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JIABOPATOPHASI PABOTA Ne 9

Tema: Hcnonws3oBanue Bo3moxkHOocTedt MATLAB nis pemenus 3agad Teopuu
aBTOMATHUYCCKOTO yIPABIICHHUS.

1. HEJb PABOTHBI

[lenb paGoTHI - TOTYYECHNE HABBIKOB paOOTHI ¢ TakeToM mporpamm Control
System Toolbox cucremst MATLAB jans  pemenus 3agad  TeOpHUH
aBTOMATUYECKOTO PETyIUPOBAHHUS.

2. ACITIOJIb3OBAHUE MATLAB JJisd PEHIEHUSA 3AJAY TAY

2.1. Bo3mMo:kHOCTH maKeTa MPpUKJIaAHbIX porpamm Control System Toolbox.
OCHOBHBIE M0JIOKEHHS.

[Mpu peanuszarmu [T Control System Toolbox ucnons30BaHbI MPUHITKITEL
00BEKTHO-OPUEHTHPOBAHHOTO  MPOTrPaMMHUpPOBaHKs. BBemeH HOBBI  Kiacc
OOBEKTOB: JIMHEHHBIC CHCTEMbI C IOCTOSHHBbIMH mapamerpamu (linear time
invariant obyests, wau Iti o06vexmspr). DTOT KiIacc BKIIOYACT JUHEHHBIC
HETIPEPHIBHBIC WU TUCKPETHBIC, OJHOMEPHBIE C OJHUM BXOJOM M OJHHUM BBIXOJ0OM
CHCTEMBI © MHOTOMEPHBIE CO MHOTMMHU BXOJAaMU M MHOTHMH BBIXOIaMHU.

Iti — cucTema MoXKeT OBITH TPEACTABICHA TPEMS TTOAKIACCAMHU:

- YETBEpPKOM MaTpull — MpU ONMUCAHUU JTUHAMHYECKHUX CBOWCTB Yepe3
NIEPEMEHHBIE COCTOSIHHS;

- JByMSl BEKTOpPaMH, COCTaBICHHBIMU M3 KOX(D(OUIIMEHTOB YHCIUTENS U
3HAMEHATEJNs — MPU ONMMCAHUK JTUHAMUYECKUX CBOMCTB MepeaTOUHBIMU
bYyHKITUSAMH;

- JBYMS BEKTOPaMH, COCTABIICHHBIMHU W3 HYJIEH W TOJIOCOB MepeIaTOUHOM
GyHKIIMU ¥ YKCiia, paBHOTO 00001IeHHOMY KOA(DPUIIUEHTY TIepeayn.

[TockonbKy mpu HU3yYEeHUH Kypca «ABTOMATHKa» JJisi OMNHCAHUS
JTUHAMUYECKUX CBOMCTB JJIEMEHTOB U CHCTEM  MPUMEHSUINCHh TEpenaTodHbIe
GbyHKIIUU, TO B TalbHENIIIEM OYJIET onrcana paboTa UMEHHO C 3TUM TOKIACCOM.

B IIIIIT Control System Toolbox stot moakiaacc o6o3nauaetcs kax tf.

B03M0OKHOCTH TIaKeTa MO3BOJISIFOT: OMUCHIBATh AMHAMUYeCKHe cBoicTBa Iti
O00OBEKTOB B BHJIC MEpPEAATOYHBIX (YHKIMH; U3 HAOopa OOBEKTOB (HOPMHUPOBATH
CTPYKTYPHYIO  CXEMY; BBINIOJIHITH TMPEOOpa3oBaHUE CTPYKTYPHBIX  CXEM
(mocnemoBaTeNbHOE, TMapaJJICIbHOE COCAUHEHHE OJIOKOB, OXBAaT OOpaTHBIMH
CBSI35IMH); BBITIOJHATH MOCTPOSHUE TIEPEXOJAHBIX M UMITYJIbCHBIX XapaKTEPHUCTHK,
Jorapu(pMHUYECKUX aMIUIUTYIHBIX U (Da30BBIX YACTOTHBIX XapakTepucTHK, ADUX
st kputepus HalikBucrta; ¢opMupoBaTh MaTpUIBl  HAOIIOJAEMOCTH U
yOpaBISIEMOCTH; OCylecTBIATh cuHTe3 CAP meTomom kopHeBoro romorpada,
JaCTOTHBIX METOJIOB M METOJIOB ONTHMAJILHOTO YIpaBicHUS. MBI OCTaHOBUMCS
TOJIBKO Ha TE€X BO3MOXHOCTSAX TaKeTa, KOTOPHIE IO3BOJSIOT YIPOCTUTH
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HCCIICAOBAHUC CAPB paMKax Kypca «ABTOMATHKA» I10 HaIrpaBJICHHUIO IIOATOTOBKHA
CIICOHUaJInCTOB «AFpOI/IH}KCHepI/I}I».

2.2. ®opmuposanue Iti-moneneii B Bujge tf 00bexkTOB.
Onepanuu Haj Iti-moxeasiMu

B o0miem Buzie nepenatouHas (yHKIUS 3alMChIBACTCS TaK:

aOpn"‘a1pn_1+---"’an—lf:H"an |

Kak tf-o0bekt nepenatounas GyHKIUS 3a1a€TCS MHOTOYICHOM YUCITATEIIS
num u MHOrowieHoMm 3HameHarens den. B cucreme MATLAB wmuorounsens
MPEACTABIAIOTCA KaK BEKTOPBI-CTPOKHU, COCTaBJICHHBbIE U3 KOA(D(PUIIMEHTOB
MHOTOWIECHA B MOPSAAKE yOBIBaHUS CTEIIEHEN TEPEMEHHOM.

Ilpumep 1

3azlaHa rnepcaaToyHasn ¢)YHK]_II/IH 3BCHA.

3p°+0,5p+2
11p*+7p3+8p%+0,7p+5

W(p) =

Yro0Obr 3ammcath ee Kak  tf-00bexT, HEO0OXOAWMO  BBIITOJIHHMTH
MOCJIEI0BATEIbHOCTD JICHCTBUM:

>>num =[3, 0.5, 2];
>> den =[11, 7,8, 0.7, 5];
>>wp = tf (num, den)

AHajornyHas TpoIeaypa MOXKET OBITh BBIMOJHEHA U CICAYIONUM
obOpazom:

>>wp = tf ([3, 0.5, 2], [11, 7, 8, 0.7, 5])

3aoanue 1

3amarite B Buume tf - 00BekTOB mepemarouHble (YHKIUU CIICTYFOIIAX
3BCHBECB:

K
Wi (p) =K, =2; Wz(p):?z, K, =0.5;

K
W (p)=——5— Ky=6, TZ=11, T, =23
Top“+Typ+1
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B cucremax aBToOMaTukKu MOT'YT IIPUCYTCTBOBATb 3BCHbA C 3alla3/IbIBAHUCM,
JUHAMHYCCKUC CBOMCTBA KOTOPBIX OIIMCBIBAIOTCA HepenaTquOﬁ (I)YHKI_II/IGI\/i

W(p) = e P rpe1- BpEMsI 3aI1a3/bIBaHHMS.

B »stom ciywae mnepenaTtodHas (QYHKIUS 3alKHChIBAETCSI COBMECTHO C
nepeaaToyHon PpyHkIuen ycunurens ¢ kKo3QpGUIUEeHTOM YCUIICHUS, PaBHbIM 1, T.e.

W(p)=K*e P =1x¢” TP,

Ilpumep 2

3anath B Buje tf -o0bekTa nmepenaTouHyro (GyHKIIHIO 3BECHA!
W(p) = e_50|O :

DTO BBITIOJHACTCS CIIEAYIONIEH KOMaH/I0H:

>> wp = tf ([1], ‘td’, 50)

Jlns nepenaTouHol (GyHKIUH

W(p)= > et
05p +1

tf -00BeKT HOaYYHM CIIEAYIOMIUM 00pa3oM:

>> wp = tf ([3], [0.5, 1], “td’, 15)

3aoanue 2

3anath B Buje tf-o0bekTa cnenyromue nepeaaTouynbie GyHKINN:

W, (p) = = 2K3 e P K,=6, T2=1lc, T, =23¢, t=12c;
3 TZp°+T,p+1
W, (p) "4 K,=05 T.=7;
4IO_T5p+1’ 47T s
W (p) Ks K.=0.8
p)= : =0.8;
T T2pleT,prl 0

W, (p) =Kyp, K, =0.1.

