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Annomayus. B nponecce )XU3HEHHOTO IUKJIA TEXHOJIOTHYECKHE OOBEKTHI MOTYT OBITh IIO/BEPKEHBI
Pa3IMYHBIM U3MEHCHMSIM, BOSHUKAIOIINM H3-32 OCOOCHHOCTEH TEXHOJOrHYecKuX mporeccos. K Takum n3-
MCHEHHSM MOXKHO OTHECTH, HalpuMep o0pa3oBaHHe HAKWIIM B arperarax. B pesynpraTe mMaremaTrHueckoe
onucanue 00beKTa, MOJTYYCHHOE Ha MPEABIIYIINX CTaIUIX KH3HEHHOTO LKA, MOKET HE COOTBETCTBOBATh
TEKYIIEMY COCTOSIHHIO 00bEKTa aBTOMaTn3auu. Takue CHCTEMbl Ha3bIBaloT podacTHEIMU. Ile1bio padoTsl
SIBIISIETCSI OTpesieieHre pyHKIMH IS aHaIu3a M OIMCAHMs 110JIOTPEBaTellsl BRICOKOTO JABJIECHHS CPENICTBA-
mu cucteMbl MATLAB ¢ npumenennem 6ubnuoteku Robust Toolbox. MaTtepuaJibl M MeTOAbI. MIcXOIHBI-
MU JaHHBIMH paOoThI ABISANACH MepefaTodHas (GYHKIHSA MOJOTpeBaTells M0 KaHay Pacxoja, MOIydeHHas
AKCIIEPUMEHTAIBHBIM 00pazoM. K 3ToMy 00BEKTY OBLT CHHTE3MPOBAH PETYJATOP M MPEICTABICHO OMHCa-
HUE CUCTEeMBI U mepexoanbiii mporecc B MATLAB. Crneayromum 3TanoM paGoThl ObUT CHHTE3 HEolpee-
JICHHBIX IIAPaMETPOB C MOMOIIBI0 QYHKINHU ureal. B pe3ynprare 00bEKT MOIYy4NI HE KOHKPETHBIC 3HAYEHHUS
IIapaMeTpoB, a MHTEPBAJ AJs KKAOTO U3 MapaMeTpoB 00beKTa. B pesynbrare ObuT mosrydeH oOBEKT ¢ He-
OTIpeieTICHHBIMH IIapaMeTpaMu U rpa)uKH ero NepexoaHbIX mpoueccoB. Ha criemyroniem stare ObUIH BBI-
JIeNieHbl HOMUHAJIbHBIE MTapaMeTphl 0OBEKTa W IMPOBEPKA YCTOWYMBOCTH CHCTeMBl. CHCTEMa ¢ HOMUHAJb-
HBIMH TTapaMETPaMH YCTOWYHBA, TIO3TOMY MOKHO BBITIOJIHUTD aHAJIM3 CHCTEMBI C HEONIPEIeJICHHBIMHY T1apa-
MeTpamu. [ 3TOTO BBINOJHEH pacdeT poOacTHOH ycToiumBocTH. PacueT poOacTHOW yCTOWYMBOCTH BHI-
monHeH cpeactBamu MATLAB ¢ npumenenneM QyHKimn robuststab. B pesynbrare paboThl GyHKIHSA TO-
3BOJISIET OMPEACTHUTH Psii 3HAUEHHUH JJIs OLIEHKHM CHCTEMBI M KOMOMHALIMIO €€ MapaMeTpoB, MPU KOTOPOil
paccMaTtpuBaeMasi CHCTeMa CTaHOBHTCS HeycToWunBoi. Ha ciemyromem sTame ucciefnoBaHus ObLIN OIpe-
JIeJIeHBl HauXyALINe apaMeTpsl CUCTEMbI U3 BEIOpaHHOTO Habopa, MOJTydYeHHBIE 3HAUYCHHSI OTIMYA0TCA OT
rapameTpoB poOACTHOW HEYCTOMYMBOCTH CUCTEMBI. B pesyibrare MoydeHsl nepeaTouHbie GYHKIMN CHC-
TEMBI ¢ HOMUHAJIBHBIMHU apaMeTpaMy, HAUXYIIIUMH ITapaMeTpaMu U HEYCTONYUBON CHCTEMBI, TOCTPOCHBI
nepenarounbie GyHKIuU. Pe3yabrarsl. C NOMOIIBIO HHCTPYMEHTA aHal3a POOACTHBIX CUCTEM BBITIOJHE-
HO HcCleoBaHne 00BEKTa, ONPE/ICIICHbI INaNa30Hbl IapaMeTPOB, IIPH KOTOPBIX CHCTEMa Oy/IET 0CTaBaThCs
YCTOWYUBO.

