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Pemenne 3a1a91 p06aCTHOI‘O IIO3UIINOHHOI'O CUHTE3a
JJI5L KAHOHUYECKOI CHCTEMBbI

(IIpedcmasaeno axademurom HAH Yrpaunw, E. H. Xpycarosvim)

Paccmompens, 3adavu 24000451020 U AOKAABHO20 POOACTHO20 NOZUUUOHHO20 CUHMESE 02Pa-
HUMEHHO020 YNPABAEHUS CUCTNEMOT € HEUZBECTNIHBIM 02DAHUYEHHBIM Go3MYywenuem. Pewenue
0CHOBAHO Ha Memode Pynryuy ynpasasemocmu B. . Kopobosa. Hatliden nauborvwutd ompesox
UBMEHEHUA 2PAHUY, BOSMYUWEHUA U NOCTMPOEHO YNPABAEHUE, KOMOPOE NEPESOJUM NPOU3BONL-
HYIO HAYAADHYIO MOYKY 6 HAUGAO KOOPOUHAM 34 KOHEYHOE BPEMSA NPU A1000M B03MYULEHUL,
ydosaemsoparousem ozparurenuam. Ilorywena ouenra na epemsa 08UNCEHUA U3 NPOU3BOALHOT
HAYAALHOT TOUKY 8 HAYAA0 KOOPIUHAM.

Karouesnie caosa: veton GYHKINN YIIPABIIEMOCTH, 3a/7a1a poOACTHOTO CUHTE3a, HEN3BECT-
HOE OTPaHUYEHHOE BO3MYIIEHUE, TIO3UINOHHOE OIPDAHUYEHHOE YIIPABJICHNUE.

PaCCMOTpI/IM 3a1a9y pO6aCTHOI‘O IIOBUITMOHHOT'O CHMHTE3a OI'PaHUYCHHOI'O yIIpaBJICHUA J1JIsd CUC-
TEMBI

i = (1+p(t, z))x2,
T; = (1 + Tii+lp(t7$))$i+1u 1=2,...,n—1, (1)

Ty = U,

et >0,z €@ CR" @Q — 570 HEKOTOPasi OKPECTHOCTL HadaJja KOOPIAUHAT, U — CKAJSIPHOE
yIIpaBJeHue, yIoBJIeTBOpsifoniee orpanmdennio |u| < 1, 741, © = 2,...,n — 1, — HEKOTOpBIE
3aJlaHHble Yncia, p(t,r) — HeusdéecmHnoe OrPAHUIEHHOE BO3MYIIEHUE, YIOBJIETBOPSIIONIEe Orpa-
andennio di; < p(t,z) < do, di < 0, do > 0. B pabore [1] paccmorpena 3a1ada pobGacTHOrO
HOBUIMOHHOTO CUHTE3a [P OJHOM BO3MYIIEHUH, T.e. B cucreme (1) ry;41 =0,4=2,...,n— 1.
B pabote [2] paccmoTpen ciydail CHMMETPUYIHOIO OTpe3Ka, T.e. di = —dg. Ilepenuiiem cucre-
My (1) B MarpudHOM BHJIE

& = (Ao + p(t,z)R)x + bou,

e Ag — Marpuiia, y KOTOpOil 3/IeMeHThI BepXHell HaIIMaroHaJi PaBHBI 1, a OoCTaJbHBIE 3JIe-
MEHTHI HyJIeBble, by — BEKTOp, Y KOTOPOTO TIOCIETHUI 9JIEMEHT PaBeH 1, a oCTaJbHbIE 3JeMEHTHI
HYyJIEBBIE,
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st mapst ancen dy < dp wepes Py, 4, 0bo3nadnm kiaace bynkuit p(t, z): [0;+00) X Q — R,
YJIOBJIETBOPSIONIAX CJICIYIOIIUAM YCIOBUSIM:

1) p(t,x) mempepbIBHA MO COBOKYITHOCTHU IIEPEMEHHDIX;

2) B kaxoit obmactu Ki(p2) = {(t,x): 0 < t < 400, ||z|| < p2}, dyukuus p(t, x) yaosrer-
BOpsAeT ycaoBuio Jlummmuma

|p(t,a:") - p(t7$/)| < gl(pQ)Hx” - xIH?

rie (1(p2) 3aBucuT or GyHKIMU P;

3) st Beex (t,x) € [0;4+00) x Q dyukiwust p(t, z) ynosiaersopsier orpanndenuio di < p(t, z) <
< ds.