[Taker Control System Toolbox umeer HabGop (yHKIHMH, MO3BOJISIOIINAX
BBITIOJIHATE OTNEPAlUH HaJ| MepeIaTOYHBIME (DYHKITUSAMHU, 3allucaHHbIME B Buze tf
o0BbeKTa. OTO (PYHKIMH, TO3BOJSIOUIME MOJIy4YaTh MEPEAaTOYHYI0 (DYHKIIHIO
NOCNEAOBATEAbHO M MApaJJIeIbHO  COCAMHEHHBIX  3BEHBEB,  BBITIOJIHATH
KOHKaTEHAI[MI0 3BEHBEB, IMIOJIy4aTh MEepeJaToyHyl0 (YHKIUIO 3BEHBEB C
0OpaTHBIMHU CBSI3SIMU.
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Ilocneooseamenvnoe coeounenue 36eHbes

— Wy(p) Ws(p) —— W,(p) = Wa(p) * Ws(p)

Y

PI/ICYHOK l- HOCJ’IeI[OBaTeJH)HOG COCANMHCHHNC 3BCHLCB

B MATLAB 3710 fielicTBUE BBIITOJIHAECTCSA aHATOTUYHO:
>> we = w4d*wbh

3aoanue 3

BeimonmHuTh mpeoOpa3oBaHUE IOCIICIOBATEILHO COCJAMHCHHBIX 3BCHBCB
W;s(p), Wa(p), Ws(p) u3 3amanus 2.

Hapafmeﬂbuoe coeOuHeHue 366Hbe6

Wa(p) —l

_ 4 W,(p) = Wa(p) + Wa(p)

Wi(p)

Pucynok 2 - [TapannenbHoe COeIMHEHUE 3BEHHEB

B MATLAB npouenypa BbIIOJHAETCS aHATIOTUYHO:
>>we =w2 + wl

3aoanue 4

Boinonauts npeodpa3oBaHue:

Wi (p) W;(p) —l

Wa(p)

Pucynok 3 - KoMOGuHMpoBaHHOE COeIMHEHNE

[lepenaTtounbie GyHKIMH B3SITh U3 3a7aHU 1.

Kouxkamenauus.

CymecTBylOT TOpHU3OHTalbHAasi M BEpTUKaIbHAs KOHKaTeHauuu. B
TEPMHUHAX MOJENEN BXOJa-BbIXOJA ATH JBE OMNEPALMU UMEIOT MUHTEPIIPETALMIO B
BUJIE CTPYKTYPHBIX CXEM:
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— Wi(p) —l » Wi(p) ——
—> W;(p) W(p) —
a 0

a — TOPU30HTAJIbHAS KOHKATCHAIWS,
0 — BepTUKAJIbHAsl KOHKATEHAIIUSI.
Pucynok 4 - Buabl KOHKaTeHaIuu

FOpI/ISOHTaJII)HaSI KOHKaTCHalls1 BBIIIOJIHACTCA C IIOMOIIBIO CJIGI[y}OHlCﬁ
MIPOLIEAYPHL:

>>we = [wl, w2]

BepTI/IKaJIBHaSI KOHKAaTCHAaIs COOTBCTCTBCHHO ITPH ITOMOIITU MOIIYJI}IHI/Iﬁi

>> we = [wl; w2]

3aoanue 5

5.1. BBIIOJHUTS TOPM3OHTAIBHYIO KOHKATCHAIMIO IS IePeaaTOYHbBIX
bynxrmit Wy (p) u Ws(p) u3 3aganus 2.

5.2. BBINONHUTE BEPTHKAIbHYI0 KOHKATCHALMIO JJIS IE€PEeIaTOYHBIX
byuxuuit W,(p) u Ws(p) u3 3ananus 2.

Coeounenue Iti - mooeneit oopamnoit céa3vio
Jlns peanu3anuu oOpaTHOU cBsA3M ucnonb3yeTcs Gynkius feedback.

Ilpumep 3

Ws(p) >

Wi(p)

Pucynok 5 - DneMeHT, 0XBau€HHBIN OTPUIIATEIHLHON 00paTHOM CBA3BIO

B makere Control System Takoe coeIWHEHHE peaTH3yeTCs CIeIyIoei
CTPOKOM:
>> we = feedback (w3, wl)

Ilo  ymonuanuro npeononazaemcs, umo KOHMYP
3aMbIKAemcs OMpPUUameabHoi o00pamuou cesa3vio. Jlns
ROJI0)CUMETbHOTL obpamHou ces3U HeoOxX00UuUMo
UCNONIb308AMb 0OpaleHuUe 8UA

>> we = feedback (w3, w4, +1)




3aoanue 6
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Haittn hKBUBaj€HTHEIE NnepcaaToOIYHbIC (1)YHKI_II/II/I CICAYIOMIUX CXCEM!:

_’®; Wy(p)
I— Wi (p)

a.

W3(p) >

0.

PucyHnok 6 - CTpykTypHbIE€ CXEMBI JIJIs 3aJaHUs 6

CJlloJ#CeHuUe

ooIacmsix.

Jlis ti-ob6wexmos
CUSHANO8 PA3PEUEeHO 02PAHUYEHHOE KOIUYEeCB80 ONepayuil.

Jlonycmumbl cnedyouiue onepauuu:

- 20PU3OHMANLHASL KOHKAMEHAYUSL,
00beKmos
3ana3obl8aAHUIMU NO 8X00AM,
ymuoocenue Itl oovexmos;
npeobpazosanue
OUCKDEMHYIO,
8ce onepayuu aHaIu3d 60 8PEMeHHOl U YACMOMHOU

Iti

C  3aNA30bIBAHUEM  BXOOHbLIX

C

HenpepvieHOU

OOUHAKOBBLIMU

yacmu 6

ITocmpoenue Iti moodenu na ocnose cmpykmypHoit cxemot

C mnomowbBK TNPUBEAEHHBIX
npeoOpa3oBaHUe CTPYKTYPHBIX CXEM U B OOJBIIMHCTBE CIYy4aeB MOKHO MOJYYUTh

BBIIIIC

(GYyHKUMIA ~ MOYXKHO

nepenarounyo pynkuuio CAP. [Tokaxkem 3T0 Ha nmpuMmepe.

3aoanue 7

[Tomyuuts nepenarounyto Gynkiuto CAP (pucynox 7):

—>

Ws(p)

Wi(p)

A\ 4

Wa(p)

A 4

Ws(p)

Wu(p)

A

Pucynok 7 - CtpykrypHas cxema CAP nns 3amanus 7

BBITTOJIHATDH
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2 0,5
W =2, W,(p)=—; W,(p)=—";
. (p) (p) ) (p) Ip+1
2
W =011 W, = )
(P) =107

Jli1st monydeHus nepeaaTouHol GyHKIHMH 110 YIPABJISIIOIIEMY BO3ACHCTBUIO
BBITIOJIHUM MPe0oOpa30BaHMUS:

Wi1(p) = Wi(p) * Wa(p) * Wa(p).

>>wel =wl*w2 *w3

W
1+ W, (p)* W, (p)

W, (p)

>>wuv = feedback (wel, w4)

Jnsg  mosydeHMs  NepeaaToyHoO  QYHKUMM 1O  BO3MYILAIOMIEMY
BO3/ICHCTBHIO HEOOXOAMMO BBIIOJIHUTD CIEAYIOIINE TPEOOPA30OBAHMS:

Wos(p) = Wi(p) * Wa(p) * W3(p) * Wa(p).