Knrouegvie cnosa: HeonpeeneHHas cucTeMa, podacTHOE yIpaBiieHHe, HEONpeeJICHHBIE TapaMeTpBl,
poOacTHBIE METOIbI, AHATIN3 YCTOHYNBOCTH, HOMHUHAJIbHBIE TIAPAMETPHI

s yumuposanusn: bunsdensn H.B., Bapiamosa C.A., 3axapos B.B. Co3manue ¥ TeCTHPOBaHHUE
Mozenei HeonpezeneHHbIx cucteM // Bectauk OYpI'Y. Cepusi «KoMIIbIOTepHBIE TEXHOJIOTHH, yIpaBiic-
HHe, panuodieKTpoHukay. 2022. T. 22, Ne 2. C. 67-75. DOI: 10.14529/ctcr220206

© bunegensa H.B., Bapnamosa C.A., 3axapos B.B., 2022

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 67
2022.T. 22, Ne 2. C. 67-75



YnpaBrneHue B TeXHUUYECKUX CUCTEMAX
Control in technical systems

Original article
DOI: 10.14529/ctcr220206

CREATING AND TESTING MODELS OF UNCERTAINTY SYSTEMS

N.V. Bil'fel'd", bilfeld@mail.ru
S.A. Varlamova’, varlamovasa@mail.ru
V.V. Zakharov?, metkol@yandex.ru

" Perm National Research Polytechnic University, Berezniki Branch, Berezniki, Russia
2 South Ural State University, Chelyabinsk, Russia

Abstract. Technological objects can be subject to various changes in the life cycle process, arising
from the peculiarities of technological processes. Such changes include, for example, the formation of scale
in the aggregates. As a result, the mathematical description of the object obtained at the previous stages of
the life cycle may not correspond to the current state of the automation object. Such systems are called ro-
bust. The aim of the work is to define functions for the analysis and description of a high-pressure heater
using the MATLAB system, using the Robust Toolbox library. Materials and methods. The initial data of
the work was the transfer function of the heater through the flow channel, obtained experimentally. A con-
troller was synthesized for this object and a description of the system and the transient process in MATLAB
were presented. The next stage of work was the synthesis of uncertain parameters using the ureal function.
As a result, the object received not specific parameter values, but an interval for each of the object's parame-
ters. As a result, an object with uncertain parameters and graphs of its transients was obtained. At the next
stage, the nominal parameters of the object were identified and the stability of the system was checked.
A system with nominal parameters is stable, so it is possible to perform an analysis of a system with uncer-
tain parameters. To do this, the calculation of robust stability was performed. Robust stability calculation
was performed by means of MATLAB, using the robuststab function. As a result of the work, the function
allows you to determine a number of values for estimating the system and a combination of system parame-
ters at which the system under consideration becomes unstable. At the next stage of the study, the worst pa-
rameters of the system from the selected set were determined; the obtained values differ from the parame-
ters of the robust instability of the system. As a result, the transfer functions of a system with nominal pa-
rameters, the worst parameters, and an unstable system are obtained, and the transfer functions are con-
structed. Results. With the help of the tool for analyzing robust systems, the study of the object was carried
out, the ranges of parameters were determined, under which the system will remain stable.

