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A.C. ®ypcos, ! FO. M. Mocomosa 2

Ilennbro uccnenoBanus siBjasgeTCs pa3paboTKa aJropuTMOB ITOCTPOE-
HUsT TU(POBBIX CTAOUIN3ATOPOB JJjIsl IIEPEKJIF0YaeMbIX CACTEM, (DYHK-
[MOHUPYOIINX B YCJIOBUSX ITapaMeTPUIECKoil HeonpeaeaéHaocTu. s
peIleHNs TIOCTABJICHHON 3a/1a91 IPE/JIAraeTCs NCIIOIb30BATH METOJIBI:
TOYHON JUCKPETU3AINN HEMPEPHIBHBIX YIPABJISIEMbBIX CHCTEM, TEOPUH
CcBepXCTaOUIN3AIIH, TEOPUU JIMHEHHBIX MATPUYIHBIX HEPABEHCTB U UH-
TeJJIEKTYAJIbHBIX BBIYHCJIEHUN.

KurouyeBbie ciioBa: MEpPEKIIOYAEMbIE CHCTEMbI, WHTEPBaJIbHAS
HEOIIPEIEJIEHHOCTD, cTabmn3anus, podacTHas yCTONINBOCTD, UMPO-
BbI€ CUCTEMBI yIIPABJICHUS, MHTEJIEKTYaIbHbIE BLIUUCICHMWS.

1. BBegenue

Muorue mpuKJIaIHble 331890 CBOJATCS K YIIPABIEHUIO CUCTEMAaMH, IEMOH-
CTPUPYIONUME HEKOHTPOJUPYEMbIE CKauKOOOpa3Hble M3MEHEHUsS CBOECH JTH-
HAMUKHA B JIMCKPETHbIE MOMEHTHI BpeMeHH. Takue cucTeMbl HA3bIBAIOT IIEpe-
KJIfoIaeMbIiMu. B mpejitaraemoit paboTte paccMaTpuBaeTcsa IpodaeMa cTabu-
JIN3AIMA TAKUX CHCTEM, IIPH 3TOM elle ¥ (PYHKIMOHUPYIONUX B YCAOBHUSIX
mapaMeTpUIecKOil HeOlpeIeIeHHOCTH. B ¢Bsisu ¢ OYpHBIM Pa3BUTHEM BbI-
YUCJUTE/IbHON TEXHUKN B IOJABJISIONEM OOJIBITNHCTBE COBPEMEHHBIX aBTO-
MaTHYECKUX CHCTEMaX YIIPaBJIEHUsI UCIIOJIb3YIOTCS B KAYECTBE PEryJIsiTOPOB
MUKPOKOHTPOJIJIEPHL. B CBI3W ¢ 9TUM aKTYAJIbHON SIBJISIETCS 3aJlada paspa-
6OTKI KOHCTPYKTUBHBIX AJIOPUTMOB IIOCTPOECHHSI UMEHHO ITU(POBBLIX pery-
JIATOPOB TSI YIIPABJISIEMbBIX CHACTEM. Y YUThIBasg 3TOT (akKT, B JAHHON pa-
6oTe paccMaTpUBaeTCsI 3aJia9a IOCTPOEHHSI MU(PPOBBIX CTAOUIN3aTOPOB JIJIs
nepexJroIaeMbIx cucrteM. [Ipu pernrenun ykazamHONU 339U BO3HUKAIOT JIBE
OCHOBHEBIE IIpobJieMbl. IlepBast mpobiieMa CBsA3aHa ¢ IPOLELY PO IUCKPETU3a-
MU HEMIPEPBIBHON MOJIENIN, KOTOPAs sIBJASIETCS HEOOXOIMMBIM 3BEHOM PACUETa
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JIHICKPETHOrO pery/siropa. Bropas ke npobiieMa cBsi3aHa ¢ HEOOXOIUMOCTHIO
obecreunThb pabOTOCIIOCOOHOCTH PETYJISITOPa B YCIOBUSAX JTOCTATOUHO OBICT-
POii CMEHBI PEXKUMOB [IEPEKJIIOUaeMbIX cucTeM. Jljist perennst mocTaBaeHHOR
3aJa491 OBLIN UCIOJIb30BaHbI CIEIYIONIAE METOIbI: METOJ TOYHON JUCKPETHU-
3allil HEIPEPBIBHBIX CUCTEM, METOIBI TEOPUHU JIMHEHHBIX MATPUIHBIX Hepa-
BEHCTB, METOJ] CBEPXCTAOUIN3AIUNA U METObI MHTEJIEKTYAJIbHBIX BbIYHCIE-
HUIA.

