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YOK 517.935; 681.5

Al Masko, C.H. Kycuii

CTABUJIM3ALIMA ITO BbIXO/1Y U B3BEILIEHHOE
TTIOJJABJIEHUE BO3MYILEHUN B IMCKPETHBIX
CUCTEMAX VIIPABJIEHMA

Beenenue

B cospemeHHOH TeOpHM YNpaBNeHHA LIMPOKO MCIONBL3YIOTCR HEMPEpPBIBHLIE U JIHC-
KpeTHbIC MaTeMaTHYeCKUe MOIEH YNpaBnseMbiX 00bEKTOB, COAEpKallHe Heonpe/e-
JICHHBIE 3JIEMEHTHI (MapaMeTphbl, HeNUHEHHOCTH, BHCIUHHME BOIMYLIEHHMA W T.m.). [as
TakuX 00BEKTOB 1ICPBOOYCPE/IHBIMH ABIIAIOTCA 3afaqyy podacTHON cTabuIu3aLiy, or-
TUMH3ALUH H HAeHTHHUKALIMN napameTpoB. C pasHooOpa3HbIMU NOCTAHOBKAMH 3a1ay
YNpaBiAcHUA B YCIOBHAX HEOHPECAENCHHOCTH B METOZAMM MX MCCIEI0BAHUA MOMKHO
O3HAKOMUTLCH, HAMMpUMep, B [ 1-6].

[lpu pelenun knacca 3anay Ho/ H, -ONTUMH3AIEH HeOOX0AWMO MOCTPOUTH 3a-

KOH ynpaBleHus, KoTopsli obecrienusaeT He ToNbKo {poGacTHYO) YCTOHYHMBOCTS,
HO U CHIKEHHME B OTPEIEC/ICHHOM CMbICIE OTPHLATENLHOrO BAMAHKA BHEIIHUX BO3MY-
HmeHHit Ha Ka4yecTBO vrhpasiusemoro odwekra. [Ipu ucciesoBanuyu yKasaHHOTO Kiacca
3a/1au MPUMEHAROTCS KAK YaCTOTHBIE METOMbl, TAK W METO/ibl MPOCTPAHCTBA COCTOAHHM,
[PUBOMALIHE K PELISHHIO MAaTPHUHBIX YPABHEHHH W HepaBeHCTR (eM., HampuMep, [1, 3-10]).
B kauecTse BHEITHKX BO3MYLICHUI pacCMAaTPHBAROTCA Kak BOIMYILEHUS, AeHiCTBYOUIME
Ha CHCTEMY, Tak ¥ OWMOKM M3MepseMoro Beixofa. Mepoll BIHSHUA OIPAHHYSHHBIX
BO3MYILEHWI Ha IUHAMUKY NUHEHHBIX 00BEKTOB ¢ HYJEBBIM Ha4allbHBIM BEKTOPOM sB-
NAeTCA MAKCHMAlbHOE 3HAYeHME OTHOIIEHHS L, -HOPM BEKTODOB BHIXOA H BXOja
(BO3MYIIEHHN), KOTOPOE COBMAfaeT ¢ H,, -HopMoi MaTpuuHOW nepepaTouHol dymnk-
win cuctemsl [1]. B [9-14] pacemarpusaiucs Gonee obiiMe KPUTEpUM KadecTsa, yuu-
THIBAIOLIHE HAYAIbHBIC BO3ZMYLUEHMS, BbI3BAHHLIE HEHYICBHIM HAYAIbHBIM BEKTOPOM.
Tpu 3TOM MCNONBL3OBAHNE BECOBLIX KOIPPULMEHTOB B 0D0OILEHHBIX KPUTEPUAX Kaue-
CTBA [03BONAET YCTAHOBHTEL NPHOPHTETHl MEMWIY KOMIIOHEHTAMH BBIX0/d, BHEIIHNX
W HAYambHBIX BO3IMYUIEHMH. AHATOTHUHBIE KPUTEPHUN KAaYecTBA C HCIIOJIL30BAHUEM
/> -HopM paccMaTpHBaTHCDL B 3aJadaX MOJABNEHUA BHEIIHMX H HaualdbHBIX BOIMYLIE-
nui auckpetneix cuctem [10, 15].