Keywords: uncertain system, robust control, uncertain parameters, robust methods, stability analysis,
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Beenenue

OdeHb 4acTO TEXHOJOTHYECKHE OOBEKTHI ITOIBEPIKEHBI Pa3IUYHBIM M3MEHEHHUSIM ((DIyKTyaIrusm).
B dactHOCTH, B Tpy0Oax TEII0O0OMEHHHUKOB MOXET IMOSBHUTHCS HAKWITh HW3-32 HEKAUYEeCTBEHHOW BOJEI.
Peaknum B ammaparax cHHTE3a MOTYT MPOUCXOAWTH C BEIICICHHEM HIIM TOTJIONMIEHHEM Teria U T. II.
Jpyrumu cinoBaMu, MaTeMaTHYECKOE OIMCcaHne 00BEKTa, IOTYYSHHOE B IIPOIIeCcCe ero WACHTU(DUKAIIH,
MOYET HE COOTBETCTBOBAThH TEKYIIEMY OIMMCAHHUIO OOBEKTa. YTIpaBlieHHE TAKUMH CUCTEMaMH Ha3bIBaCT-
Cs1 poOaCTHBIM yIIpaBiicHHeM [ 1—4], eciiu OHO CIIPaBIIACTCSA ¢ BOSHUKAIONUMHU B CUCTEME U3MCHCHUSMH.

B MATLAB umeercst 60mbIiIoii nepedeHb HHCTPYMEHTOB ((YHKIIUIT), peIHA3HAUYEHHBIX IS pa-
00THI ¢ pobacTHBIMU cucTeMaMi [5]. Bece onn HaxonsaTcst B Oubnmoteke (foolbox) Robust.

Llenp maHHO# CTaThM — PaCCMOTPETH OTAENbHBIC (PYHKIIMU M3 3TOr0 HaOOpa JUIsl aHAlIn3a | OIHCa-
HUsl poOacTHOW CHCTEMBI YIpaBIeHHs Ha ImpuMepe nojorpesarens Boicokoro fasieHus (I1BJ]). Takue
MOJTOTPEBATENN HCIIONB3YIOTCS Ha MAapOBBIX KOTIAX IS IMPEABAPUTEILHOTO MOJIOTPEBa BOJBI, MOCTY-
narorei B 6apaban xotia [6, 7].

DKcIepUMEHTAILHO TIoNMydeHHast (Oe3pa3MepHasi) nepenaTodnas QyHKIMS TOJOTpeBaTelis 1Mo Ka-
HaJIy pacxo/ rnapa — TeMIieparypa BOJbl UMEET BH
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1

505 +205+1
Hactpoiikn ontumanssoro IIH-perynaropa umerot 3Hauenue Kp =3, Ti = 2. Torga nepenatouHast
(GYHKLUS peryasTopa onuieTcs Kak [8]
6s+1
C(s)= .
() =—3
CoznaanM HEOIIpeIeIeHHYI0 CHCTEMY € HAalllUM 00bEeKTOM U peryisTtopom [9—11].

W (s)

1. Co31aHue HeompeaeJeHHOI CUCTEMbI

Omnumem B MATLAB Ham 00bekT 1 perymnarop. Jist 3Toro BEIOJHUM KOMAaH/BI:

W =tf([1],[50 20 1])

C =([6 1],[2 0]).

[MonyunM mepenaToynyio QpyHKIMIO 3aMKHYTOW CHUCTEMBI M MOCTPOMM MEPEXOTHBIN IMporecc 1o
BO3MYILEHUIO. [[J151 3TOTO BHIMOIHUM KOMaH/IbI:

WC = WAI+W*C),; step(WC),grid;

B pesynpraTe nosnydnm nepexoAHbli Mpouecc, NPpUBEACHHBIA Ha puc. 1.

-0.05
0 20 40 B a0

Puc. 1. MNepexoaHbIi Npouecc B 3aMKHYTOW cucteme
ANnA naeHTMUUNPOBaAHHOro o6 bLeKTa
Fig. 1. Transient process in a closed system
for an identified object

Tak Kak Hall 00BEKT MOKET MEHATH 3HAUEHHS CBOUX IIapaMeTPOB, CO3aUM HEOIPeaeIcHHBIE
napaMmeTpsl. HeonpeneneHHble mapaMeTpbl CO3AAIOTCS ¢ MOMOIIBI0 GyHKIMKU ureal. yHKIUA CO3-
naeT 20 cnyJaiHbIX 3HAYCHHUH B yKa3aHHOM uHTepBaje. [loagpoboHoe onucanue GyHKIUN TPUBEACHO
B [12-14].