>>we2 =wl *w2 *w3 * w4

_ W(p)
W, (p) = 1TW._(p)

>> wwvv = feedback (w5, we2)

Ecnu  BBIMOMHUTH TNPUBENCHHYIO IOCJIENOBATEILHOCTh KOMAaHA IS
3BEHBEB, B UMCJIE KOTOPHIX €CTh 3BEHO C 3ama3/bIBaHUEM, TO CHUCTEMa BBIJIACT
COOOIIeHHEe, YTO Takas ormnepanus (oXBaT OOpaTHON CBS3bIO) HEBO3MOXKHA.
[TosTomy moctpoenue Iti - Moaeneit Ha OCHOBE CTPYKTYPHBIX CXEM, COICPIKAIIUX
TpaHCIEHACHTHBIC 3BE€HBS, OCYIIECTBIISIETCS C UCIIOJIb30BaHUEM (YHKIIUN
connect u append.

Dopmamul ynkyuii

sys = append (sysl, sys2, ..., sysN)
ysc = connect (sys, Q, inputs, outputs)

Oynkius append odobeauHseT BXOAbI M BbIXobI Iti - Moaenei Sysl, sys2,
..., SYSN u popmupyer 00beTMHEHHYIO MOJICITD.

Ilpumep 4

J1J1s1 TIOC/IeI0BATEIBHOTO COCTUHEHHS 3BEHBEB:

0,5 2P
W (p) =3; Wz(p)=2—; W;(p)=————; W,(p)=05.
p+1

3p2 +2p+1
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ITocne npencraBiieHUs UX B BUIE tf-momeneit, xomanga OyJeT BBITJISAICTh
Tak:
>> we = append (w3, wl, w2, w4)

Tpancuyenoenmmuoe 36eHo (6 oannom ciyiae W3) 00IHCHO
VKA3b18aAMbCsl REPBBIM NO OMHOULEHUIO KO 8X00) CUCIEMbL

®ynkus connect gopmupyer Iti-mozens B mpocTpaHCTBE COCTOSHHIA C
Y4E€TOM COETMHEHHI OJIOKOB.

Bxomnsie apryments Q, inputs, outputs uMeroT ciemyronue 3HaYCHS:

Q — mpencraBisieT co00W MaTPHILy, B KOTOPOM OMUCHIBAIOTCS CBSA3H MEXKITY
0JIOKaMU CHUCTEMBI SYS.

Kaxxast crpoka MaTpHIBI COOTBETCTBYET OAHOMY BXO1y cUcTeMBI. [IepBbIit
AJIIEMEHT CTPOKM — HOMEpP BXOJ1a, IOCJIEAYIOIIME 3JIEMEHTHI YKa3bIBalOT HOMEpa
0710KkOB (Kak OHM 3a/1aHbl (hyHKIMeH append ams cuctemsl SYS), BBIXOABI KOTOPBIX
NOJAKIIYEHbI K JaHHOMY BXxody. OTpHLATENbHbIE 3JIEMEHTHl O3HAYaroT
CYMMMPOBAHHE CO 3HAKOM MHHYC.

INpUts — BeKTOp, yKa3bIBAIOIINI HOMepa BX0JI0B cucTeMbl. Homep Bxoma —
HOMeED 0JI0Ka, Ha BXOJ KOTOPOTO MOJAI0T BHEIIHUNA CUTHAI.

outputs — BekTOp, YyKa3bIBaIOIIMK HOMEpa BBIXOJIOB cucTeMbl. Homep
BBIX0/Ia — HOMep OJI0Ka, Ha BBIXO/E KOTOPOTO HEOOXOIUMO MOJTYYUTh MEPEXOTHYIO
(GyHKLHIO.

Bxoooe u ewixooos cucmemvr Mmoorcem Obimb
HECKOJIbKO, NOIMOMY APSYMEHMbl NpeoCcmasieHvl 8 8uoe
8eKmopd.

Tax ona eounou CAP mooicno 00HOBpemeHHO
NONY4YUmMsb nepeoamoynvle QYHKYUU no ynpaeisnouemy u
BO3MYUAIOULEMY BO30EUICINBUSIM.

3aoanue 8

3agaauM MOCIEA0BaTEILHOCTh COEAUHEHUS OJIOKOB B CTPYKTYPHOU cXeme
CAP 1o cxeme u3 3aganud 7.

>>0Q=[1,-4;2,1;3,2;4,3];

3HaK MHUHYC B TIEPBOM CTPOKE MaTpHIIBI O3HAYaeT, 4TO Ha BXOA Oyoka 1
nepeacTCs OTPUIIATEIbHBINA CUTHAJ C BBIXOAA OIoKa 4.

B 3aganHOl cTpykType He ykazaHo mnoakiatodeHue Omoxka W5(p), T.e.
HAXOJMM TOJIBKO MEPeaTOUHYI0 (PYHKIIMIO 110 KaHaTy yIpaBICHUS.

>> inp=[1]; - nogaya 3agaroriero BO3JACHCTBUA (BXO/I) OCYIIECTBIISIETCSA Ha
BX0J Oyioka 1.

>> out=[3]; - mepexoaHy KPUBYIO MOKHO IOJIyUYUTh Ha BbIX0Ie OJI0Ka 3.
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>> wuz=connect (we, Q, inp, out)

B pesynabrate mnonyuum nepepatounyto ¢yHkuuio CAP no kanaiy
YIPABJICHHUS.

Cpagnume ee c 6u0om nepedamounou Gyukyuu \WUVv.

UtoObl MOJMYyYuTh TMEpPEAaTOYHYI0 (GYHKUIHUIO 1O  BO3MYIIAIOIIEMY
BO3JIEUCTBUIO, JOOABWIM YCUIUTEIh B KadecTBe OJIoOKa, B KOTOPOM OyayT

CYMMHUPOBATHCA CHUI'HAJIbI KaHaJia YIIPaABJICHUA nu KaHaJia BO3MYIICHUA:
We (p) = K6= 1

>>we=tf([1]);

Ilpumep 5
Jlana cxema (pucyHok 8):
— Ws(p)
5
Wi(p) > Wi(p) > Wa(p) — We(D)
T 2 3 6
Wa(p) |«

4

Pucynox 8 - CtpykrypHas cxema Jijisi mpumepa 5

Chopmupyem 00bETUHEHHYIO MOJEIb:
>> OB=append (w3, wl, w2, w4, w5, w6); - W3 ¢ 3ama3apiBaHHEM.
1 2 3 4 5 6 - OJIOKHCXEMBI

3amamuM cxemy COeAMHEHHUsI OJIOKOB W HOMeEpa OJIOKOB BXOJa M BBIXOJA
CAP:

>> SX=[1,-4,0;2,1,0;3,2,0;6,3,5;4,6,0];

B onucanuu cxemvl Homepa 010K08 (Homepa 6x0008 U
8bIX0008) COOMBEMCMBYIOM  NOPAOKOBOMY HOMEPY 8
Qyuxyuu append. brok, 3anucaumviii nepeévim, UMeem
Homep 6xo0a u evixooa —1.

B onucanuu cxemvi 60 MmHO2UX CcmpOKax nocieoHell
uugpoit cmoum 0. Imo coenano 0na mozo, 4moobwvl pamep
CMPOK Oblll 00UHAKO8 OJls 8cell Mampuyvl, m.K. K 010Ky 6
(W6) nooknrouenst 06a bnoka: 3-1i u 5—ii.

3a1a1iM BXOJ1 ¥ BBIXOJ] CUCTEMBI:
>> in2=[5];
>> out2=[6];
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[Tonyunm nepenatounyro PyHKIHIO IO BO3MYIIAIOIIEMY BO3ICUCTBHUIO:
>>\WVZ=connect(OB,SX,in2,0ut?2)

llepedamounas  ¢yukyus  no  o3mywauemy
8030€lCMBUI0 He COOEPIHCUN 36eHA C 3aNaA30bl6AHUECM.

CrnedosamenvHo, ecau 6 Kanane ynpaeieHus
HAX00UMCca mMpancueHoeHmHuoe 38eHo, @yHkyus connect
He no360asaem NoJyuyumv Maxkyr nepeoamouHyro (yHKYUuo
CAP no eo3myuiarougemy 6030eiicmeuio.