OTMETHM, YTO MHOTOYHC/ICHHBIE MMOAX0/bl K PEIISHUIO 33124 CTabHIH3AUH |
ONTUMH3ALNKE B YCIOBMAX HECTOXACTHYECKOH HEONPEAENEHHOCTH MPHBOIAT K JTH-
HEelWHBIM MaTpUuHbiM HepaseHcTBaMm (JIMH). MeTol MHBapMaHTHBIX ITUIICOMIOB
coBMecTHO ¢ TexHHko# JIMH rakske ycrnenHo npuMeHdeTcs B 3ajauax nojaBieHns
BHENIHHX BO3MYIIEHHI KaK HEMPepPbIBHBIX, TAK H AMCKPeTHBIX cHcTeM [16, 17]. s
peutenns JIMH cosmansl nocratouno 3¢dextusHbie cpeactsa LMI Toolbox xom-
nstorepHoli cucremut MATLAB [18].

Ha npakTike AUCKPETHBIE MOIEIM CHCTEM YIIPABICHUS WMEKOT ONMpeacleHHBIE
IPeUMYILECTBa N0 CPaBHEHHIO C HENPEphIBHBIMK, B 4aCTHOCTH, HCNONbL3OBAHKE PAZHO-
CTHBIX YpaBHeHUH jBiDKeHNs He TpeOyeT HCCIeNOBaHHs MaTeMaTHuecKux npobiem
CYLIECTBOBAHHA W EIAMHCTBEHHOCTH petieHni. Kpome TOro, pasHOCTHBIE CHCTEMbI
BIIOJTHE MPHUTOIHBI [UIA MX HEMOCPEJCTBEHHON HMC/IEHHOMN peajiM3allii MPOrpaMMHBIMU
CPeNCTBaMH KOMITBHOTEPHOM TEXHHUKY.

B pauuoli paboTe paccMaTpHBAKOTC KJACCh! QUCKPETHBIX NTUMHEHHBIX W HEJNHHE-
HBIX CHCTEM YMPABICHUHA, NPEACTABICHIILIX B BeKTopHO-MaTpuuHO#l dopme. [Tpeana-
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TalOTCs HOBBIE MOAXOMBI K PEIIEHHIO 3ajiad CHHTE3a CTaGHIH3UPYIOLIHX PEryIsTOPOB
no H3MEPAEMOMY BBIXOAY (pa3d. 2) W B3BEWEHHOTO MOAABIEHUS OTPAaHWYEHHBIX BO3-
MYILUEHHHA B JUCKPETHBIX cHCTeMax ynpasimenus (paszn. 4, 5). OCHOBHBIE Pe3YJIBTATHI
GOpMYNHDYIOTCA B BHAE aHANOrOB W3BECTHBIX YTBEPKAEHHI 1A HENpepblBHBIX
cucteM [9, 14] c ucrionp3opanueM Texnuxu JIMH.

Bynem wucnons3oBate chenyloume -o003HaueHus: [, -— eNMHHUHATL KXA-
marpuua; 0,,,, — HyJeBas #nxm-MaTpula; X=xT>0 (=0) — nonoKUTENLHO
(HeoTpHUATEIBHO)-0NpeACICHHAA CUMMETPHYHAs Matpuua; rank 4, det 4, p(4) u
ker 4 — COOTBETCTBEHHO paHr, HETEPMUHAHT, CIIEKTPAIBHLIN pajlyc U AApPO MaTpu-
ust A; {X)={ (X), i (X),iy(X)} — uvnepuus maTpuiml X =XT, cocrosias u3
KOJIMYECTB €€ MOJOKNATENbHEIX, OTPHLIATENLHLIX H HYJIEBBIX CODCTBEHHBIX YHCEN C
YyHETOM KpaTHOCTCIH; ”x[i — EBKNHIOBA HOpMA BEKTOpa X; ||w|fQ — B3BELICHHAA
[; -HopMa BEKTOPHOU mocmenoBaTeNbHOCTH Wy, f=0,1---5 Co{4, ..., 4y} — BbI-
MyKIIblil MHOTOTPAHHIK (IOIHTOI) C BEPUIMHAMH Aj, ..., A;, B IPOCTPAHCTBE MATPHULL