Ounpenenenne 1. [lox (di,ds)-10Kar0H0M POBACMHDIM NOSUYUOHHDIM CUHMEZOM 02PAHU-
weHH020 Yynpasaenus OyIeM TOHUMATh HAXOXKJEHHE TaKoro yupasjienus u = u(z), r € @, 4ro:

1) B kaxmoit obmacru Ka(p1,p2) = {z: 0 < p1 < ||z|| < p2} dynkuus u(x) ymosiaersopsier
ycaoBuio Jlumimura

u(2") — w(z')] < La(pr, p2) 2" — 2'||;

2) |u(z)| < 1 g Bcex € Q;
3) ms Beex p(t,x) € Pg, g4, TPaeKTOPUsA Z(t) 3aMKHYTONH CHCTEMBI

& = (Ao + p(t, 2)R)z + bou(), 2)

BBIXOJIAINAs U3 MPOU3BOJIBHON HAYaIbHOW TOUKU To € (), OKAaHYMBAETCs B Havaje KOODIMHAT
B HEKOTODbIHi KOHEYHbIi MoMeHT Bpemenu T'(xg,p), T.e. lim x(t) =0. Ecom @ = R", 1o
cuHTe3 Oy/IeM Ha3bIBATH 2400GAbHbIM. =T (@o.p)

Hairmta niestb — 1151 3aJIaHHBIX T'441, § = 2,...,n— 1, HOJYYUTh TPAHUIBI HAKOOJIBIIErO OTPE3KA
[dy; d2] 1 mOCTPOUTH yIpaBiIeHne, KOTOPOE IEPEBOIUT IPOU3BOIBHY O HAYAIBHYIO TOUKY B HAUAJIO
KOODJMHAT 3a KOHETHOE BpeMsl. 3aMeTnM, 9To npu d; < —1 B cucreme (1) mepBasi KoopiuHaTa He
yupasisiema (npu p(t,z) = —1), T.e. He upu Bcex dy u dp 3ajada paspemuma. Perienne 3a1a9u
OCHOBAHO Ha Mmemode dynruuu ynpasasemocmu [3-5|. Nznoxkum cyTh MeTosa.

PaccmorpuMm HenumHeitnyio cucremy
L'U:f(t,LU,U), (3)

rne v € Q C R"™, () — 3T0 HEKOTOpasg OKPeCTHOCThL Hadasa KoopauuatT, u € ) C R", mpuaem 2
takoBo, uto 0 € int Q, f(¢,0,0) = 0. Ilox A0KAALHbM NOZUUUOHHBIM CUHIMEZOM 02DAHUYEHHOZ0
ynpasaenus OymeM MOHNMATHh HAXOXKJIEHHE TaKOro ymnpasieHus u = u(x) € (), 970 TpaeKTOpHs
x(t) samkuyTOil cucrembl & = f(t,x,u(x)), BbIXOASIIAsS U3 IIPOU3BOJILHON HAYATBHONW TOUKH
z(0) = x9 € @, OKaHUYMBAECTCS B HAYAJIE KOODIMHAT B HEKOTOPBI KOHEUHBI MOMEHT BPEMEHH

T(xp), r.e. lim x(t) = 0. Ilpu srom ecsim Q = R™, 10 cuHTE3 HA3BIBACTCS 24000.AbHBIM.
t%T(zo)