2. OcHoBHBIEe IOHATUA W (POPMYJIUPOBKA Pe3yIbTaTa

PaCCManI/IBaeTCH HereprBHaﬂ CKaﬂﬂpHaH HepeKmoqaeMaﬂ I/IHTepBaﬂbHaH
JIMHEIHasI CUCTEMA

T =[Aslx + [bo|u, y=[cslz, o€ P CSy, (1)

rie o : Ry — I ={1,...,m} — Kycouno-nocrosiunasi byHKIus (IePEKIIO-
YAOMIUii CUI'HAJ) ¢ KOHEYHBIM YHCJIOM Pa3pbIBOB (IIepeKJIIoueHnit) Ha JIF0O0M
KOHETHOM IPOMEXKYTKE; Sy — MHOKECTBO BCEX IE€PEKTIOUYAIONINX CUIHAJIOB
0; P —MHOXeCTBO JOIYCTUMBIX TEPEKJIIOYAIONNX CUrHaoB; * € R™ — Bek-
TOp cocrosus, y € R — u3MmepseMblil CKaJIsgpHbIi BbIXOd, u € R — ympas-
asonuit Bxox; [Ags] ¢ I — {[A1],..., [Aw]}; [b6] 7[—> {[b1],-- -, [bm]},
[co] = T — {[c1],- .., [em]}- Bmecn [Ai], [bi], [ci] (i = 1,m) — nnrepBanbHBIC
MATPHIII COOTBETCTBYOIIUX PA3MEPOB.

Buauenne GyHKIMN 0 B KayKJblii MOMEHT BPEMEHH OIPEIEISET NHTED-
BasbHbIi aktuBHbli pexxum ([A;], [bi], [¢;)]) (i = 1,m) nepekmouaemoii cu-
crembl (1), onmchiBaeMblil JIMHEHHON WHTepBaJIbHOI cucremoit & = [A;|lx +
[biu, y=[e]z.

Cucremy (1) MOXKHO paccMaTpuBaTh KaK MHTEPBAJILHOE CEMEHCTBO Iie-
PEKJTIOUAEMbIX JIMHEHHBIX cUcTeM. [Ipu 3TOM, 110/] 9JIEeMEHTOM MHTEPBAJIbHO-
ro cemeiicrea (1) GyaeM HOHMMATH MEpeKJIOYaeMyio cucreMy & = A,z +
bou, Yy = C,T, 3aJaBaEMYI0 KOHEYHBIM MHOXKECTBOM DPEXUMOB (¢;, Aj, b;):
= A;x + bu, Y = ¢;x, Ile ¢; € [CZ'], b; € [bz], A; € [AZ] (7, =1,.. .,m).

Pertennem ypaBaeHusi coctosinusi cucreMbl (1) mpu (pUKCHPOBAHHBIX Pe-
xumax (Aj, bi,c;) (i = 1,m), 3aJaHHOM aJrOpUTMe yHpaBJeHus u = ug,
nepekJroUaoneM curaie o € P u nadanbaom yciaosun x(0) = xg Oy-
JIeM Ha3bIBaTh BEKTOP-(MYHKINIO (t), SIBIISIFOILYIOCS HEIIPEPBIBHBIM KYyCOYHO-
muddepeHnupyeMbIM peIleHneM JIMHEIHOM HeCTallMOHapHOH CHUCTeMBI T =
Asy® + bopyu,  2(0) = 0.

Bysiem rosoputh, 4To nepek/irovaeMast JuHeiiHas cucrema (1) ¢ dukcn-
POBaHHBIM yIIpABJIEHHEM U = ug pobacTHO P-ycmotivusa 6 Hiie, €cin Cy-
mecrByer takas K L-dyukimst (7, §), 94T0 Jjisi TF060T0 HAYAJIBHOIO YCJIOBUSI
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z(0) = xo, nepekmoualonero curnana o € P (P C S) n mua moboit mepe-
kJrouaeMoii cucremsl (A;, b;, ¢;) € ([Ai], [bi], [ci]) cemeiicrBa (1) coorBercTBy-
fommee perenne ypasuenust & = A,y + boyuo,  (0) = 0, yaoBIETBOpSIET
coornomenuto ||z(t)|| < v(||x(0)||,t), t>0.