JIJ1st 5TOro BEITIOIHUM KOMAHIbL:

k = ureal('k' 1, percent’ 20);

T1 = ureal(‘T1’,20, 'percent’,20),

T2 = ureal(‘T2’,50, 'percent’,40);

Tenepb mapamMeTphl HAIIEro OOBEKTA 33]JaHbl B UHTEPBAJIAX:

kor0.8 10 1.2

T1 ot 16 no 24

T2 ot 30 1o 70

Tenepb MOXHO CO37aTh OOBEKT ¢ HEOMPEACICHHBIMU MapaMeTpaMyd M MEPEAaTOYHYIO (YHKIHIO
3aMKHYTOM CUCTEMBI C HEOTIPEISICHHBIMU TTapamMeTpamMu. [1ocTpouM mepexoaHbie mporecchl. 1 3Toro
BBIIIOJIHAM KOMAH/IbI:

Wo=tf([k],[T2 T1 1]) Wz=Wo/(1+Wo*C).

figure; step(Wz),grid

B pe3ynbraTe moay4uM nepexoHbIe MPOIECChl, TPUBEICHHBIC Ha pHC. 2.

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 69
2022.T. 22, Ne 2. C. 67-75



YnpaBrneHue B TeXHUUYECKUX CUCTEMAX
Control in technical systems

0.25

100 120 140

Puc. 2. NepexopHblie npouecchbl B 3aMKHYTOM cucTeMe Ans o6beKTa
C HeonpeAeneHHbIMX NapamMmeTpammu
Fig. 2. Transient processes in a closed system for an object
with uncertain parameters

Heo6xonumo otmeTnts, uyto Ha rpaduke 8000 mepexoaHbIX NPOLECCOB, TAK KaK y HAC TPU Heomnpe-
JICJIEHHBIX MapameTpa, 1o 20 3Ha4YeHUH y KaXKIoro.

2. BelesieHHe CHCTEM ¢ HOMUHAJILHBIMHY MapaMeTpaMu

Uto0Obl BBLACTUTH (MOJIYYUTh) MEPEXOIHBIA MPOIECC CHUCTEMbl C HOMUHAIBHBIMHM IapaMeTpaMH,
BBIMIOJIHUM KOMaHy

Wnom = tf(Wz.nominal);

Ommuto nominal MOKHO HUCIIONIB30BATh TOJIBKO JJISI TIEPEMEHHBIX, OOBSIBICHHBIX C TOMOIIBIO HEOTI-
peneneHHbIX nmapaMeTpoB. [logpoOHoe ommcanue omniwu npuBeneHo B [15—17]. Ecau moctpouts mnepe-
XOJHBIN TIPOIIECC IS CUCTEMBI Whnom, TO TOIYyYUM MEPEXOTHBIA MPOIIECC, COBMAMAIONTHI C TIEPEeX0I-
HBIM TIPOIECCOM, IPUBEACHHBIM Ha puc. 1.

[IpoBepuM cucTeMy ¢ HOMHUHAIBHBIMU MapaMeTpPaMu Ha YCTOMYUBOCTH. [[J1s1 3TOr0 BBINOJIHUM
KOMaHIy

m = max(real(pole(Wnom))),

ITo cytn, KOMaHIa BEIYUCIISIET MAKCUMAIHFHOE 3HAUCHHUE OT BCEX JACHCTBUTEIBHBIX YaCTEH MOJFOCOB
HaIley CHCTEMEI.

B pesynbprate momyunm 3HaueHue —0.05. Tak kak AelCTBUTENbHAS YacTh MOJIOCA UMEET OTpUIa-
TETHLHOE 3HAYCHHE, CIICI0BATEIHHO, CUCTEMA YCTONIMBA.

3. AHAJIN3 cHUCTeMBbI ¢ Heollpe/ieJIeHHBIMH MapaMeTpaMu

J11s aHaM3a CUCTEMEBI C HEOTIPEIeICHHBIMH ITapaMeTpaMHy BBITIOJTHIM KOMaH/IbI:

[StabilityMargin, Udestab,Report] = robuststab(Wz);

disp(StabilityMargin), disp(Udestab), disp(Report);

Oyuxiys robuststab paccauteiBaeT podacTHyto ycToiunBocTs [13—15, 18]. HoMuHansHo ycToHH-
Basi HEOTpe/IeeHHasl CUCTeMa OOBIYHO HECTaOMIIbHA MPU OINPEJICIICHHBIX 3HAUYEHUSIX €€ HeolpeelicH-
HBIX 3JeMeHTOB. OnpeneneHne 3HaYeHUH HEONPEIeIeHHBIX JIEMEHTOB, Hanlosee ONMM3KUX K UX HOMH-
HAJIHBIM 3HAYEHHSM, AJIS1 KOTOPBIX BOSHUKACT HECTAOMIBHOCTD, SIBJISIETCS] PacueToOM pOOACTHOH yCTOM-
YUBOCTH.