1. Bcnomorare/bHble YTBEPIKACHUS

Ilpy uecnenoBaHuy OIIOHHO-MATPUYHLIX BhIPAKEHHH HCIOIB3YIOTCA METOMb! MO-
HIJKEHHS pa3sMepHOCTH, B yacTHocTH Jemma Lllypa, dopmyna ®pobennyca u ap. [19].
Ilpuseniem u3BecTHbIE QOPMYJIBI AN WHAEKCOB WHEPUHH GlOYHON CHMMETPHUYHOH
MAaTpHLBL:

T . )
M={A4B | 44T c=C".
B C

Ecnu det A#£0, To
L (M)=i (A)+i,(C—BA'BYY, i (M)y=i_ (A)+i (C-B4™'BT). (1)
AwnaniornuHo, ecin detC =0, To

I, (M)=i,(C)+i,(A-BTCT'B), i (M)=i_(C)+i_(4-B'C'B). 2)

Uz dopmyn (1) u (2) BLITEKAOT COOTBETCTBYIOIIHE KPUTEPHH MONOKUTENLHOH
(HeoTpuuaTenbHoit) onpeaenenrocTy 6o4noli MaTpausl M (nemma [llypa):

M>0(=0)o 4>0,C-BAB >0 (20); 3)

M>0(20)& C>0, A-B'c™1B>0 (20). @)

O6oCmenus Gopmyn (1)—(4) B cayyae BHIPOKAESHHBIX JHAMOHANLHBIX OJIOKOB HME-
1ores B [10].

Jlemma 1 [8]. Jluneiinoe MaTpuuHOE HEPABEHCTBO

B XR+RIXTL <, ©)

re L, R u S=8' — 3azanusie MaTpHIbl COOTBETCTBYIOIUMX PA3MEpPOB px#,

gxn B nxp, UIMeeT pellleHHe X, eC/IH K TOAbKO €CIH BhITIOJHAESTCS OIHO U3 YC-
nosuii 1)-4):

1) rank L=n, rank R=n;2) rank L <n, rank R=n, WEISWL >0;

3) rank R<n, rank L =#, WESWR >0;

4) rank L <n, rank R<n, W] SW,>0,WiSWg>0:

MescoyHapoowetil HAQYYHO-MEXHUNECKUT HCYPHAT
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rae W, u Wi — Marpulisl, cTondibl KOTOpLIX COCTaBIAOT Ga3uckl COOTBETCTBYIOUINX
anep ker L w ker R.
Jemma 2 [14]. ing 3aganusix axp-matpuil X >0, ¥V >0 naucna y>0 cywe-

I

ctBytoT Matpuupl X} € R™”, X5 e R™7, ¥ e R u Y, e R™, ynosnersopsromue

COOTHOLICHHAM

5 (XX s |7 g sk
X= >0,V = >0, XV =v%1,.,, (6)
W K h
ECIIH U TOIBbKC €CIIH
[ X 11,
W= 20, rank W <ntr. (7
vty ¥

B [20] npu ycnoBusx semMMbl | npreeneno obIlee peireHne MaTpUIHOTO Hepa-
BEHCTEA (5) B mapaMeTpHyeckoil (opMe. YTBepKaeHHe teMMBl 2 B ciiyqae y=1 us-

BeCTHO (cM. [6, 9]).
2, CrabiiH3auns no H3IMeNsaemMoOMy BbIXGIY
PaccMOTpUM HeNWHEHHYI0 CHCTEMY YNPaBieHHsA ¢ IUCKPETHBIM BpEMEHEM
Xppy = A(x)x, + B(x )y, yp = C(x )% +D(x, )y, , (8)
rae x, € R”, u, € R™ u y, € R — BekTOPEI COOTBETCTBEHHO COCTORHIMA, yPaBACHMS
u u3mepsaeMoro Beixoaa, fe T={0,1,2,--1}, a A(x), B(x), C(x) u D(x) — 3aman-

