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T4=
h=KU( 1 - T3(T3-T4)'exp(-T3) + T4/(T3-T4)"exp(-/T4) );

2.9. BBeCTi KOMAH/IbI, BBINOTHAIONIE NOCTPOHIE KPHBOii PactieTHolt
nepexoaHoii (K Ha rpagiKe, a TAICKE ONPEACIAIONIE MAKCHMATb-
HOE PaCXoKAeHIE (B NPONCHTAX OT YCTAHOBHBILIETOCA SHAYCHIS YIPAB-
5EMOli BETIMHHBI) MEK Ty PACHETHOI i IKCTIEPHMEHTABHO KPUBBIMH:

% PacxoXeH1e MeXly OKCNEPUMEHTAINBHO 1 PACHETHO

% KPUBLIMM B IPOLIEHTAX OT YCTAHOBUBLLETOCS 3HAUEHNS

delta = abs(h-y)/Y_st*100;

[delta_max, i] = max( delta ); % makcumanbHoe pacxoxaeHue

KpUBBIX

figure(1);

hold on;

% pacyeTHas nepexoaHas (yHKUNS CYLUMMBHOTO Wwkada

plot( t, h, 'r', 'LineWidth', 2 );

plot( (i ), 'ro', (i), h(i), 'ro");

Tine([t() t()]. [y(i) (i)}, ‘Color’, ", ‘LineWidth, 2, ‘LineStyle'

text(mean(t), mln([y(l) h(i)]), strcat(‘{\delta}_m_a_x =
',num2str(round(delta_max)),'%'
‘FontWeight', 'bold", 'Bad(groundCobr' ‘white'

2.10. Tlocie BBOZG KOMAMZ /Ul BHIIOHEHIS MPOTPAMMEI HAKATS
wnapiy F5. B pesyastate 1a rpagike 0TOOpasuTCs A0MOMHHTENsHO
KpUBAs PACHETHOI NEPEXOAHOH (yHKIMI BHOPAHHOrO 3BeHa, @ Takike
3HANEHIE MAKCHMATBHOO PACKOAICHIIA MEALY PACETHON 1 JKCTIEpH-
MEHTATBHOIi KpHBBIMH, KOTOPOE HEOGXOAIMO 3AMHCATS B OTHET.

111 Onpenenenie nepeaaTounoii GynKuMH cymLILROr0 mKaha
IyTem KoMNBIOTepHbIX pacteTon B Simulink

3.1 Jlna pemenns 3a1a4 HACHTHOUKAIIIN AHHAMIUCCKHX OTLEKTOR
& nporpamye MATLAB-Simulink npeanasatien cneunansisiii pasaen
— System Identification (Mxerrnduxauns cuctem). Jlna sanycka pase-
a System Identification neo6xomimo 8 MATLAB B okne BBOAa Ko-
mana Command Window B komanmoii ctpoke (cnipasa oT 3Haka >>)
nabpats cioso ident i nakars Bsoa. B pesysbrare Ha ykpane nosBuTCS
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okio rpaduueckoro mntepdeiica paszena System Identification, Bix
KOTOPOro noKasai Ha pic. 23.

32, VKasaTh HCXOAHBIC ARHHBIC /Ui BRNOMHEHHS WACHTH(UKALILIL
JLns 9TOFO B 71EBOM BEPXHEM Yy OKHA B PACKDHBAIOUIEMCS CITHCKES
Data (Jlannbie) BuiGpars Bapuant IMport. Do npuBeaeT K OTKPHITHIO
JIMATIOrOBOFO OKHA, MOKA3AHHOTO Ha piic. 24. BBECTH B Hew uws U B nonie
Input (Bxox), y — B mone Output (Beixon), 8 none Starting time (Ha-
uabHbIi MOMEHT Bpemenn) BBecn 0, a B one Samp. interv. (Mutepsan
JWMCKDETH3ALIMH) BBCCTH BLIGPANHOE NIPH MPOBSCHHH HKCTIEPHMEHTA
3Hauenye MHTepBana onpoca (5 ¢), B crpoxe Data Name (Mms nanmbix)
'yKa3saTh npou3BonbHOE HasBanue (Hanpumep, Lkad cyw.).