Ecnu HeompeneneHHasi cucreMa yCTOHYMBA JIJISl BCEX 3HAYCHUN HEONPE/IETICHHBIX JIEMCHTOB B
npeenax ux JOMyCTUMBIX JAMANla30HOB, HEONPEICICHHAs CUCTEMA SIBISETCS POOACTHO YCTOWYHBOM.
U HaobopoT, ecau cyuiecTByeT KOMOMHAIMS 3HAYEHUH 3JIEMEHTOB, BBI3bIBAIOIINX HECTAOMIBLHOCTD, U
BCE OHHM JIEXKAT B JIOMTyCTHMBIX IIpe/eliaX, TOTJa HeonpeaeleHHas CUCTeMa He SBISeTCs HaJeKHO YC-
TOWYUBOA.
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Oto ouens MomHas GyHKuus. s ee BoimonHeHus TpedyeTcs onpenenennoe Bpems. [locne ee 3a-
BEPILICHHUS BBIBEAETCS CIeIyoLIas HHPOpPMaIUsL:

LowerBound: 1.989579704281458e+00

UpperBound: 2.041062710585281e+00

DestabilizingFrequency: 2.347676495189469¢-01
T1:1.183574915765887e+01

72: 8.915809634940935¢+01

k: 1.304674732920217¢+00

Uncertain system is robustly stable to modeled uncertainty.

1t can tolerate up to 199% of the modeled uncertainty.

A destabilizing combination of 204% of the modeled uncertainty was found.
This combination causes an instability at 0.235 rad/seconds.

Sensitivity with respect to the uncertain elements are:

'T1'"is 1%. Increasing 'T1' by 25% leads to a 0% decrease in the margin.
"T2"is 3%. Increasing 'T2' by 25% leads to a 1% decrease in the margin.
'k'is 4%. Increasing 'k' by 25% leads to a 1% decrease in the margin.

B napamerpe StabilityMargin Bo3BpaliaioTcs ciaelyrone 3HaueHus:

3nauenue StabilityMargin — ckanspHOE MOJOXKHUTENbHOE 3HaUCHNUE HIKHEH OLICHKU T'PaHMIIBI 3ara-
ca ycroituuBoctd. Ecnu 310 3HaueHue Oounplie 1, To HeompeaeaeHHas CHCTeMa rapaHTUPOBAHHO YCTOM-
YHBa JUIS BCEX 3HAYEHUI MOJETNPYEMON HEOIpeIeIeHHOCTH.

3nauenue UpperBound — ckansipHOE NONOXKUTENbHOE 3HAYCHNUE BEPXHEH OLIGHKU TPaHULIbl 3amaca
ycroitunBocTH. Eciam 3T0 3HaYeHne MEHbIIE €IMHUIBI, TO HEONpeAeICHHasl CUCTeMa HEeYyCTOWYMBA IS
BCEX 3HAYCHUH MOJETUPYEMOM HEONPEAEeICHHOCTH.

Ecnn HoMuHabHOE 3HaUSHHE HEOTIPEICIIEHHON CHUCTEMbI HECTAOMIIBHO, TO 3HAUYEHHE 00CHX TPaHUI]
OyZeT paBHO HYJIIO.

3uauenue DestabilizingFrequency — KpuTH4YecKOe 3HaUYE€HUE YaCTOTHI, IPU KOTOPOM BO3HHKAET
HECTaOUIBHOCTD, C HEONPEACICHHBIMHU MapaMeTpaMy, HanOosee OJIM3KUMHU K UX HOMHUHAJIBHBIM 3Ha-
YEHHSIM.