3.3AJIAHMA J1JIS1 CAMOCTOSITEJIbHOM PABOTHI

3.1. [MomyuuTs nepenaTouHyro (GyHKIIHIO pa30MKHYTOM 1 3aMKkHyTO CAP.

Wu(p)
— Wi(p) Wi(p) — ——>
I— W, (p)
Ws(p)

Pucynox 9- Ctpykrypnas cxema CAP mst 3aganus 3.1.

apuaHT
1 2 3 4 5 6
Wi(p) | 2 1 0.5 1 0,5p 2
p 5p+1 p°+3p+1 2p°+p
Wa(p) | 1 1 3 2p 2 5
p 2p°+p+1 p
Ws(p) | _3 1 2 __ 3 8 0,5p
2p+1 p p 7p*+0,1p+1
W4(p) 2 3 1 0,3 3
3p+1 4p+p P 0,1p*+0,01p+1 p
W;5(p) 3 0,2 01 0,07 3 1
2p°+4p+1 4p+1 2p°+1
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3.2. TlonyuuTh mnepenaTtouyHyro (QYHKIHIO MO YNpPaBISIOIMIEMY U
BO3MYUIAIOLIEMY BO3JEHCTBUIO.

W, (p) — Ws(p)

A 4

W, (p) % Wa(p)

Ws(p)

W,(p)

A

Pucynok 10 - CtpykrypHas cxema CAP nns 3ananus 3.2
Wi(p) =01, We(p) =0,1p;

3 .
3p%+0,1p+1’

W;(p) = %i W, (p) =

Ws(p) =

; Ws(p) =0,5.
3p%+0,1p+1 o(P)

3.3. [omyuuTs nepenaTouHyro QYHKIIHIO 0 KaHaTy yIpaBICHHUS:

% W;(p) | Ws(p) Wa(p) +—o—>

Ws(p)

Pucynok 11 - CtpykrypHas cxema A 3aaanus 3.3

01 0,05 _ 0.1
Wi(p) =5; W, (p)=—=; Wi(p)=—5——¢ "; Wip)=———.
p 3 p+1 2p+1
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4. COAEP)KAHHUE OTYETA

OTuyeT J0JDKEH CoJepKaTh:

4.1. ®opmatsl QyHKIUH MO TPEOOPA30BAHUIO CTPYKTYPHBIX CXEM.
4.3. TlomydeHHbIe NepeIaTOUYHbIE XapaKTEPUCTHKH.
4.2. Pe3ynbTarhl BBINOJIHEHUS 3aJaHUI 711 CAMOCTOSTETTLHOM PabOTHI.

5. KOHTPOJIBHBIE BOITPOCHI

5.1. Kakumu mojakiaccaMd MOTYT OBITh TIPEJCTaBJICHBI JMHEWHBIC CHCTEMBI C
OCTOSTHHBIMU TTapaMeTpamu B rmakere Control System Toolbox?

5.2. Kakoii moakiacc lti cucrem o603Hauaercs kak tf o0bex?

5.3. Onumure mnpoueAypy HpeICTaBICHUS MepeaaToyHoi ¢yHkiuu kak tf-
0oOBEKTA.

5.4. Kakum 06pa3om 3a7aeTcs 3B€HO C 3ara3/ibIBAaHUEM?

5.5. Vxaxute HazHauenue ¢pynkiuu feedback.

5.6. Kakwue cymecTByIOT Ha Onepainy 3B€HbEB C 3ama3bIBaHueM ?

5.7. C nomomplo Kakux (GyHKUHUA MOYKHO OMHCATh CUCTEMY, UMEIOUIYIO 3BEHO C
3ara3abIBaHueM ?

5.8. Onummre HazHayeHue GyHKIIMU CONNeECt.

5.9. Onumwure Ha3zHaueHue GyHKIH append.

5.10.KakoBbl OCOOCHHOCTH yKa3aHWs TPAHCIICHISCHTHOTO 3BEHA TPH OIMUCAHUH
CHCTEMBI C TIOMOIIBI0 pyHKIMK append.

5.11.Kak mnonyyuTh MnepeaaTouyHyr0 (QYHKIMIO CHCTEMBbl IO BO3MYIIAIOLIEMY
BO3/ICHCTBHIO, MJTU B KaHAJIC YIIPABIICHUS HMEETCS 3BCHO C 3ama3/[bIBaHHEeM?
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JIABOPATOPHAS PABOTA Ne 10

Tema: AHamu3 CHCTEM aBTOMAaTHYECKOT'O PETYIMPOBAHMSI C HCIIOIh30BaHUEM
Bo3MoxHocten MATLAB

1. HEJb PABOTHBI

Lens paboThl - uzyuenue pynkuuii cucrembl MATLAB, mo3Bossromnux
aHanu3upoBaTb CAP

2. OCHOBHBIE ®YHKIIUU AHAJIM3A CAP.
ONPEJEJEHUE JUHAMUYECKUX NAPAMETPOB Iti-MOJEJEN

[Taxer Control System Toolbox comepxwur psim GyHKINH, KOTOPBIE TO3BO-
JSIOT OMPEACNATh JUHAMUYECKUE IMapaMeTpbl CUCTEM aBTOMATHUKHU: BBIYUCIISATH
MOJIIOCHI M HYJIM; ONPEACNISITh COOCTBEHHYIO YaCTOTy U K03 duieHT aemmdupo-
BaHUS; BBIUYUCIATH KOG PUIIMEHT Nepeiauu; MPOU3BOAUTE COPTUPOBKY MOJIFOCOB U
HyJIe CUCTEMbI B MOPSIKE YOBIBAaHUS; CTPOUTHh YAaCTOTHBIE XapaKTEPUCTUKU; MO-
Jy4aTh NEPEXOHBIC U UMITYJIbCHBIE XapaKTEPUCTHUKHU.

B nanno# nmaGopaTopHO# MpeacTaBieHbl (PYHKIIMHU, TTO3BOJISIIONIUE ONpeie-
JSTh AMHAMUYECKHE TTapaMeTphl, U3ydaeMble B Mpejeiax Kypca « ABTOMaTHKa.

2.1. Pacuer ko3¢ duumenTa nepegadu

@ynxyuss K = degain (Sys) Beuucisger koddduiueHT nepenaun K s
Iti-momenu sys. C ucmonb30BaHUEM JaHHON (PYHKIMU MOXET OBITh OnpeseiicH
CTaTH3M CHUCTEMBbI, CTaTUUYECKasl OIIMOKA, BEJIMUMHA 33JaI0IEeTO BO3/ICUCTBUSI.

3aoanue 1

CrpykrypHas cxema CAP npencTaBieHa Ha pucyHke 1.

0,
— Wy(p)
U, AU U, Q O,
Wi (p) > Wa(p) > Ws(p) —>
U 0
Ws(p) |«

Pucynok 1 - Ctpykrypnas cxema CAP

[lepenarounsie pyHkiuu 3seHbeB CAP:

Wi(p) = ki =7,
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k
Wz(p)=_|_ i_llk2=0'3s T2=251
2
k
W3 (p)=—— 3 , kg=11, T2 =111, T,=75;
T3p +T4p+1
K
W, (p) = —— 4 , ka=2, 0,=-40, 0, = 20;
T3p +T4p+1

W5(p) = k5 = 0.05.

Heooxooumo:

- ONPEJETUTh CTAaTU3M CUCTEMBI 110 BO3MYIIAIOIIEMY BO3/ICHCTBUIO;
- ONPEJETUTh CTATUYECKYIO OIIMOKY IO BO3MYIIAIOIIEMY BO3/ICHCTBHIO;
- onpeneauTsh Benuuuny U,,.

Pewenue:

3amanuM nepeaaToyHble (PYHKIIMU 3JIEMEHTOB:

>> f1 = tf ([7]);

>> 2= tf ([0.3], [25,1]);
>>f3 = tf([11], [111, 75, 1]);
>> f4 = tf ([2], [111, 75, 1]);
>> {5 = tf ([0.05]);

Haiinem nepenarounsie ¢pynkiuu CAP no ynpasnstomemy WU u Bo3my-
maromemy WV Bo3aeicTBHSIM:

>> WU = 1 * 2 * £3 /(1 + 1 * £2 * f3 * 5).
>> WV = 4 /(1 + f1 * 2 * £3 * f5).