Hble MaTpHHHble (QYHKLHHM COOTBETCTBYIOUIMX Pa3MEpOB, HEMPEPLIBHLIE B HEKOTOPOH
OKPECTHOCTH S = {x:u & Héh} Touku x=0. Ilpeanonoxum, uro rankB=m wu

rankC =1 u Hapsany ¢ (8) paceMOTDUM NHHEHHYIO CHOTEMY
X = Ax, 4 Buy, y, =Cxy + Dy, 9)
rae A=A40), B=B80), C=C{0) u D=D(0).
ChopmynupyeM yciioBus cTalHIH3HPYEMOCTH HYJIEBOTO COCTOAHMA x, =0 cHuc-

TeM (8) 1 (9) ¢ NOMOUILIO IMHAMUYECKOTO peryasropa
Erp1 =28 +Vyy, uy =Ug + Ky, , (10)

rae £, €R”, teT, r — nopsnox peryastopa, Z, ¥V, U u K — marpuusl, noa-
nexkautde onpeaenenuro, Coornomenus (8) u (10) MO¥HO peAcTaBUTL B BHAE CHC-

TeMBI YIPaBIEHHs B pacmupeHHoM (azoBom npoctpanctee R co cratuueckum
PerynaTopom:

Rl = AGOZ +B@E ), . 5 = CGO% + DRy, i = Ky, )

. . R . KU Ao A(xr) Oy
xl (= * W= Yt , W= e 5 K= 5 A{.‘{‘;) = 5
& & &+ v Z (L Der

- B(x) Opr |~ | CO) Oper | o D(x) 04y
B(xr): , Clx) = , D(x;) = 0 8 .

rae

Fxm r X ro rem Ve
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Ilpu yenosun K e Kp, rne Kp ={K :det(/,, — KD)# 0}, 3amkuyrtas nunennas
cuctema (9), (10) umeer Buz

=M%, M=A4+BDK)C, (12)
rae A= A(0), B=B(0), C=C(0), D=D(),

D(K) D 4

DK) = E , D(K)=(I,,- KD)"'K .
V(l;- DKy Z+vDXIL, - KDY U ( N
Cucremy (12) 6yaem HazpiBaThL P -yCTOHAUBOM, €CH CNEKTP MATPHLLI M pacro-

JIOKEH BHYTPH Kpyra {l:)k ‘ <p}, rne 0<p<1. Cnexrpansuslii 3anac YeToHYHBOCTH

P -ycToiunBOi cucTeMbl He MeHblie, yeM 1—p. CuMBonamu B u C' obosuaunm
QPTOroHaIbHbLIC JOMOIHEHHA COOTBETCTBEHHO CTOJIﬁLIOB MaTpHILbl B u CTPOK MaTpu-
usl C, T.€. B+ :WBT uct ZWJ.

Teopema 1. Cnenylomne yTBepkKICHH SKBHBAIECHTHbI!

1) cyiectByeT auHamu4deckuil peryaarop {10) mopsaka », obecneynsarouimii
P -yCTOHYHBOCTE 3aMKHYTOH cucTemsl (12),

2) cymiectsytoT MaTpunpl X M X, yAOBIETBOPSIONIHE COOTHOLICHUAM!

BT (axAT -p?X) B <0, (13)
X2X,>0, rank(X - Xp)<r, (14)
AX gAY =X & AXJE XN T O, AT (15)

3) cywectByror marpuupl X 1 Y, yloBneTsopsaoume cooTHomenusaM (13) u

o b W T (16)
XL,

W= =0, rank W <n+r, (17)
[1n ¥

Hoxazamenvemeo. CornacHo TeOpeMe .Ilﬂl'lyHOBa AN AUCKPETHBIX CHCTEM KPHUTE-

puem p-ycroiuusoctd cHeteMsl (12) saBngerca cyulecTBoBaHHMe MatpHill Ky M

o

X=XT>0 , YAOBJETBOPAIOUIMX MATPHYHOMY HEPABEHCTBY
(A+BRC)X(A+BRyC)T -p2 X <0. (18)
JaHHOe HepPaBEHCTBO TS HEKOTOPOH MaTpHIbl X>0 Pa3peILMO OTHOCHTENBHO K,