B napametpe Udestab BbIBOASATCS 3HAUEHUS [TapaMETPOB, MIPH KOTOPHIX CHUCTEMa CTAHOBUTCS HEYyC-
ToitunBOil. B Hamem ciydae 3to Oyzaer npu

k=13;T1=11.8; 72 =89.1.

B mpunImune, 3To mapaMerpsl, IpU KOTOPBIX CHCTeMa OyJeT HaXOMUThCS Ha TPaHHIE YCTOHYH-
BOCTH.

B napamerpe Report BEIBOAUTCS OTYET.

B Hamewm ciaydae ero MOXHO HHTEPIPETHPOBATH CICAYIOLIMM 00pa3oM:

Heomnpenenennas cuctemMa HaaASKHO yCTOWYHMBA K CMOJCIMPOBAHHON HEONIPEACICHHOCTH.

Cucrema octaHeTcsl yCTOMYMBOM Ipy U3MEHEHHHU mapameTpoB Ha 199 % oT cMonennpoBaHHOIl He-
OTIpe/IeTICHHOCTH. B HalieM citydae 3To mpakTU4ecKH B 2 pasa.

OOHapyxeHa JecTaOIIN3Npyolas KOMOMHAIMS TapaMeTpoB (CUCTeMa MOXKET CTaTh HEYCTONYH-
BOI) IIpH W3MeHEeHnH napameTpoB Ha 204 % oT cMOIEIMPOBAaHHOW HEONpPEeAEICHHOCTH. JTa KoMOMHa-
LIUS1 BBI3BIBAET HECTAOMIBLHOCTD Ha ypoBHe (dactore) 0.235 pan/c.

Hanee uner nadopmanus o KaxoM napamerpe. Hanpumep:

[Tapametp 72 coctaBusier 3 %. YBenuuenue 72 Ha 25 % NPUBOIUT K CHUKEHUIO YCTOMUUBOCTH
Ha 1 %.

[onyunm nepenaToyHyto QYHKIHIO 3aMKHYTOI CUCTEMBI 111 TApaMEeTPOB, MOTYYECHHBIX (QyHKIMEH
robuststab. J]is1 5T0T0 BBITIOTHUM:

Wol=tf([1.3],/89.1 11.8 1]); Wwel=Wol/(1+Wol*C);

4. OnpenesneHue HANXYALIUX TapaMeTPOB
,Z[J'I}I IMMOJIYYCHUA HAUXYAUIUX 3HAaUYEeHUH U3 3aI[aHHOﬁ HEOMPECACIICHHOCTH BBIITOJIHUM KOMaHOy

[Weh,Weu] = wegain(Wz), disp(Weg), disp(Weu);
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@OyHKIUS BBIBOAUT aMIUITUTYJHO-YACTOTHBIE XAPAKTEPUCTUKU IS IEPEXOJHOr0 MpoIecca o BO3-
MYIICHUIO IJId HAUXYAIINX 3HAUYEHUH napamMeTpoB M3 JUaria3oHa HEOIMPEACICHHBIX 3HaUCHHUI U 3Ha4e-
HHE€ PE30HAHCHOM YacTOTBHI.

B mapamerpe Wcg Bo3BpamaeTcsi MaKCUMalbHOE M MHUHUMANbHOE 3HAYCHUE aAMIUIUTYIHO-
YaCTOTHOM XapaKTepucTuku. Kak npaBuiio, OHU paBHBL.

B mapameTpe Wcu BO3BpamalOTCs HauXyAlIME 3HAYEHUA U3 JMana3oHa HEOIlpeAeJICHHBbIX 3Ha-
YeHUH.

B pesynbTaTe noxyuum:

LowerBound: 0.8503;
UpperBound: 0.8503;
CriticalFrequency: 0.2348;
T1:16; 72: 70; k: 1.2000

3aMeTHM, YTO HauXy[IIME MapaMeTphl, MONydeHHbIe QYyHKUUEH robuststab u byHkuuen wegain,
OTJIMYAIOTCA.

B mnepBoMm ciyyae 310 mapamerpsl Ui HecTaOMIIBHOW CHCTEMBI, 2 BO BTOPOM — 3TO HapaMeTphl
HauXyALIEeH cHCTEMBI U3 33JaHHOTO TUana30Ha HEOIIPEIEIEHHBIX TapaMETPOB.

