> title('Upravlenie')

2’7 BBecTtr Ha3BaHUsS OCEM KOOPJUHAT.

Command Window

>> xlabel('Time, s');
vlabel( "\phi, deg.");
Jx >>
[Ipumeuanue — Buyrpu amoctpodoB /st BBOJA Ipeueckux OyKB

paspemaercs ucnoas3oBaTh komanael LaTeX. Hanpumep, \phi o3nagaer rpe-
4eckyto OykBy @, \delta — OykBy 0.

28 AHaNOru4yHO MOCTPOUTH BO BTOPOM siueiike rpaduk U3MEHEHUs
yrja MoBOpoTa 0O0BEKTa, UCHOJb3Ysl JaHHbIE U3 MaccuBa Povorot, no-
Jy4E€HHOI'O B p€3yJIbTaTe MOJCIUPOBAHHUS.
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Command Window

>> subplot(2,1,2);
plot (Povorot(:,1), Povorot(: ,2));
title( 'Povorot ") ;
xlabel('Time, s7);
ylabel('\delta, deg.");

Jx>>

CxonupoBath TOJNYYeHHBIM Tpaduk B ¢opmupye-
MbIil otueT uepe3 Oydep oOmena (Edit=Copy Figure)
WJIA COXPAHUTh €r0 KaK PUCYHOK IS JaJbHEUIIEH BCTAB-

ku B oTueT (File=>Save as..., paciupenue .jpg).

[Ipumep rpadukoB curnanoB «YmpapieHue o0bekTom» U «IloBo-
poT 0o0BEKTa» MpPHUBEJEH Ha PHUCYHKE 6. JlJig mpuBEAEHHBIX TpaduKoB
ObLJIO BBITIOJIHEHO (hopmaTupoBaHue (100aBJICHBI JIMHUU CETKH, YBEIU-
YyeHa TOJIIMHA JIMHUM) C MOMOIIBI0O COOTBETCTBYIOIIETO OKHA CBOWMCTB
(View=Property Editor).

Upravienie
I
o
Lik]
L . A S e i
A 1 1 l l l
0 50 100 150 200 250 300
Time, s
Povorot
12 : : : : :
10 —---------------%--- Rt AR
8 L S -
o]
g e s _
)
. -
2 T 1 U S -
0 | | | | |
0 50 100 150 200 250 300
Time, s
Pucynoxk 6
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29 Jlanee mpoOBOAMUTCSA MCCIEIOBAHUE CHUCTEMbl YNPaBICHUS 00b-
€KTOM C BHEIIHUM BO3JEHCTBHEM 0€3 MU3MEHEHUS MapaMeTpoOB peryJs-
Topa. Jyist 3TOro B OKHE TmapameTpoB Ojoka BHeliHee Bo3aelicTBHe
B nosie Final value yctaHOBUTH BeIMUMHY CUTHAJA, paBHYIO 2 (4To Oy-
JIET COOTBETCTBOBATH YIJIy BHEIIHETrO BO3JCUCTBUSL 2°), U BBINOJIHUTH
MOJETUPOBAHUE.

30 ITocmoTpeth pe3ynbrarhl MoaenupoBanus. [Ipumep rpaduka
curHana «[IoBopoT oObeKTa» nMpuBeeH Ha pUCYHKE 7.

-

B nosopoT obbekTa = [=] 2%
B ||v i 0K DE 5 ~

3] . 1 i i 1
] B0 100 160 200 250 300

Time offset: 0

Pucynox 7

N3 rpaduka BUIHO, YTO MpU BHEIIHEM BO3JECHCTBUH U UCIOJIB30-
Banuu [1J[-perynsTopa 0ObEKT HE TOBEPHYJICA HA 3aAaHHBIN yroi B 10°.
31 Ilepetitu B koManaHoe okHO Matlab u 3anomHute pe3ynbTarhl
MOJICTUPOBAHUSI B HOBBIX MaccuBaxX. OHU MOHAI00STCS I TOTO, YTOOBI
CPaBHUTH UCXOJHBIN U CKOPPEKTUPOBAHHBIN BAPUAHTHI CUCTEMBI.
>> Upravl = Uprav;
Povorotl = Povorot;
Jx>>
32 YtoObl peryysiTop KOMIIEHCUPOBAJ IMOCTOSHHYH) COCTaBIISIO-
I[yI0 BO3MYILECHHUS HYXXHO J00aBUTh B HEro WHTErpajbHBIN KaHal.
JIns atoro B okHe mapametrpoB 0Oyioka PID Controller Beiopats Con-
troller: PID, Form: Ideal u yctanoBute 3HaueHue napamerpa | :

I1=1/T;=0,01.
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33 BBIMOMHATE MOJEIMPOBAHUE CHUCTEMBI YIPABICHHUS OOBEKTOM
C BHEIIHUM BO3JECHUCTBUMEM IpHu Hcnosib3oBanuu [ ]I-perynsitopa. [lo-
CMOTpPETh pe3ybTaThl MoaenupoBanus. [Ipumep rpaduka curnana «Ilo-
BOpPOT 00BbekTay cuctemsl ¢ [T /[-peryastopoM npuBeieH Ha pUCYHKE 8.

Bl nosopot ob6bexTa l == Hhr
ae|[de i ORK 06 F ¥

0 . I i i I
0 b 100 150 200 2b0 300

Time offset: 0

Pucynok 8

W3 rpaduka BUAHO, YTO PETYJIATOP C HHTETPAIbHBIM KaHAJIOM
CMOT KOMIIEHCHPOBATh MOCTOSIHHYIO COCTABJISIONLYIO0 BHELIIHETO BO3JACH-
CTBUA U 00BEKT mpuMepHO yepe3 230 ¢ MOBEpHYJICSA Ha 3aJlaHHBIA yroJ
B 10°.