Jlas cucmemus (1) pacemampusaromes caedyrouue 3a0a4u.

1. Jost o6bexTa (1) HeOOXOMMO TTOCTPOUTD UG POBOIi PEryJISTOD 110 BbI-
XOIY:

o[(1 4+ 1)T] = QuiIT] + quyIT], u[iT] = Hv[IT] + hy[IT), (2)

KOTOPBIH obecrieunBaeT pobacTHyo P-ycmotivusocms 6 Hyase COOTBETCTBYIO-
el 3aMKHYTOU HEIIPEPBbIBHO-ANCKPETHON IIEPEKII0YaeMOi CuCTeMbl

#(t) = [Ag]a(t) + [bs] X—g (HU[T] + hleo|x(3T)) S(t — 5T,

3
v[(l + 1T = Qu[IT] + q[co|x(IT), o(t) € P C Sy, ®)

riae T — mepuo AUCKpeTH3aIu HelpepbIBHOil cucteMsbr (1),

_J1, telo, 17,
) = {0, t¢[0,7). )

2. lnsa obbekra (1) ¢ 3amannsiv MuoxkectsoM (P C Sp) u ne nabionae-
MBIM IIEPEK/IIOYAIONIIM CHIHAJIOM 0 € P HeoOX0IuMO IOCTPOuTh InbpoBoif
PEryJIsATOP 1O COCTOSHUIO:

u[lT] = —kx[IT], (5)

obecrreunBaouit podbactayio P-ycmotiuusocms 6 Hyse COOTBETCTBYIOIIEH
3aMKHYTOW HEPEPBIBHO-TUCKPETHON CHCTEMBI

[e.e]

i(t) = [A, bo] > (—ka(jT)) S(t —jT), o(t) € PC Sp.  (6)
7=0

IHoayuennvie pesyavmamaot.

1. Ha ocuoBe Mmeroja dynkiumii JIsimyHoBa W TeOpUU JIMHEHHBIX MaT-
pUYHBIX HepaBeHCTB [1| cdopMyaIMpOBaHO M JIOKA3aHO JOCTATOYHOE YCJIO-
BUE YCTOWYMBOCTH B HyJIe HEIPEPBIBHO-TUCKPETHOMN crcTeMbl (3) 3aMKHYTOi
1 posbIM peryisitopoM (2) [3|. YkazanHoe yciioBue JIaéT BO3MOXKHOCTD pas-
pabaTblBaTh YHCIEHHBIE MPOIEAYPhl HOMCKa nudposoro crabuimmsaropa (2)
C UCIIOJIb30BAHMEM aJITOPUTMOB UHTEJLIEKTYAJbHLIX BbIUUCICHHUIA.

2. Ha ocnoBe merojia cBepxcTabuinsanuu |2| mpeJjioKeHo KOHCTPYKTHB-
HOE JIOCTATOYHOE YCJIOBUE CYIIeCTBOBAHUS BEKTOPa napaMeTpoB k obpaTHOi
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casnu (5) [4], obecreunBaoreii yCTORINBOCTL HENTPEPBIBHO-UCKPETHO CH-

cremsl (6). Janmnoe yciaoBue MO3BOJISIET HAXOAUTH CTAbIIM3HPYIONLYI0 0OpaT-
HYyIO CBsI3b (5) B SIBHOM BHJIE.

Pabora BrInOIHEHA, npu (bHHaHCOBOﬁ IO AEPZKKE Poccuiickoro Hay4vIHOI'O

dbonma (mpoexr Ne 22-21-00162).
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Some approaches to stabilizing switchable interval systems
Fursov A.S., Mosolova Y.M.

The aim of the research is to develop algorithms for constructing
digital stabilizers for switchable systems operating under parametric
uncertainty. To solve this problem, it is proposed to use the following
methods: exact discretization of continuous controlled systems, the
theory of superstabilization, the theory of linear matrix inequalities
and intelligent computing.

Keywords: switchable systems, interval uncertainty, stabilization,
robust stability, digital control systems, intelligent computing.
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