€C/IM M TOJIBKO €CAIH BBIMIOJHAETCH CHCTEMA COOTHOWIEHUH (CM. TOKa3aTeIbCTBO TEOpe-
Mer 6.1,1 8 [10])

BT (axaT - p2 Bt <0, AXAT - pX < AXCT(CXETY '\ CXAT . (19)
B nanHoMm cinydae

BT . s 1
go| B et act o, k- >0
| 0 Xy X

Mexcoynapoousili hayuHo-mexsuHeckuil }ypHai
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u corziacHo (opmyie @pobenuyca ana obpaweHus ON0YHOH MaTPHLLI HMEEM

i H™! ~Hex Xg
(CXET) = o |
alwet et pls ety el

| —
L

rae H = CXOCT, Xo =X—X1TX2_1X1. Hcrnonbeays OlI0YHYI0 CTPYKTYPY BbipaKeHU
B (19) u temmy Lllypa, MpUXOANM K 3KBHBANEHTHLIM cooTHOEHMAM (13)+15), B KOTOpBIX
rank (X — X) = rank X, <r . Cnefosare]bHO, yTBEpAKICHHA 1) 1 2) SKBUBATCHTHLL,

[Tokaxkem, 4to MaTpuLLl X H X YAOBIETBOPAIOT YTBEPKACHHIO 2), €CU H TOMb-

Ko ecau Matpuel X' u V=X ' YIOBIeTBOPAIOT yTBepkaeHuto 3). [Ipy 3TOM cooTHo-
menus (14) u (17) sxeuBanentHsl. U3 dopmyan (1) 1 (2) 11a GnouHoA MaTpHI!

=3 szO 0 A
Q= 0 0 C
7 LI s S

clielyeT, YTO MaTPHUYHOE HEPaBeHCTBO (15} IKBHBANIGHTHO COOTHOLICHUAM

A I,
Ao {C}XQIAT cT]—pPL

o ¢ ] ;[0
+_

1lpeoGpa3zoBas shipakenue Aj, NOayUUM

Xol1, 0], itag) =it n, 0,

Ay = X5'0 4], i(A) =4I, n0}.

+T 1
g 5 EQ 1 C+TZC+ p?.h I
Ay =p"GAG = | = s G=| i 0o |,
2 ! LT 2 :
0 crzct! | o2, 0 R
-0 “CTZCT C

rae Z= ATXEIA—szal. [Mockomeky (G — KBaApaTHas HeBIPOM/CHHAs MaTpulla

n i(E)=1{/;1,0}, To paBenctBo i/(A,)=1{/, n,0} o3Hauaer, 41O iy £l 0, T.e. BbI-
MOJHAETCS MATPUIHOE HEPABEHCTBO (16).

Teopema nokazasa,

OTmeTHM, YTO M4 BBITONHEHUS ycrosui (17) B yrBepwaeHuu 3) HeoOX0auMO,
qT00B! MAaTPULBl X 1} ObliH NONOKHTENBHO-ONPEAENCHHbIMU, PAHTOBOE OrpaHudeHne
B-(17) Bceraa BhIMOJIHACTCA B C/ly4ae AMHAMHYECKOrO PEryiasTopa mopsaka 7 = #, B 4a-
CTHOCTH, TOJTHOTO MOPSAKA » = k. DKBHBANEHTHOCTH YTBepkaeHuH 1) u 3) 8 Teopeme 1
ABJISCTCS. TAKIKE CIACACTBHEM JIEMMBI | 18 MATpUHHOTO HepaseHcTsa Jlamynosa (18),
NpeACTaBICHHOIO B BHAE