OTMeTnM TPYAHOCTH perreHnst 3Toi 3amaun. [ToCKoMbKY Uepe3 KOHEUHYIO TOUKY MPOXOJIAT
GECKOHETHOe YUC/I0 TPACKTOPUIl U BpeMs JIBUKEHUsS 10 KarKJI0il TPAeKTOPUHU B 3Ty TOUKY KOHe-
9HO, TO B CHJLY TEOPEMBI O eJIMHCTBEHHOCTH DEIIeHUsI [IpaBasi 9acTh ypaBHeHUs (3) ¢ BBIODAHHBIM
yIIpaBJIeHIeM He MOXKET yJIOBJIeTBOPSATH yCJIOBHIO JIMIIIUIA B paCCMaTpUBAEMON OKPECTHOCTH.

s perenuns 3aga4n mosurmonHoro cuaresa B 1979 r. B. . KopobGoBbiM OBLI ITpeIjIoXKeH
Merox dyHKIWN yupasisiemoctu |3, 4|, passurslii B paborax [6-8] u ap. B pabore [9] meror

14 ISSN 1025-6415 Dopov. NAN Ukraine, 2015, N6



byHKINN yIpaBasgeMocT ObLI 0D00IEH Ha Cydall CHCTEM C BO3MYINEHUEM. 3aJiada pobacTHO-
ro MO3UIIMOHHOIO CHHTE3a JJIsi KOHKPETHBIX CACTEM B (DOPMYJIUPOBKE, OJIM3KOU K U3JI0XKEHHOI,
pacemarpuBaiack B [10, 11]. Tlpunokenue Merona K 3a1adaM yIpaBIeHHsl Xa0COM MOXKHO Haii-
T B pabore [12]. Cpeau npyrux paboT, HOCBSIIEHHBIX IPOOJEMaM CHHTE3a 38 KOHEYHOe BPEMs,
MOXKHO oTMeTHuTb [13, 14].

OnuireM OUH U3 BO3MOXKHBIX TIOJXOJOB K PEIIEHUI0 3aJa9d TVIOOAJBHOTO ITO3UIIMOHHOTO
CHUHTEe3a JIJIsi KAHOHUYECKON cucTeMbl |5, 6:

i‘l = T2, jj? = T3, sy jjn—l = Tn, xn =u, (4)

riae € R", u — ckassipHOe ylpaBjieHue, yJI0BJIeTBopsioliee orpannydennio |u|<1. 3amernm, aTo
upu p(t,x) = 0 cucrema (1) moaHOCTBHIO yrpasiseMa u coagaer ¢ cucremoii (4). Ilyers

1
F~l= / (1 —t)e Plbgbge 4tdt,  D(O) = diag(@~ 2 TH/2)T |
0

IIycrs f;; — amemenTnl maTpunpbl F.
Teopewma 1 [6]. ITycmv Pynryus ynpasasemocmu © = O(x) — eduncmeentoe noaoscumens-
HOE peweHue YpPasHeHUs,

2000 = (D(©)FD(©)x, z), x # 0, ©(0) =0, (5)

2de nocmosHHas ap 8’bb6upa6m6ﬂ C02AaACHO HEPABEHCMEBY

2
O0<ayg < —.
= fan
Toz0a ynpasaerue euda

u(z) = 5B D(O@)FD(O())z (7

pewaem daa cucmemuv (4) 3adawy 24000461020 NOFUUUOHHOZO CUHMEZE HENPEPLLEH020 YNPaG-

nerua, ydosaemeoparowezo ozparuveruto |u| < 1. IIpu amom dynkyusa ynpasasemocmu O (o)

ABAACTNCA BPEMEHEM DBUNCEHUA U3 NPOU3EOALHOT mouku o € R™ 6 nauaro xoopdunam.
Pesynbrarer. Obosnaunm y(0,z) = D(0)z,

2n—2i+1)n

sziag(— : , F'=F-FH-HF=(2n—i—j+2)f;j)%_1.