OnpenenuMm CTaTU3M CHUCTEMBI IO BO3MYILAIOIIEMY BO3/IEUCTBUIO:
>> kv = dcgain (WV).

CraTuueckast onmMOKa ONpeesIUTCS KakK:

>> D = kv * -40.

Koaddunment nepenaunt CAP no kanany ynpaBieHus:

>> ku = dcgain (WU)

OnpenenuMm BETUUYUHY 3a/1al0IIET0 BO3AEHCTBHUSA:

>> UO = 20/ku
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2.2. ITocTpoeHre 4YacCTOTHBIX XAPAKTEPUCTHK

2.2.1. JlorapupmMuyecKkre YaCTOTHbIE XaPpAKTEPUCTUKH

JIozapm]vuuuecxue YaCTOTHBIC XAPAKTCPUCTUKU IIPUMCHAIOTCA IIPU aHa-
JIN3€ TaKUX CBOMCTB CHCTCM, KaK 3al1ac YCTOI>'I‘{HBOCTH I10 (1)8,36 U aMIININTyAC, KO-
3(1)(1)I/IHI/ICHT nepcaadur, mMupuruHa IMOJOCHI ITPOITYCKAaHUA, PCaKIUA CUCTCMbI HA BO3-
MYIICHHUC. HOFapH(i)MI/ILIeCKI/Ie YAaCTOTHBIC XAPAKTCPUCTUKH HA3BIBAIOT CIIC OHUaA-
rpaMmMamMun BO,ZIG, IMIO3TOMY KOMaHIbI U q)YHKHHH, HCIIOJIB3YCMBIC UL UX ITOCTPOC-
HUA, HOCAT aHAJIOTHMYHOC Ha3BaAHHUC.

Dopmam Komanowl

bode (sys)
bode (sys,w)

Komanma bode(sys) crpout Ha skpaHe IpadHKH JTOrapru(pMHUUCSCKHX Ya-
CTOTHBIX XapakTepucTuk s lti-moneneit Sys. JlnanazoH 4acToT OonpeeseTcs aB-
TOMAaTHYCCKH.

Komanma bode(sys,w) crout norapudmuueckue 4acTOTHBIC XapaKTepH-
CTHKH B 33/IaHHOM JIMara30He 4acTOT. DTOT JUara3oH J0JDKEH ObITh 3a/1aH MacCH-
BOM staeeK W = (Wmin, Wax)-

3aoanue 2

HOCTpOI/ITB JIOFapI/I(i)MI/I‘-IeCKI/Ie YAaCTOTHBIC XaPAKTCPUCTHUKHU I HCIIPC-
prBHOﬁ |ti-MOIICJ'II/I C OJHHUM BXOAOM N OAHHUM BBIXOOOM.

>> h = tf ([5, 2, 0.5], [7, 11, 5, 1, 0])
>> bode (h).

Bode Diagratm
40 T T T T T T T T T T T T T T T T T T

20

=20

Magnitude [dB)

-40

-B0
-80

=
[}

Phase (deq)

180
107

Freguency (radisec)

Pucynox 2 - Pe3ynsTaT moctpoeHus Jorapu)MUIecKux XapaKTepUCTUK
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2.2.2. YacTOTHBIE XapPAKTEPUCTHUKHU

®dyukuus freqresp(sys,wW) paccyuThiBaeT 4acTOTHBIE XapakTepucTuku Iti-
MOJICNIA SYS JUIS YacTOT, OIMpPEACIIEMBIX BEKTOPOM W (4acTOThl ). YacTOTsI
JIOJDKHBI OBITH 3a/1aHbI B PaIHaHax B CEKYHIY.

3aoanue 3

Paccunrarh 4acTOTHYIO XapakTepucTuky i lti-Momenu ¢ mepegarodHoi
¢yHknuel p Ha yacrorax « = [0: 0.1: 5]:

>>p =tf ([3], [0.5, 1, 1]);

>>w =[0:0.1:5];

>> h = fregresp (p, w);

Nmest 3HaYeHUsT 4aCTOTHI (), TOJYYECHHBIE BEJIWYWHBI JACHCTBUTEIIBHON U
MHHMOM YaCTH, I0CTATOYHO JIETKO MOCTpouTh ADUX.

2.1.1. IlocTpoenue rogorpada HaiikBucra

B uccnenoannun CAP 1oCcTaTOYHO 4acTO MCIHOIB3YETCS YACTOTHBIN KpH-
tepuil HalikBucra.

['pynna xomaHa U GyHKIKKA NYQUISt O3BOJISET pacCUYUTaTh U MOCTPOUTH
rogorpad HaitkBucra Takum oOpa3om, 4TOOBI OIIEHUTh €r0 PACIIOIOKEHHE OTHO-
cutenbHo Touk| (-1, jO).

Dopmam Komanowl

nyquist (sys)
nyquist (sys,w)
nyquist (sys1, sys2, ..., sysN)

Komanma nyquist (Sys) ctpout Ha skpane rpaduk rogorpada Haiiksucra
I MoJiend SYS. /luara3oH 4acToT ONpeesaeTCsl aBTOMATHYCCKH.

Komanga nyquist (Sys,w) crpout rogorpad HaiikBucra B 3a7aHHOM Jua-
Ma30He 4acTOT. DTOT JUara30H JOJDKCH OBITh 3a1aH BEKTOPOM W.

Komanga nyquist (sysl, sys2, ..., SySN) mo3BosiseT mocTpouTh rogorpad
HaiikBucra mis Heckonbkux lti-momeneit Ha ogHOM rpaduke.

3aoanue 4

Insa CAP, cTpykrypHas cxema KOTOpOMl NMpUBEAEHA HA PUCYHKE 1, muccie-
JI0BaTh YCTOMYMBOCTH 110 KpuTeputo HalikBucra.

Haiinem nepenarounyro ¢pyHkiuoo pasoMkHyToit CAP:
>>wraz = f1 * f2 * f 3* 5;
[Toctpoum rogorpad HalikBucra:

>> nyquist (wraz)
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Mryouist Disgram

Imaginary Axis

| I | |
-1 05 ] s 1
Feal Axig

PucyHnok 3 - Pe3ynbrat BeIoSHEHHS KOMaHIbl Nyquist (wraz)

BepxHnsig yacth rpadguka nocTpoeHa rnpu u3MeHEHUH ® OT -co 110 0; HIKHSS
— npu u3MeHeHuu ® ot 0 110 .

Hcrnonb3yst BO3SMOKHOCTH peJaKTOpa CBOMCTB TpaUKOB, MOKHO OCTABUTH
TOJBKO TpeOyemMyro 4acTh Ipadrka, U3MEHUTh I'PAHHUIIBI OTOOpaKEHUS PUCYHKA,
OTpEeJaKTUPOBATh HAJIMUCH OCeH, 0003HAUUTh KOHKPETHBIE TOUYKH, MO KOTOPHIM
MOCTPOEH rogorpad, ¢ OTpaXKEHUEM YaCTOTHI, JCHCTBUTCIHHON M MHUMOM YacTH
(pucyHoK 4):

ADYX
*@(W)
01T ! ! ! ! ! ! !
) - 5 i 5 : i i [
; ; ; ; ; ; System: wraz R(W)
H ; ; ; ‘ ‘ Real 1.16 :
04 : Y : H : : H Imag: 0 [ ;|
: System: T : : : Freq (radizec) 0
Real: -0.126 i
02 e Imag: 025 : : : : :
H Freq (racisec), 00383 : : : : :
3 aal-d ; ; : Systerm: wraz
pand : H H H H H H Real: 1.11
£ ; : Imagg -0.258
g 0.4 : i : : : System: wraz H Freq (radfsec): 0.00231
E -0 ; : Syst.em. NYFRET : : Real 0.948 ; —
Real.. 0.00246 Imag: -0.5073 ;
; ; Imag: -0.523 Freg (radisec): 0.00505 :
05 fendeeneeneeeeeeec i Freg (radizec): 0.0224 ; /_ ;
06 f :
-0 i -q._-__ System: wraz
System: wraz | | Real: 0.653
02 il Feeal: 0.396 7.4 06 Imag: 0673 1 12
Imag; -0.709 Fred (radfzec) 000347

Real Axi
Freq (radfzec) 0.0125 Al Al

Pucynok 4 - [Ipumep odpopmienus rogorpada Haliksucra
C MCIOJIb30BaHUEM BO3MOKHOCTEW peAaKkTOpa CBOMCTB rpa)uKoB



122

C ucnojap30BaHUEM KOMaHAbI NYQUISt TOCTAaTOYHO MPOCTO periaeTcs HUc-
cienoBanue CAP c 3ama3nniBaHuEM.

