YOK 021.8 + 025.1
BBK 78.34

MHOXECTBA OOCTUXUMOCTH J'II/IHEI7IH!:>IX
CUCTEM: ONPEAENEHUA, OCHOBHbBIE CBOUCTBA,
ANMPOKCUMALIMKN'

Ilep6axos I1.C.>
(Vupeoicoenue Poccuiickoti akademuu nayk Mncmumym npobnem
ynpaenenus um. B.A. Tpaneznuxosa PAH, Mockea)

Ob6cyacoaemcest 8ancHoe NOHAMUE MHONCECIBA OOCTMUNCUMOCIU OU-
HAMUYECKUX JTUHEUHbIX CUCTEM, (DOPMYAUPYIOMCS OCHOBHbIE CEOli-
cmea, OOBACHAIOMCS NPUYUHLL MPYOHOCMEl MOYHOU XAPAKmepu3a-
yuu, npeorasaromcs dPOekmueHvie pecyisapHble GblYUCTUMETbHbIE
cpedcmea 05t NPUBIUINCEHHO20 ONUCAHUSL, OCHOBAHHbIE HA NOHAMUU
UHBAPUAHMHBIX HAAUNCOUO08. TIpueoodsmces npumepul.

KiroueBrle clioBa: JTHHCHHEIC CUCTEMBbI, BHCHIHUC BO3MYIIICHUA, MHO-
KECTBO TOCTHXKMMOCTH, NHBAPHUAHTHBIC SJUIUIICOUBI.

KPATKOE COLEP>XXAHUE

O0OBeKTOM HCCICOA0OBAaHHA B JOKJIAAC SABIIACTCA JIMHEHHAS JAHWHa-
MHYCCKas CHCTEMaA

&= Az + Dw, z(0)=0,

rme x € R™ — cocrosnue (dazoBas mepemeHHas), a w € R —
BHEIIIHEE BO3MYILEHUE, OTPAHUYEHHOE B KakoW-nmubo Hopme. M3yua-
eTcst 006macTh (Ha30BOTO TIPOCTPAHCTBA

R(T) ={z(T): &=Az+Dw, =z(0)=0, [w]<1}

! Asmop cuacmaus evipazume 2nyboxyio baazodaprocms b.T. Ionsxy u M.B.
XnebHuKog8y 3a 803MONCHOCHb MHO20]I€MHE20 NI000MBOPHO20 COMPYOHU-
uecmea.

% [Ilepbakos Tasen Cepeeesu, 00KMOp QUIUKO-MAMEMAMUYECKUX HAYK
(cavourll8@mail.ru).
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KOTOPO€ MOXET pacCMaTpUBAaThCs KaK HEOINPENECIEHHOCTh B COCTO-
STHIW CHUCTEMBI, HAaKONMBIIAACA K MOMEHTY BpeMeHH [ T1ox BO3-
JEMCTBUEM HEHW3BECTHBIX BO3MYIIEHUI. DTO MHOXKECTBO Ha3bIBAET-
Csl MHOJICECBOM OOCUNCUMOCIU CUCTeMbl 6 MoMenm epemenu 1.
IToHATHO, YTO ONMHUCAHHE 3TOT0 MHOXECTBA WM MOCTPOCHUE €T0 ra-
PaHTHPOBAaHHBIX BHEIIHMX allIPOKCUMAIUI SBISETCS MPUHLIUIHAIb-
HO Ba)KHBIM.

B noknazne o6cy:xnaroTcs O4eBHIHBIE 1 MEHEE OUE€BHIHBIE CBOM-
CTBa TAaKWX MHOXKECTB: OTPaHHYEHHOCTH JJIsl KOHEYHBIX 7', BBIMYK-
JIOCTb, LIEHTPaIbHAasl CHMMETPUS, BIOXKEHHOCTh 1o 1" U Ap.

Hamnbonee nHTepeceH ciay4ail yCTOWYHBBIX CHCTEM, B KOTOPOM
R(T) xoneuno mpu modom T° > 0; MHOXecTBO R(00) HazbIBaeM
MIPOCTO MHOXKECTBOM JOCTH)KUMOCTH. /IByMS CyIIIECTBEHHBIMHU CBOIi-
CTBAMH MHO)KECTB TOCTHXKUMOCTH ABISIETCS UHBAPUAHIMHOCTb U NPU-
msazusaemocms. IlepBoe M3 HUX 03HAYAET, YTO TPACKTOPUS CHCTEMBI,
Ha4yaBIIKCh B IOCTH)KUMOM MHOXKECTBE, OCTAHETCSI B HEM IIpU JIF0OOM
BO3MYIIEHUU BO BCE MOMEHTHI BpeMeHH. BTopoe cBONHCTBO 03Hauaer,
YTO TPAEKTOPHs CHCTEMBI, HAYaBIINCh BHE JOCTHKMMOTO MHOMKECTBA
CTPEMUTCS K HeMY (WJIM ONaJaeT B HETO U OCTAeTCs BHYTPHU B COOT-
BETCTBHUH C NIEPBBIM CBOHCTBOM).