3.3. Haxars knonky Import. Jlanee naxarnem kuonku Close (3a-
KPBITb) 3aKDITh OKHO HMTIOPTA AHHEIX.

3.4. Vxasanmbie AHCTBIS IPUBEYT K MOSBICHIIO B BEPXHEM JICBOM
yray okia unTepelica 3HaUKa B BULC UBCTHON JHHIH, CONPOBOKAC-
Moro nanmicsio «lllkad cyury. IT0 03HAYAET, HTO MMIOPTHPYEMBIC
Janmbe BBeRCHb B cpety uiTepdeiica. COOBIEHNA 06 HTHX AAHHBIX
Takke noseisiores B 3naukax Working Data (PaGoune nannsie) n Vali-
dation Data (lannsie 418 nposepki Moze).
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Puc. 23. Bux okna rpadwseckoro nitepdeiica parena System Identification
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3.5. JUin HaxoeHis MepeAATONROI (yHKIIM OGBEKTA BHANAIC
HEOGXOMMO YKA3ATh BiL MaTEMaTINECKoli Mozem o0bexTa. Tak Kak
HASATBHBIMI QHHBIMI SBSIOTCS BXOAHOI CHIHAT U H BIXOAHON CHT-
HAT Y HCCIICAYEMOTO OGBEKTA, A TAKAKE PAMMGHBIC UIYMbI, BCETAA
IPHCYTCTBYIOLUE P IKCTEPHMEHTATBHEIX H3MEPEHIAX, TO BHOPATS
MOJETh THITA (@X0A-BIXO® (10-anrmiiickit «Output-Erron, T. €. «@bixoa-
ourGka», coxpameriio OE):
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Puc. 24. JIa0r080¢ OKHO HMTIOpTA AaHHbNX
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3.6. B oxue ident: Untitled mirepdeiica mienmuduxatm 5 packpsi-
satomenmes cmmcke Estimate (Ouermare) sopats sapuant Para-
metric models... (T. K. OUCHMBAIOTCA 3HAYCHNMS MAPAMETPOB MEPena-
TOuHOIH (yHKIM OGBEKTA), YTO MPUBEACT K MOSBJCHMIO MATOTOBOTO
OKHa, NOKA3AHHOTO Ha pHC. 25.

PR — i

i T |
Orders: T
Equation: AyBuse

Method: & aRX cw

Name: andd]

Foous: [Fediion =]
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Covarance Evinats =]

Order selection Order edi
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Pue. 25. JluanoroBoe OKHO 3a1aHIS MAPAMETPHHECKOH MOZEH

B anHOM OKHe BO BeIUIsIBaiomiem crricke Structure suiGpats mynkT
OE:[nb nf nk], cootseTcTByIOMMiT MOAE/H «BXOA-BBIXOI.

37. Jlanee HEOGXOMMMO 3a/1ATh NMOPAZIOK MOJENH: LETOMHCICHIbIE
3uauenns Nf, Nb n Nk, onpezensionme, COOTBETCTBEHHO, NOPSIOK TOIH-
HoMOB B(z) 1t F(2), a Takske HHTEBAT BPEMEHH MHCTOrO 3aMa3LIBaNHS.

38 Jlnx sananms 3HauCHHH, COOTBETCTBYIOUIMX ANCPHOMHIECKOMY
3seny 1-ro nopsaka: nf = 1, nb = 1 n nk = 1, naxars knonky Order
Editor (Penaxtop nopsika MOAC;H) B NOABHBIIEMC HATOTOBOM OK-
He BO BembiBalommx crickax Poles (Yucio nomocos nepeaatounoii
ynxmm), Zeros + 1 (Yucno myneii nepenatounoii dynxmm + 1)
u Delay (3anasabiBanue, BRIPaKCHHOE YHCIOM MHTEPBAJIOB AHCKPETH-
3aunn) BLIOPaTh, COOTBETCTBEHHO, 3nadenns Nf=1,nb=1unk =1,
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3.19. TocTpouts Ha rpadike pacueTHyio KDHBYIO NEpEXOHOil
(pyHKWHH, COOTBETCTBYIOWYIO AanHOii nepeaaTounoil dynxum. s
1010 B okHe komana Command Window B komarnoii cTpoke BBecTH
CACAyIOME KOMARIBE