Ecnu B makere MISU (MHOroKpuTepHaabHOE UCCIEIOBaHUE CHCTEM YIpaBieHus) noctpouts AUX
JUTS 3AMKHYTOH CHCTEMBI, /Uil 00bEeKTa ¢ MOJMy4YeHHBIMH mapamerpamu (k, T1, 72), nonydnm rpaduxk,
MIpUBEJICHHBIN Ha pHC. 3.
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Puc. 3. N'pacmk AYX cuctembl ¢ HaMXygWwMMM napaMmeTpamm
Fig. 3. Graph of the frequency response of the system
with the worst parameters

Urto0sl chopMHupOBaTh MEPEAATOUHYIO (DYHKITUIO 3aMKHYTON CUCTEMBI ¢ HAMXY/IIMMHA TTapamMeTpa-
MH, BOCIIOJIb3yeMCsl pyHKIUEH usubs.
J71s1 5TOr0 BBIMOJIHUM

Wwe = usubs(Wz,Uwc);

Htak, MBI IMeeT MepeaaTouHyo GpyHKIMI0 Wnom ¢ HOMUHATBHBIME MapaMeTpaMu, MepeIaTOUHYIO
GbyHKIHIO Wwe ¢ HauXyOIIAMH MapaMeTpaMy M3 3aJaHHOTO JTHAla30Ha W MepedaTOuHyro (YHKIIHIO
Wwcl HeyCTOMINBON CUCTEMBI.

ITocTporM nepexoTHbIE MPOIECChl BCEX CHCTEM:

step(Wnom, Wwe, Wwel,200),grid

B pesynbrare nonyunm rpaduku, NpuBeJcHHBIC HA pUC. 4.
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Puc. 4. NepexopHbie npoueccbl cuctem Wnom (1), Wwe (2), Wwe1 (3)
Fig. 4. Transient processes of systems Wnom (1), Wwc (2), Wwc1 (3)

BriBoabI

Urak, ¢ moMomsio GyHKIUK aHaIM3a POOACTHBIX CHCTEM MBI MCCIIEAOBAIH HAlll 0OBEKT U OIpelie-
JIWJIA TUAIa30H 3HAYCHHUH ITapaMeTpPoB, B KOTOPOM HaIlla CUCTEMa C UCTIOIB3YEMBIM PETYISITOPOM OyIeT
yCTOHYMBOM. B 3akitoueHue TOKakeM, 4TO C JIIOOBIMU APYTUMU HapaMeTpaMu U3 3aJJaHHOTO Jrara3oHa
MEPEXOIHBINA MpoliecC OyAeT Jydile, YeM ¢ MapaMeTpaMH, MOJYyYCHHBIMH JJI HauXyIIero BaphaHTa.
Jis aToro Bocmonb3yeMcst GyHKIMeH usample. OyHKINMS TeHEPUPYET YKa3aHHOE 3HAYCHUE CITyYaiHbIX
MepenaTouHbIX QYHKIUH ¢ apaMeTpaMu U3 yKa3aHHOTO JHara3oHa.

JIJ1s1 TOTO BBITIOJIHUM

Wrand=usample(Wz, 4), figure, step(Wrand,’b’,Wwc, 'r’); grid on

IepBbIM apryMmeHTOM (YHKIHU SBISETCSA OMHCAHUE CHCTEMBI ¢ HEONPEACICHHBIME MapaMeTpaMH,
BTOPBIM apTyMEHTOM — KOJMYECTBO TCHEPUPYEMBIX 3HAUCHHIH.

B pesynbraTe moay4InM IePeXoHEBIE TPOIECCHI, TIPHBEACHHBIE Ha PHC. 5.
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0 120

Puc. 5. Cny4yaiiHble nepexogHble NpoLecchl U NepexoaHbIv npouecc
C HauxyALWwuMu napaMmeTpamMmu
Fig. 5. Random transients and a transient with the worst parameters

U3 puc. 5 BuaHO, 4TO AMHAMHUYECKas OLIMOKA y BCEX MEPEXOIHBIX MPOLECCOB MEHbBILE, YeM Y I1e-
PEXOJIHOT0 MpolLecca ¢ HAaUXy/JIIUMH [TapaMeTpaMH.
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