=1
Bamernm, uro F ! nonoxwrensio onpefenentas Marpuia [5]. O6o3Ha4MM
S(©) = O(FD(®)RD}(©) + D Y(©)R*D(O)F). (8)

Cupasemymeo Toxaectso [5] D(O)RD™H(O) = ©7'R, orkyma creayer, uro marpuna S He 3a-
BUCHT OT © m mMeeT BUI

S(©) =Sy = FR+ R*F.
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BribepeM mOCTOSIHHYIO g, YIOBJICTBOPSIONLYIO HepaseHCTBY (6). PaccMorpuMm 3aMKHYTYIO CHC-
remy (2), rae u(z) 3amaercs dopmyioii (5), O(x) — eIUHCTBEHHOE HOJIOKUTEIHHOE DEIICHHe
ypasHennst (2). Oboznaunm depes x(t) TPAEKTOPUIO CHCTEMBI (2) U Haii1eM IPOU3BOJHYIO B CHILY

cucrempr © = E@(x(t)) Ananornuno [2| nmeem

(_Fl —I—p(t, Ql‘)So)y(@, 33‘), y(@7 $))
(F'y(0,2),y(0,z)) '

[Tyctb Apin(Z) 1 Amax(Z) obosnadaer HamMeHbIee W HAKOOJIbINEEe COOCTBEHHDbIC 3HAUCHUS Ma-
TpUlLl Z COOTBETCTBEHHO.

Teopema 2. O6osnauum d) = 1/Amin(F1)7180), dy = 1/Amax((F')™1S0). Buibepem 0 <
<y <1, v9 > 1. IIycmo

6=

9)

& = max{(1 - y)d% (1 - )&}, ) =min{(1 - )% (1 — )d}. (10)

Tozda Odan secex di u do maxuzx, wmo d(l) < d < dy < dg ynpasierue, 3adagaemoe Hopmy-
a0t (7), pewaem 3adawy (dy,ds)-2a06a4b1020 pobacmmrozo no3uyuonrnozo cunmesa. IIpu smom
mpaekmopus cucmemvi (2), 6brodawan u3 npoudsosvhots navarvrot mowku x(0) = xg € R”,
okanuusaemcs 6 mouke x1(T) = 0 6 nekomopoili kKonewnvil momernm epemeru T = T (xg, dy,d2),
O0ASL KOMOPO20 SHINOAHEHA OUEHKG

Oz0) T(x0,d1,ds) < (o).
Y2 71

(11)

Paccmorpum 6ostee obmyio 3amady. Ilycts marpuria R nmeer Bu

11 1 0 0 e 0 0
21 T992 T23 0 N 0 0
S . (12)
"n—11 Tn—-12 Tn-13 Tp—-14 ... Tn—-In—-1 Tn-In
T'n1 T'n2 'n3 T'n4 ‘e Tnn—1 Tnn

Torna marpuna S(0) (8) sasucur or ©. Ilycrs obnacts Q 3amaercst papercTBoM @ = {z: O(x) <
< 1}. Tyers A(©) — cobersennoe smadenne marpuns (F1)71S(0). Tlpn mocrarouno ma-
abx O BemoareHo A(©) = A(0) + N (0)© + 9(©). Jdna onenku N (0) Bocmosib3yeMcs: TOIX0-
JIOM, TpeIozkeHHBIM B [15, ri1. 6.3]. IIyceTb Ayin — HauMeHbIee cOOCTBEHHOE 3HAUEHUE MATPUIIBI
(FHY™18(0) = (F1)™1Sy, a Zmin I Ymin — COOTBETCTBYIONTHE Ay IPABLIIL 1 JICBbIl COOCTBEHHBIE
BEKTODPBI TaKWe, 9TO Y. Tmin = 1. Torjga mpu 1octaTouHo Mabix O crpaseiinBo