/_id = sim(u, 0e121);
figure(1);
plot(t, y_id, 'g', 'LineWidth', 2);

3.20. Jlus maiinernofi MepeAATONROI (yHKWN ONPEACTITS, HeMy
PABHbI 3HAUCHIS MOCTOTHHBIX BPeMerit T, T AnepHOTIMECKOro 3BeHa
2-ro nopsaka. JL1s 9TOTO CHAYATA OMPEACTNT KOPHI 3HaMeHaTeNs
nepenarounoii pyniwni. B xomanoi ctpoke MATLAB saecri crie-
LYIOILUE KOMARIBL:

denominator = trfunc_oe121.den{1} % 3HameHaTens
r = roots(denominator) % KOpHU 3HameHaTens

CPaBHITS NOMYHEHHBIE HAYCHIS NOCTOSHHBIX BPEMEHI CO 3HAE-
st T, T, OpEXeeHHbIMI patiee 1o rpadiky.
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nocre wero naskats knonky Close (3akpuits). B pesynbTate B manoro-
Bom okne Parametric models... 8 none Orders (Ilopsaox mozenn)
nosBATCA TP ML, @ B Hone Name (MMs Mojierni) — 3a1aHHoe asTo-
matudeckn nvs 08111 Jns ouenku nepenatounoi ynKim oobeKTa
HeoGXoMMO Haars KHonky Estimate (OuennTs).

39. B pesymrate B ocHosHoM okie miTepdeiica ident: Untitied
Bero npasoit wacrn Model Views (Bux mosencii) nossues 3nauox
¢ namuesio 0111, O3HauAIONIIIL, ¥TO BHGPAHHAS MOJEH MOCTPOEHA.
Veranosus, graox Model Output (Bsixon Mozeim) n B nossusmemcs
OKHE GyJIyT NOMYHCHEI JBE KPHBLIC: KCTICPHMCHTATLHAN H PACCUHTaH-
HA% TEOPETHYCCKN /U1A BHIGPAHHOH MoAeH. B npasoii wacTi okwa mo-
Kasiactes crencns cosnancuns (Best fits) paccunrammoii kpusoit
rpadyua ¢ skcriepuMeHTATLHOM. 3Haucnue 100 % COOTBETCTBYET TOUHOMY
coBMAZEHIIO.

3.10. 3a1aTs Teneph B KAUCCTBE MO ANEPHOAMYECKOE 3BCHO 2-T0
nopsaxa. [lns storo B auanorosom okne Parametric models. .. naxars
xnonky Order Editor i B nosiBuBIEMEs AHATOTOBOM OKHE BO BCIUIbI-
Balomem cnucke Poles sanars snavenne nf = 2, sueiikn Zeros + 1
u Delay ocrasuts 6e3 nsmenenus: nb = 1, nk = 1; nocne uero nakars
xionky Close (3akpurts). B pesynsTate B ananorosom oxne Paramet-
ric models... 8 none Orders nossstcs 3uauenus 1, 2, 3, a B none
Name - 3anannoe aBromatiueckn nms mogenn 0e121. Jlanee caeayer
OUCHHTL, HOBYIO TICPEAATOURYIO (YHKLIIO O0LEKTA, Haas KHomnky ES-
timate (Ouernrs).

3.11. B pesymstate B ocHoBHoM okme mntepdeiica ident: Untitled
B npasoii yactn Model Views nossutcs 3ua40k nOCTPoeHHOH MoxeH
0121, a 5 oxne Model Output — eme ozma paccunTannas kpisas, co-
omBeTcTRYIOmas Mozeni 08121, 1 s nee Takke GyJeT ykasaia CTenes
COBNAICHIA C HKCTICPHMCHTATLHOH KPHBOTL.