3aoanue 5

JloGaBum B kaHan ynpasieHuss CAP, nzoOpaxeHHOW Ha pUCYHKe 1, 3BeHO
“100
sanasaeiBanus: We(p) =€ .

Torna mnepenarounas Qyskiusi pazomknytoit CAP ¢ 3ama3gsiBaHuemM
OIIPCACINTCA KaK:

>> f6 = tf ([1], ‘td’, 100);

>>wrazz =wraz * 6

[Toctpoum Ha omHOM rpaduke rogorpad Haitkeucra mist CAP ¢ 3ama3si-
BaHHMEM M 0€3 3ama3/IbIBaHu.

>> nyquist (wraz, wrazz)

[Tocne ynanenust BepxHero rpaguka u u3MeHeHus rpanul rpagpuka AOYUYX
npeaensHoit CAP (t = 0) u CAP c 3anaznpiBaHueM OyayT UMETh CIAETYIOUIUNA BUJL;:
(pucyHOK 5):

A D YX  System wrazz
Real: -0.00403

System: wrazz JQw Imag: 0397
. Real: -0.454 Freq (radizec): 0.0291

04| Imag; 0.259
Freq (radizec) 00212
System: wrazz

0z /.

= Real: 0.252
/ ) Imag: 0.0146
o rannl R(w)

Freq (radfzec). 0.0412

System: wrazz N
Real: -0.111
(111 IO SR Imag: 0.00475

T aystem wrazz Fred (radizec). 0.0695
Real: -0.666

Imag: -0.192

Freq (radizec) 0.016 \ /
-0E \ ) System: wrazz
Real: 0.99
-
: \ * Imag: -0.549

08 System wrazz Freq (racdisec): 0.00255

Real: -0.457

Imag: -0.712 System: wrazz
Freq (radésec) 0.0115 - g Real: 0.694

System: wrazz Imag: -0.838

Real: 0.0449 Freq (radizec): 0.00446
Imag: -0.972 H

) Freg (radfzec). 000793 i

-1 -0.5 o 0s 1

Imaginary Axis

Real Axis

Pucynok 5 - Pesynbratel nocrpoenus rogorpada HaitkBucra s
npenenbHoit CAP u CAP ¢ 3ana3apiBanueM

2.2.4. IlocTpoeHue nepexoaHoil pyHKUMU, MOIeTMPOBAHNE NPH
NMPOU3BOJILHBIX BXOJIHBIX BO31eHCTBUAX

IHocTpoenue nepexoaHbIX PyHKIUI

Jlnst moctpoenus nepexonnort Gpynkiuu CAP npu enmuHMYHOM CTymneHYa-
TOM BO3JCHCTBUM W HYJEBBIX HAYaAJIBHBIX YCJIOBUSX HCHOJB3YKOT KOMAaHAbI U
bynkuu Step.
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Dopmam KOMaHOwvl

step (sys)
step (sys, t)
step (sysl, sys2, ..., sys N)

Komanma step (Sys) crtpout rpaduk nepexogHoin ¢byHkiuu s Iti-monenu
SyS. Mojienb MOXeT OBbITh HENPEPHIBHOM U JUCKPETHOM, OJHOMEPHON M MHOTO-
MepHOH. /[T MHOTOMEpHOH MOAenu CTpOHWTCS HAOOp MepexXOmHbIX (DyHKIUN 1O
KKIOMY KaHaJIy BXOAa-BbIxoja. [IpomomKUTETsHOCTh MOJCTUPOBAHUS OIpEIe-
JISIETCSI aBTOMATHUYECKU TaK, YTOOBI OTOOPAa3UTh OCHOBHBIE OCOOCHHOCTH MEPEXO0/-
HBIX TIPOIIECCOB.

Komanpma step (Sys, t) mo3BosisieT SBHO yKa3aTh MPOOJKUTEIBHOCTh MO-
JCIAPOBaHMs B BHJIe MOMeHTa okoHdanus t = Tfinal B cekyHmax win B BUIE Bek-
topa t = 0:dt:Tfinal. /Inst HenpepwiBHBIX Mozeneit 3HaueHne dt 10KHO OBITH J0-
CTATOYHO MaJIbIM, YTOOBI y4ecTh HamOoJiee OBICTPhIE M3MEHEHUS IMEPEXOJHOTO
nporiecca.

Komanma step (sysl, sys2, ..., Sys N) mo3BoisieT Ha 0JHOM TpaduKe I0-
CTPOUTH IEPEXOAHbIC PYHKIMH JUTI HeCKOIbKUX |ti-mMonemneii.

3aoanue 6

[Toctpoum mnepexonubie dynkuuu a1 CAP (pucynok 1) mo kanamy
YIIPaBJIEHUS U BO3MYIIAOIIEMY BO3ACHCTBUIO:
>> step (wu, wv)

PesynbraT nocTpoeHus npuBeIEH Ha PUCYHKE 0.

Step Response

Ampltude

Time [=ec)

Pucynok 6 - [lepexoansie xapakrepuctuku CAP no kaHany ynpaBieHuUs U
110 BO3MYILIEHHUIO

Bocnonb30BaBIIMCh KOHTEKCTHBIM MEHIO (ILIETKHYTh TPaBO KHOMKOMN
MBI Ha U300pakeHUH rpaduKOB), MOKHO MOJIYYUTh MOKA3aTEIN KauyecTBa Ie-
pexoaHoTO mporiecca. Tak, cienaB akTHBHBIM B KOHTEKCTHOM MeHro nojie Charac-
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teristics u oTMeTuB B BbINaaaroieM MeHIo nojie Peak Response (maxcumym nepe-
X00H020 npouyecca) u Setting Time (epems nepexoonozo npouecca) (pucyHox 7),
MOJTyYrM Ha MEePEXOAHON XapaKTePUCTUKE MaKCUMAIIbHOE 3HAUEHNE BBIXOTHOM
BEJIMYMHBI U BPEMSI pEryTHpPOBAHUSI.

Step Response

System: wu
Seftling Time: 162 .

-t s
System: wu
Peak amplitude: 11
Crvershoot (%) 2.3
At time: 145

%; Systems »
= 6 . . —
E v Peak Response
v Settiing Time Grid
Rize Time Zoam L4
4 - Steady State X -1
- - Froperties. ..
!
System: vy l
- B Peak amplitude: 0.975 | i
System: wey

At time: 95.7 Seftling Time: 150
! A
|

|
|
!
Owershoot (%) 5.01 |
|
|
|

] | !I . L
uli} 15

Time (zec)

=]

200 230

Pucynok 7 - Onpenenenune nokasareied Ka4ecTsa MepexoaHoro mpouecca

Ilpumeuanue. Bpems peryaupoBaHHs ONPENEIACTCS MO MONAJAHUIO BBI-
XOJIHOHM BEJIMYHHBI B «TPYOKY» 2% OTHOCHUTEIBHO OT YCTAHOBUBLIETOCS 3HAUYCHHUS.

UToObl M3MEHUTH BEJIMYMHY 3TOr0 MHTEpBajia (Hanpumep Ha 5%) HeoOXxo-
JUMO B KOHTEKCTHOM MEHIO LIEJIKHYTh JIEBOW KHOIKOM MbIIIM Ha onuuu Proper-
ties...; B mosBuBIIEMCsI OKHE penakTopa Property Editor: Step Response caenath
akTBHBIM MeHI0 Characteristics u B mosie Show setting time within ycranoButsb
TpedyemMyro BelnunHy % (pucyHoOK §).