B noxmane paccmarpuBaroTCs JiBa OCHOBHBIX KJlacca BO3MYIIe-
HUU: CUTHAJIbI, OTPaHUYCHHBIC JIN0O0 B HOpME {9, OO B HOPME {op.
B nepBoM ciydae HETpyOHO MOIYYHUTh SABHOE ONHCAaHHE MHOMKECTBA
JOCTHKMMOCTH (depe3 pelIeHHe COOTBETCTBYIOMIETo ypaBHeHHS JIs-
IIyHOBA) B BUJIE JJUIUIICOMIA.

Bropoii cirydaii 3HaYUTENTEHO 00Jiee CIIOXKEH, U CKOJIBKO-HUOYIh
TOYHOE OMNHMCAHUE HEBO3MOXKHO IPH Pa3MEPHOCTAX BBHINLE 1 = 3.
OO6cynuB NpUHIMIHATIBHYI0 BO3MOXXHOCTb OIHMCAHHUS MHOXECTBA J0-
CTIDKUMOCTH C TTIOMOIIBIO OMOPHBIX TMONXYHIPOCTPAaHCTB (CM. puc. 1),
MBI TIEPEXOAUM K KOHCTPYKTHBHBIM METOJaM IMOCTPOEHHUS BHEIIHUX
anmpoxkcuManuid. Bce oHM OCHOBaHBI Ha OTBHICKAHWH KBAJIPATHYHBIX
¢yHkumi JlsamyHoBa Ui YCTOWYHMBOM CHUCTEMBI M XapaKTepH3alluu
UHBAPUAHMHBIX DIAUNCOUOO0E, OTPAHUUNBAIOIINX MHOXXECTBO JOCTH-
KUMOCTH (CM. puc. 2).
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Puc. 1. ,HOCWZHO/CHMO@ MHOIHCECMB0 ycmoﬁlmeoﬁ cucmembsvl 6nMopoco
nop}zdka KdK nepecedyeHue onopHvlx }’lOlel’lJZOCKOCmeuv.
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Puc. 2. Annpoxcumayus 0ocmudicumozo MHoONcecmaa
UHBAPUAHMHBIMU DTIUNCAMU.

[Noka3piBaeTCsl, KaKuM 0OOpa30M HAaXOAUTCS MHUHUMAIBHBIA I10
TOMY WA WHOMY KPUTEPHIO SJUTATICOMI, OOCYXKTArOTCS BOIPOCHI
TOYHOCTH ANMPOKCUMALIMH, IPUBOAATCS MPUMEPHL. Takke BBOOATCA

XI BCEPOCCUMCKAS IIKOJIA-KOH®EPEHIIUS MOJIOJIbIX YUEHBIX
“YIIPABJIEHME BOJIbIIUMU CUCTEMAMMW”



18
HEKOTOPBIC COIYTCTBYIOIUE MOHSTHS, TAKUE KaAK OZPAHUYUBAIOUULL
ANAUNCOUO, Hauxyouiee 6o3MyujeHue u Iip.

B 3akirountenbHOW YacTH mokiana GOpMyIHpPYeTCsl U KPaTKo
o0cyXIaercsi Cioco0 PeLIeHUs 3a0ayu 00 ONMUMATLHOM HOOAGIeHUU
603MYWeHUll — MOCTPOSHUH CTa0UIN3HUpPYIOIel 00paTHOH CBA3U, MU-
HUMM3HPYIOILEH pa3Mep HHBAPHAHTHOTO HJUIMIICOMA ISl 3aMKHYTOH
cucteMbl. OCHOBHBIM TEXHHYECKHUM CPEICTBOM SIBIISETCS ammapar
JUHEHHBIX MaTPUYHBIX HEPAaBEHCTB, OMHCAHHMIO KOTOPOTO TaKKe
yzessieTcss HeKoTopoe BHUMaHue. HakoHel, puBosATCA AabHEHIIe
0000IIeHNS 1 Pa3BUTHSI PACCMOTPEHHOMN TEXHUKH.
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REACHABLE SETS OF LINEAR SYSTEMS:
DEFINITIONS, BASIC PROPERTIES,
APPROXIMATIONS

Pavel Shcherbakov, Institute of Control Sciences, RAS, Doctor of
Science, professor (Moscow, Profsoyuznaya st., 65, (495)334-76-41.

Abstract: The paper deals with an important notion of reachable sets
for linear dynamical systems. We formulate basic properties, explain
inherent difficulties in the exact characterization, and propose regular
efficient tools for approximate description based on the concept of
invariant ellipsoids. Numerical examples are provided.
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