34 CoxpaHUTh OKOHYATENBHYIO MOJEIb CHUCTEMBI YNIPABICHUS
O0OBEKTOM.

35 Ileperitu B komanaHoe okHO Matlab. Iloctpouts B BepxHeu
yacTu rpaduka KpUBbIE CUTHANIA YMPABICHUS MOBOPOTOM OOBEKTA CH-
crembl ¢ [IJI-perymsstopom u IIU]/I-perynaropoMm, a B HUKHEN 4YacTU
rpaduka KpUBbI€ IEPEXOAHBIX MPOLIECCOB yTila IOBOPOTA OOBEKTA.

[ns aToro B komaHjie plot ciaeayeT nepeyucianTh 4epes3 3arsiTyro
BCE Iapbl MacCHUBOB, MPHU 3TOM NEPBas Mapa JOJKHA COOTBETCTBOBATH
nepBoMy rpauky.

JInst pa3nuuusi KpUBBIX 1IE1€CO00PA3HO MCIIONIb30BATh PA3HbIN THUII
JIMHUM, 33]1aBa€MbIX C MOMOILBIO HEOOA3aTEIbHBIX CHMBOJIBHBIX MEpe-
MEHHBIX.
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Command Window

>>» subplot(2, 1, 1);

plot (Upravl(: ,1), Uprawvl(:,2), '-T,

Uprav(: , 1), Uprawv(:,2), "—--");

title( 'Upravlenie") ;

xlabel('Time, s'); vlabel('\phi, deqg.');

legend( "PD-Controller ', 'PID-Controller'):

subplot(2, 1, 2);

plot (Povorotl(: ,1), Powvorotl(:,2), '-7,

Povorot(: ,1), Powvorot(:,2), "--");

title( 'Povorot ") ;

xlabel('Time, s'); vlabel('\delta, deqg.');

legend( "PD-Controller ', 'PID-Controller'):
Jx>>

Tpu TOYKM B KOHIIE CTPOKH O3HAYalOT MEPEHOC KOMaHJbl Ha Clle-
nytonryro ctpoky. Komanaa legend cimy>XuT juist BBIBOJIA JIETEHBI — CUM-
BOJIBHBIX CTPOK, ONMKUCHIBAIOIINX KaXKbIM M3 TOCTPOSHHBIX IpadUKOB.

CxonupoBarb yepe3 Oydep oOMeHa MOIyYEHHBIH

rpaduk B oTdeT. [Ipumep rpaduka Moaenu ¢ ceMEeUCTBOM

KPUBBIX IPUBEJEH HA PUCYHKE 9.

Upravienie
8 : : : ) '
: : : : PD-Controller
_____ Nocbeceeeeedetd | == PID-Controller H

o .
z :
= H
= \,.. ............................... u
—
R
| i |
150 200 250 300
Time, s
Povorot
20 : T T T T
: — = PD-Controller
s O R PID-Controller
15—/ ------ T i S G
? T
/, ean
Dj f! ' E --""-'-1.
g 10 A L P S Uty S W e g g _ge_es_pe_vue_e_ge_we_vge_e_um
e :
5 S U VU
0 | i i i i
0 50 100 150 200 250 300
Time, s
Pucynok 9
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UHaMBHAYya/IbHOE 3aJaHUE

Hcnonw3ys ykazaHus, NIPUBEICHHBIE B M. 1-35, BBINOJHUTH MO-
NETMPOBAHUE JTMHEMHOM CUCTEMBI yrpaBieHus B nakere Simulink s
3HAYECHUH IapamMeTpoB OJIOKOB, BXOJSIIUX B MOJCNb, IPHUBEICHHBIX
B TaOyuIe 2 B 3aBUCUMOCTH OT HOMEpa BapHaHTA.

[IpuBenuTe B oT4eTE MO JabOpaTOpHOM padoTe:

— CTPYKTYPHYIO CXEMY HCCIEAYEMON JMHEWHOM CHCTEMBI YIIPAB-
JICHUS 00BEKTOM;

— mepeiaTouHble (DYHKIIMA OJIOKOB JaHHOW CHCTEMBI C TapaMeT-
paMu B COOTBETCTBUM C BAPUAHTOM;

— pPe3yabTaThl MOJCIUPOBAHUS M BBIBOJIBI IO paboTe.

KoHTpoOJ/IbHBIE BONTPOCKI

1. Ha3zoBuTe OCHOBHBIE 3TAIIbI CO3AAHUSI MOJEIIN.

2. Kak nmonp3oBatbcs Simulink Library Browser?

3. nsa gero npeanasHadeHbl 010k Transfer Fen, PID Control-
ler, Step, Sum, Scope?

4. Kakwue nactpoiiku umerorcs y OnokoB Transfer Fen, PID
Controller, Step, Sum, Scope?

5. Kak ckonupoBaTh U300pakeHHE MOJIeTTH B JOKyMeHT Microsoft
Word?

6. Kakuwe wnacTpoitku HyxxHO 3agaTh B OkHe Configuration
Parameters nepej 3amyckoM Moaenu?

7. Kak mepemaTh pe3yiabTaThl MOJACIHUPOBAHUA B padbouyio 00-
nacte Matlab? B kakom Buje oHU nepeaaroTcs?

8. Kakue mapameTpsl npuHUMaeT komasia subplot?

9. Kak 3anucsiBaercs komasa plot?

10. Kak mocTpouTh B OJJHOM OKHE JIBa pa3HbIX rpaduka’?

11. Kak Ha ogHOM rpaduke NoCTpOUTh HECKOJIBKO KPUBBIX ?

12. Yro Takoe nmerenna? Kak BeiBecTH JiereH1y Ha rpaduk?
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