______________________ |
<) Property Editor: Step Response o ] A |

Characteristics |

Labele | Limts | Units | Style

—Response Characteristics

I Show pesk response

I [e

I~ Show rise time from IT lo |30 %
I~ Show steady state

Amplitude

Pucynok 8 - IaMeHeHne HacTpoeK JJ1sl ONPEACICHUS TOKA3aTeNel KauecTBa
MoaenupoBaHue Npyu NPOU3BOJIbLHBIX BXOIHBIX BO3/1€HCTBHAX
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Ipu wWccaeToBaHUK CHCTEM yIIpaBiIeHUs ObIBa€T HEOOXOIMMO 3HATH IIEpe-
XOMHYIO XapaKTEPHCTUKY IPH MPOH3BOIBLHO H3MEHSIOIIMXCS BXOIHBIX BO3ZEii-
crBusx. Jlns otux neneit B makere Control System ucmone3yror koMaHabl U GyHK-
uu £sim.

Dopmam KOMaHoOwvl

£sim (sys, u, t)
fsim (sys1, sys2, ..., sysN, u, t)

Komanma £sim (sys, u, t) ctpout rpaduku nporeccoB ais Iti-moaeneit sys
IIPH BXOIHBIX BO3JCHCTBHAX, 3aJaHHBIX BekTopamu t, U. Bektop t = 0:dt:Tfinal
3aJlaeT MHTEpBal MojeiupoBaHus. U JUIi MHOTOBXOJOBOW CHUCTEMBI SIBIISETCS
MaTPUIICH, JJI OJJHOBXOJIOBOM — BEKTOPOM, B KOTOPOM 3aJIaeTCsl 3HAYCHHUE BXO/I-
HOT'O CHTHayia B MOMeHT Bpemenu t(i).

Komanga £sim (sysl, sys2, ..., SysN, u, t) mo3BojseT Ha OAHOM TpaduKe
IIOCTPOHUTH MPOLECCHI IS HECKOIBKUX Iti-Momese mpu oqHUX U TeX K€ 3HAYCHU-
X BEKTOPOB t, U.

3aoanue 7

Bosmymiaromee Bo31eiCTBHE B Te€UEHHE 15 CEKyH KKy CEKYHy MPH-
HUMaeT cienyromue 3Hauenus [0, 2, 5, 7, 11, 3, 0, -5, 7, 12, 12, 8, 10, 12, 12]
OTIPENICIIUTh PEAKIIMI0 CUCTEMBbl Ha BO3MYIIAIOIIEe BO3JACHCTBHE, €CIIM €€ Iepeia-
TOYHasl (PYHKIHS 10 BO3MYIIICHUIO UMEET BHU/I;

_ 2p+1
4p°+2p*+3p+1°

BB

>>wwv = tf([2, 1], [4, 2, 3, 1]);

>>t =[0:14];

>>u=[0,25,7 11,3,0,-5,7, 12,12, 8, 10, 12, 12];
>> Isim (wwv, U, t)

Pe3ynbTarhl MOCTPOCHUS MPUBEICHBI HA PUCYHKE 9.

N3 rpaduka BUIHO, YTO MOJEIUPOBAHKE MEPEXOAHOTO MPOIIecca BBIMOJI-
HEHO TOJIbKO JJIi MHTEPBAJIA BPEMEHU, B TEUECHUE KOTOPOrO 3aJaHO MU3MEHEHUE
BO3MYIIAIOIEro BO3/eHcTBHS. Ecin ecTh HEOOXOIMMOCTh B MOTYyYECHUU TIEPEXO/-
HOM XapaKTEPUCTUKH JUTsI OOJBINETO MHTEPBaja BPEMEHH, KOTJA YK€ BO3MYIIA-
I011I€€ BO3JCHCTBHUE HE U3MEHSETCS, TO HEOOXOAUMO YBEIUYUTh pa3Mep BekTopa t
U B BEKTOp U J00aBUTh COOTBETCTBYIOIIEE KOJIMYECTBO MOCTOSIHHBIX 3HAYEHUU
BO3MYIIIAIOUIETO BO3/ICUCTBUS.
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MEREexDiHSA XARAKTERHTTHES MM MIMEHADWEMCA BOSMY L, BO3AEHCTEMM

23 T T T T T T
. . . . .

Amplitude

Time (zec)

PI/ICYHOK - KpI/IBaH IMCPCXOJHOIO ITponeccca IMpru N3MCHAIOIICMCA
BO3MYIIAIOIICM BO3JCHCTBUH

s monydenust 0osiee MJIaBHOM XapaKTEPUCTUKH MOYKHO MPOU3BECTH all-
MPOKCUMAITMIO BEKTOpOB U W 1, MOJy4YHB MOJMHOM, OIHMCHIBAIOIINNA 3aBUCH-
mocth U=f(t).

AHnanu3 nuHamuyeckux cBorcTB CAP ymo0HO MpOBOAUTH C MCHOJIB30Ba-
HueMm cpeacta npocmorpa LTI-Viewer. KpaTtko ero Bo3MOKHOCTH H3JI0KEHBI B
[Ipunoxenuu 1 xk mabopaTopHoit paboTe.

3.3AJJAHUSA 1JIs1 CAMOCTOSITEJBHON PABOThI

3anana CAP, cTtpykTypHas cxema KOTOpOH IpuBeaeHa Ha pucyHke 10:

T,
— W5(p) ——
UO AU U2 g eB T
Wi(p) | W2(p) > Wi(p) o Wa(p) —> .
U, T
Ws(p) |«

Pucynok 10 - CtpykrypHas cxema CAP

Ky

 ky=05, T3;=T7;
T+l 3

Wi(p) = ky =3; wz(p)=%f; W, (p) =

Ky
T2p2+ Tep+1

W, (p) = C ky=12, T2 =12, Ts=26;



k
W5 (p) = > > , ks =3;
T4p +T5p+1
W,()= ¢, ke=0.7, Te=6. T,=20, T=120.
Tsp+1
Onpeneaurn:

3.1. CtaTusM #u CTaTUYECKYIO OITMOKY CHCTEMBI TT0 BO3MYIIICHHIO.
3.2. Bemnuuny U,.

3.2.

3.4.
3.5.
3.6.

[TocTpouTts EpEXOAHYIO XapaKTEPUCTUKY IO KaHATY YIPABJICHHUS U 10 KaHA-
JIy BO3MYLIEHUS.

[ToctpouTts rogorpad HailikBucra.

[TocTpouTh NEPEXOIHYIO KPUBYIO, €CIIM BO3MYyLIarollee Bo3aencTeue = 20.
[TocTpouTts IEpEXOAHYIO KPUBYIO, €CIIM BO3MYILAIOLIEE BO3ACHCTBUE MEHS-
eTcs 1Mo 3aKoHy Sin (2t).

4. COAEPKAHUE OTYETA

Otuer JOJDKCH COACPIKATh:

4.1.

4.2.

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

5.8.

5.9.

dopmaTel U Ha3HAYEHUE HM3ydaeMbIX B JabopaTopHOl pabore (yHKIMHA U
KOMaH/I.
WcxonHble TaHHbBIE U PE3YyJIbTaThl BHIMOTHEHUS 3a/IaHUM.

5. KOHTPOJIBHBIE BOITPOCHI

[IpuBenute dopmaTr GyHKIHMH, UCTIOIB3YEMOM ISl BBIUMCIEHUS KO3(PPun-
€HTa Iepelayn.

Kak MOXHO onmpelneiauTh CTaTHYECKYI0 OLUIMOKY CHCTEMBI C UCIIOJIb30BAaHHEM
bynkouit MATLAB?

[TpuBeaute popmaT QyHKIUHU, MTO3BOJSIONICH TOCTPOUTH JOTapU(PMUUECKHE
YaCTOTHBIE XapAKTEPUCTUKH.

C noMoIpio Kakoi (pyHKIIMH MOKHO IIOCTPOUTH YACTOTHYIO XapaKTEPUCTUKY
CAP?