L'RsR+RTK{L<S, (20)
rue
2T o p?x ax| . Ko UDW
L=[-B" Opyrxnirls R=[01punsr CX], §= o |2 Ko = :
XAt X o Zy|
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Credcmeue. [1ycTh BBINOMHACTCA ONHO U3 YTBepiKAeHU# 2) unu 3) teopemsr 1 ans
nunelnol cuctemsbl (12) u f%o — pewenue JIMH (20), npuuem X - X, = XITXQ_]X],

KyeKp n 0<p<1 . Torna nunamMuueckuii peryasirop (10) nopaaka » ¢ MaTpHUaMK
K=, +KyDy 'Ky, U=(l,, +KyD)"'Uy,

V =VyU; + DKoY™, Z=2y-VoDU,, + KoD) Uy 1)
ofecnevyrBaeT aCHMITOTHYECKYIO YCTOHYHBOCTE HY/IEBOTO COCTOSHUS M KBaAPATHUHYIO

dynkimio Jianynosa v(x) = Xz 3aMKHYTOIf HenuHelHolt cuctenmnl (8 ), (10).

Jannoe yTBep:KAEHUE BHITEKAST H3 10KA3ATENBCTBA TEOPEMBI | U PeANONnoKeH!s
0 HempepbIBHOI 3aBHCHMOCTH OT COCTOSIHMSI MATpuuHbBIX KO3((HLIeHTOB B cHcTeMe (8)
(cM. IOKa3aTeNbCTBO AHAJIOTHMHOTO YTBEPKIEHHA AMS HEnpepsiBHLIX cuctem [13]).

Cootnomenua (21) npuseaeHsl Ha OCHOBE ClelylOLIEro cBoficTea omepatopa D(K):
Ky =D(K) = K=-D(-Ky) .

Ha ocHoBe Teopemsbl | ¥ CIEACTBUA | MOXKHO NMPEJUIOKHTE CHEAYIOUMH alropHT™
TIOCTpOeHHA AMHaMuueckoro peryaatopa (10) mopsazka r <n, obecmeuuBawoero
p -ycToYMBOCTE NUHEHHON cHcTeMsl (12), a Takke acCHMOTOTHYECKYIO YCTOHYHBOCTH

HYJIEBOTO COCTOSHMA 3aMKHYTOI HenmuueHHoi cuerems! (11):
1) ompeneneHye Matpull X' W X, YA0BRETBOPAIOLIMX cooTHOWEHNUAM (13)~15);

2) nocTpoeHHe pa3noxeHns X0MeUKoro HeoTPHLATEILHO ONPeieeHHOH MaTpHLbI
X-Xo=X1X 20, tne X, eR™, rank X; <r;
3) pewrenine JIMH (20) oTHOCHTENBHO 1‘:’0 npu ycaoBmwaxX Xy =/, n KgeKp;
4) peruucrieHHe MaTpul perynsropa (10) no gopmynam (21).
3. B3peweHHblii ypoBeHb raill¢Hus orpaHHMeHHB!IX BOIMYIHEHH

PaccMOTpUM HEAMHEHHYIO AMCKPETHYHO cHeTemy 0e3 ynpasieHus:
X1 = A(x)x; + B(x )w, , vy = Clx,)x, + D(x )w, (22)
KoTopad (PyHKLUHOHWpYET B HexoTOpoH ofnacti da3oBoro npocrpaHcTsa Sy, coaep-
xaweit Touky x=0.3mecs x, eR", w,eR™ u y, e R — BEKTOPbl COOTBETCTBEHHO
COCTOAHYSA, OTPAHMYEHHOTO BOSMYILCHUS W BBIXOJA CHCTEMBI, [ € T, a A(x), B(x),
C(x) u D(x) — 3amaHHble MaTpU4HbIe QyHKUKMY, onpeleletnbie B S,
BBeneMm kpuTepuii kauecTsa cHeTeMb! (22) OTHOCHTENILHO BEKTOPA BLIXO/A!