Amin, eciu y;‘nin(Fl)*lS’(O)a:mm >0,

A©) 2 M = * 1\—1¢r * =1

Amin + Ynin(F7) 775 (0)Zmin, ecyIn Yrin (F7)775(0)zmin < 0.
IIycrh Amax — HamGoubiree cobersennoe suadenne Marpuisl (F1)71S(0) = (FNH7LS), a Zmax
1 Ymax — COOTBETCTBYIOIINE Apax MTPABBII U JIEBBIiT COOCTBEHHDBIE BEKTOPI TAKHE, ITO Yoo Tmax =
= 1. Torga npu JA0CTATOYHO MaJBIX O CIIPaBEIIUBO

)\max + y;ax(Fl)_IS,(O)xmaxv Setal y;:nax(Fl)_IS,(O)'rmaX 2 07

<\ —
A©) < X { Amax, ecu y;aX(Fl)_IS'(O)a:max < 0.
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Teopema 3. Ilycmv mampuya éosmywenuic R umeem eud (12). Obosnanum dy = 1/,
dY =1/X\y. Bubepem 0 < v; < 1, v3 > 1. IIycmo wucaa d5 u dy 3adaromes dopmyaoti (10). To-
2da cywecmeyem ¢ < 1 maxoe, wmo 6 obaacmu Q, 3adasaemoti pasercmeom Q = {xz: O(x) < c},
ona ecex di u do maxuzr, 4wmo d(l) <d <dy < dg ynpasaenue, zadasaemoe gopmynroti (7), pe-
waem 3adawy (di,da)-r0karvr020 pobacmmozo nosuyuonnozo curmesa. IIpu smom mpaexmopus
cucmemvt (2), 6vixodswan u3 npousdeosvhol nauasvhot mouku x(0) = xg € Q, oxanwusaemcs
6 mouke x1(T) = 0 6 nexkomopwili kKorneunwd momenm epemernu T = T(xg,dy,ds), das Komopozo
svinoanena ouyenra (11).
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Po3p’sa30K 3a/1a4i pobacTHOrO IMO3UIINTHOTO CUHTE3Y JIJisi KAHOHIYHOT
CHUCTEMU

XapbkiBcbkuil Harionasbuuit yuisepcurer im. B. H. Kapasina

Poszasnymo 3adaui 24000001020 & AOKGADHO20 POOGCTMHO20 NO3UUTTHO20 CUHMESY 00MEINCEH020
KEPYBAHHA CUCTIEMONO 3 HeGidomum obmesrcernum 30ypenmam. Poszs’asox basyemvesa na memodi
Ppynxuii keposarocmi B. 1. Kopobosa. 3naiideno natiwupwuti 6i0pi3ok 3MiHU MmedHc 30YyperHs ma
no6ydosaro Kepysanns, ske nepesodums JOGIABHY NOYAMKOSY MOYKY 68 NOUAMOK Koopduram 3a
CKInYeRHul wac 0aa 006iAbH020 30ypenns, Ake 3a0080AbHAEC obmesicerts. Ompumano ouinky Ha
yac pyry 3 J08IALHOT NOYAMKOBOT MOYKU 68 NOYAMOK KOOPIUHAM.

Karowost caoea: veton HyHKITT KEPOBAHOCTI, 3a/1aMa POOACTHOTO CUHTE3Y, HEBioMe 0OMeKeHe
30ypeHHs, TO3uIliiiHe oOMeKeHe KepyBaHHSI.

V.I. Korobov, T. V. Revina

The solution of the robust feedback synthesis problem for a canonical
system

V.N. Karasin National University of Kharkov

The problems of the global and local robust feedback syntheses of a bounded control for a system with
unknown bounded perturbation are considered. Our approach is based on the controllability function
method suggested by V. I. Korobov. We have found the largest segment, where the perturbation can
vary, and have given a positional control, which steers an arbitrary initial point to the origin in
some finite time for any admissible perturbation from this segment. An estimate of the time of
motion from an initial point to the origin has been given.

Keywords: controllability function method, robust feedback synthesis problem, unknown bounded
perturbation, positional bounded control.
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