3.12. Cpasmup 06a 3HAMCHHA, MOKHO CACTATH BHBOZ, 4TO Goce
TOUHOE COBMAZEHHE C IKCHEPHMEHTATEHEIMHA AHHBIMH 00CCTICUHBACT
MOJIET ANEPHOIHYECKOrO 3BEHA 2-T0 NOPAAKE.

3.13. MpeoGpasosats nonyuennyio mozens 0e121 8 nepenarounyio
(ymKumio. Jls 5TOr0 CKOMMPOBATH MOCTpOeHHYI0 Mozens 08121 i3
okua mHTepdeiica WICHTHHKALIM B PAGOtCE NPOCTPACTBO MEPeMCH-
moix MATLAB: B okue unrepdeiica ident: Untitled s npasoii uacti
Model Views nakars na swauxe momemi 0€121 nesoii knasnumeii
MbIlM B nepeTamuTh ero na 3uadox To Workspace (B paGouce
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NPOCTPICTBO), pacTonOkeHHbili B JTOM e OKie MO0 LeHTpy. B pe-
3ymbTate B ocHosHom okie MATLAB na siraaxe Workspace (Pagosce
TNPOCTPAHCTBO) MOABHTCS COOTBETCTBYIONIAs CTPOKA C YKA3AHHEM HMEHH
nepevennoii mozemn (0€121), ee pasmepa n Tina — idpoly object
(oBbexT Mozem).

Jlanas wieHTHOMKALMOHNAS MOJETS ABIACTCH MMCKDETHOM. ITO
CBAZANO C TeM, HTO, Kak GBUIO MOKA3AHO BHILLE, MPH MEPEAAIE CHIHATA
JaTHIKA TEMTIEpATYpH! Ha KoMmbioTep B m3veputene COCHA-003MJT
BHINOHSETCS €0 AHATIOrO-IMBPOBOE NPEOGPAIOBANIE, T. €. MPEGpa-
30BAHIE 3 AHATOTOBOI (HEMPEPLIBHOI) B WH(POBYIO (CKPETHYI0)
bopmy.

3.14. Tlostomy cHatiana HEOGXOMIMO BEIMOMHATS OGpaTHOE NpeoGpa-
30BAHME: JMCKPETHOI MOJEINH — B HEMPEPBIBHYIO C IOMOIIBIO yHKLUTI
MATLAB d2¢(), (digital-to-continuous). B xomarioii crpoxe MATLAB
BBECTH CEYIONLYIO KOMAIAY:

continuous_oe121 = d2c(oe121)

3.15. B pesynvrate s MATLAB Gyaer shimoneno npeoGpasosaie
JMCKPETHOI MOZNN B HENpEPBIBIYIO H OTOOpAeHa MH(OPMALIL
CHEAYIONEro BHAA:

Continuous-time IDPOLY model: y(t) = [B(s)/F(s)]u(t) + e(t)
B(s) = 1.367e-005 s + 9.172e-006

F(s) =s"2 +0.01272 s + 2.599e-005

Estimated using PEM from data set Likach cyw.

Loss function 0.192328 and FPE 0.193385

3.16. JTariee HEOGXO/MO MPEOGPA30OBATS HEMPEPHIBHYIO MOACIH B fie-
penarounyio ynkiumio. Jlns storo B okne komana Command Window
ocoBHOrO okia MATLAB B komanmoii cTpoke (cnpasa ot 3naxa >>)
BECCTH KOMaHAy

trfunc_oe121 = tf(continuous_oe121, 'measured')

3.18. dynxuns MATLAB tf() npeoGpasyet oGbext mozienm (tna id-
poly object) B nepenarounyio dysxuwmo (8 obbext Tina tf — transfer
function). B pesyssrare Gy et nosyueHo BHPaKeHHE VIS IEPEAATOMHON
(YHKLIH HCCIIGTYEMOTO 00BEKTA, KOTOPYIO CIICAYCT JAMHCaTH B OTHCT.
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