Kakum oOpa3om Ha OAHON KOOPAMHATHOM IMJIOCKOCTU MOKHO MOCTPOUTH I'O-
norpad Hatiksucra mis npeaensHoit CAP u CAP ¢ 3ana3znpiBanuem?
[TpuBeauTe Gopmat GyHKIMHU, MO3BOJIAIONICH MOCTPOUTH NEPEXOAHYIO (DYHK-
uuto snemenTa uinm CAP.

Kakum obOpazoMm mno mmerommmcs rpadukaM MepexogHbIX (YHKIMI MOXKHO
ONPENEIUTh BPEMs pEeryJIupoBaHus?

Kakum 00pa3zoM MOKHO peryanupoBaTh HHTEPBAJ 3a/laHHBIX 3HAUYEHUIN BBIXO/I-
HOM BEJIMYMHBI Ha TpadUKe MEPEXOTHON XapaKTePUCTUKH?

C nomoltpio Kakoi (QyHKIMU MOXKET ObITh MOJyUYeHa MEPEeX0oIHasl XapaKTepH-
CTHKA [TPU U3MEHSFOLIUXCS] BXOJHBIX BO3JIEHCTBUIX?

5.10.Kakum 06pa3om 3a7aeTcsi M3MEHSIOIIEECs] BXOIHOE BO3/CHCTBIE B (DYHKIIMH

Isim?
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ITPUJIOKEHHUE 1

Kpartkoe onucanme LTI-Viewer
Paccmotpum Bo3mosknoct LT1-Viewer Ha npumepe.

[lycTts nana nepenatounas pynkus CAP:

_ 5.07°P
5,5p° +2p +3

W(p)

Beenewm ee B padoueii ob6mactu MATLAB B Bune Iti-cucrem:

>> W= tf ([5], [5.5, 2, 3], 'td’, 2);

Jlnst BBI30Ba cpeactBa mpocmoTpa LTI-Viewer BBenem komaugy
>> [tiview

Ha skpane nosiButcs mycroe okHo uHtepdeiica LTI-Viewer (pucynok I11)

| <) LTI Viewer [_ O] x]
Fil
|

e Edit ‘window Help

Use the Import itern under the File menu ta load an LTI spstem.

Pucynoxk I11 - I'paduueckuii uarepderic LTI-Viewer mocie ero Be3oBa

UrtoO6s! BeimoaHUTE aHanm3 CAP, HeoOxomuMo u3 padoueit cpenst MATLAB
NPOM3BECTH 3arpy3ky Iti-oobekra B padouyto cpeny LTI-Viewer. s sToro B Me-
Hi0 LTI HeoOxoaumo BeImoaHUTE KoMaH bl File—Import (pucynok I12).

B pesynbrarte Oyaer otkpeito okHO LTI Browser, B kotopom OyayT BUIHBI
Iti-o0BekThI, pacmonoxkeHHsie B padodem mpoctpanctee MATLAB. B nanHoMm
ciydae — 370 nepefarouynas pynkmus W. Heo6xoaumo ycTaHOBUTH Ha HEE Kypcop
Y IEJIKHYTh JIEBOM KHONKOM MbIiU (prucyHok [13).
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<) LTI Viewer HI=] E3
File Edit “indow Help

Mew Wiewer Chil+M |

E=port....

Toolbox Preferences...

Page Setup...
Erint... Chl+P
Frint to Figure
Cloze Chrl+ta

Uze the Import item under the File menu to load an LT1 spstem. |

Pucynoxk I12 - MmrocTtpartus BeinoHeHUs KoMaH sl File—Import

File Edit ‘wWindow Help

<} LTI Browser E

Select the systems to import

Mame Size Class

Ok Cancel Help | Apply |

Select the systems ta impart... ‘

Pucynoxk I13 - TlosicHenue nporieypbl pa3MeIieHus: B padoueit cpefe
LTI pansbIX

[Tocne naxatus kuonku OK unTepdetica B okne LTI ctpoutcs rpaduk me-
pexoauoit pynkiuu CAP (pucynok I14).



LTI Viewer S [=] F3
File Edit ‘#indow Help

Step Responze
A T T T T T T

Amplitude

Time [zec)

1 walid system impaorted. ‘

Pucynoxk 14 - I'padux nepexoanoi pynkuuu CAP

BbI3BaB KOHTEKCTHOE MEHIO, MOXHO yKa3aTh, KaKyl0 XapaKTEPUCTHKY CH-
CTEMBbI HEOOXOMMO MOCTPOUTH (pUcyHOK [15):

7

File  Edit 'indow Help

Step Responze

25 T T T T T T
2 L
15 F
= ™ .
= Plat Type Step
E. Systems 3 Impulze
ik L L Bode i
1 Characteriztics
. Bode Mag.
Grid .
- , Mypquizt
oo Michals
Lo Froperties... Sigma N
Pole/Zem
D 1 1 1 1 1 1
u] o 10 = 20 25 a0 35
Time (=ec)

Drata marker deleted. ‘

Pucynoxk II5 - Mcionp30BaHME KOHTEKCTHOTO MEHIO ISl IOCTPOCHUS
Pa3IUYHBIX TpauKoB

Ecnu HEeoOxoMMO OIHOBPEMEHHO B OJAHOM OKHE HMHTep(eiica moCTpoUTh
Pa3JINYHBIC KPHUBBIC, TO H€O6XOJII/IMO BBIIIOJIHUTE CICAYIOMIKME KOMAaHAbI B MCHIO
unteppeiica: Edit— Plot Configurations... (pucynok I16):
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B= E3

2 LTI Viewer
File | Edit “Window Help

Flot Configurations. ..

Sustems 3

Step Response
T T

Line Styles. ..
“Wiewer Preferences...

Amplitude:

Time [sec)

| Right-click on the plot areas for more ophions. |

Pucynox I16 - BeiObop koHpurypaium noctpoeHus rpaduxkon

[Tocne sroro mosiisiercst okHo Plot Configurations, B KOTopoM MOKHO BbI-
OpaTh LIECTh TUNOB pa3MelleHus rpadukoB B okHe uHTepdeiica LTI. Beioepem
6-i BapuanT (pucynok I17):

Filz Edit “Window Help

Step Response

25 I T T T T T T
<} Plot Configurations MmiE E
Select a response plot configuration FEEEE |
[ “ (o .
; ] 1 T Jstep =L
2 2 Iimpulse ;I H
2 3
3 Ibode Vl
o © ~ 4 |bode ma ~ Il
g 0.
HENEE S
50 | npquist il
BRRN il
E: |richols ~
Ok | Cancel I Help I Apply I
1] a 10 15 20 25 a0 55
Time [=ec)

| Change the number and type of response plots shown in thiz LTI Wiewer.

Pucynoxk I17 - unmocTpatiust BeIOopa pasmenieHus rpadukoB

[lenxknyB Ha kHomke OK wmHTepdeiica, momydnm Bce xKemaemble Tpaduku
OJIHOBpEMEHHO (pucyHOK [18):



J LTI Viewer
File Edit ‘window Help

Step Response

Amplitude
Amplitude

a 20
Time (sec)

Bode Magnitude Diagram
50

107" 10° 10’
Freguency (radisec)

Magnitude (dB}
o
Imaginary Lxis
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Impulze Response

o 20

Time (sec)

Ryguist Disgram

sl )
Real Axis

Magnitude (dB)

Phase (deg)

Cpen-Loop Gain (dB]

720
1440

S[=]E3

Bode Diagram

D—_’_‘\\_\

10 10° 10!
Freguency (radisec)

Michols Chart

20

[a}
=20
-40
-E0
-0
-14431080-720 -360 0

Cpen-Loop Phase (ded)

‘ Right-click an the plat areas for more options.

Pucynox I18 - OnHOBpeMEHHOE pa3MelIeHHe pa3InyHbIX rpadukoB B okHe LT

LTI-Viewer uMmeeT BO3MOKHOCTh PEIaKTUPOBAThH IpaUKu, ONPEACISATH MO-
kazarenu kadectBa CAP 1o meToauke, aHAJOTMYHOM H3JIOKEHHONW B OCHOBHOM

TEKCTe J1a00paToOpHOM pabOTHI.