Ji= sup o(w, xg), (23)
0<;:| w |i +x;-,[XDxU <00
rae

|71,

2 T
\‘m W ]I p X0 Xoxg

2 |

2.2 T 2 2T
o(w, xp) = y5|0=2y; Oy » ]“"”p=2“’t Pwy,
T =0 t=0

p=pP'> 0, 0= QT >0 u Xy= XOT >0 — U3BECTHBIE MOOKHUTEIBHO-OMpPEAeNeHHbIE
marprusl. [lpd 3ToM npeanonaraem, HTO HAYa/ILHLIH BEKTOp Xy B ofuieM ciydae
HEHYJIEBOH M Hew3BECTHBIN. XapakTepucTHKY J B chyyae (UKCHPOBAHHOIO BEKTOPA

xg =0 obosnauum Jy . Ouesunmo, uto Jy <J .
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3HaueHue J XapakTepusyeT B3BELIEHHbIH YPOBEHL IalieHUs BHELIHHMX U HAYsib-
HbIX BO3MYILEHHH B cucTeMe (22). AHANOrHYHBIH KDHTepHil KayecTBa IS HETIpephIB-
HBIX CHCTEM B CTy4ae BecoBLIX MaTpuu P=1[;, O=1I; u Xj= p2 !, paccMaTpuBaics
B [9]. Cnyuait monoxuTeNbHO-0ONpeNeNeH oM MaTpuLsl X obliero BHAa paccMaTpu-
pasica B [10-15]. Mcnone3oBanue BecophlX Matpun P, O w X M03BONAET 3aj4aTh

NPHOPHTETHI CPEIK KOMIIOHEHTOB BEKTOPOB BHELIHHX BO3MYLUEHHHA, BBIXOAA I HAYATb-
HOF0 COCTOSIHUSA TIPH QOPMHPOBaHMHM 3HA4CHHH XapakTepHeTuk J u Jy .
Onpedenenue 1 [10]. Cuctema (22) Ha3bIBaeTCA HEIKCNIAHCUBHOM, €CIIM €€ BEKTOD

BbIX0Ja 11pH Ji00oM N >0 yl0BneTBOpsET YCIOBHIG
N

N
) Pog: 120
> v 0y <Y W, Pw, +xg Xox .
=0 t=0
JI8 HEe3KCMAHCHBHOM CHCTEMBbI BBIIIONTHACTCS OLeHKa J < 1. BBI3BLIBAIOT HHTEpEC

YCIIOBHA, NPH KOTOPBIX J <Y, B 4ACTHOCTH Jy <7, A4 M0GOro Hamepea 3aIaHHoro

3Ha4eHus y >0,

Jlemma 3 . Tlycts cytuectpyer Marpuua X = X 15,8 Taxas, uto

2 =X +0T "(x) AT (x)XB(: it
O(x) = A" () XA(x) - X +C ()QC(x) 4" (x)XB(x)+C " (x)GD(x) <0 (24)

BT (x)XA(x)+ DT(x)0C(x)  BY(x)XB(x)+ D' (x)OD(x)-y2P
npu awdom xe8y. Toraa nas cucremsl (22) BelitonHaeTea ouenka Jy <v. Ecnu
K TOMY Ke
O<X{y2X0, (25)
To J<y.
Horasameabcmeo. Ins nepsoit pazHocth dyHkimu Jlamyrnosa v(x) = x" Xx B cu-

my cuctemst (22) ¢ yuerom (24) u (25) noayuaeM COOTHOWEHAS

o X
v(x,_H)—v(xf}+y;rny —yzw‘,TPw, = [x} w,r] Dlx,) l I—I, x;€8y,teT,
L]
N N
v(xy4q) —vxg) + z y;[QyI — 72 Z wf! Pw, <0.

=0 t=0
Orcrionanpn N — o0 rMeeM

Iy < 2wl + 58 Xos0) . 00n 7)<

4T0 03HavaeT J <y . B uacTHOCTH, npi X =0 BHINOJHAETCA OLEHKA Jy S 7.

Jlemma nokazaHa.
PacemoTpum nojkitace IMHeHHBIX cHCTeM BHIaA (22)

Xy =Ax, +Bwy, v, =Cx; +Dw,, 1€T. (26)
Jlemwma 4. [ina nuneitnoit cuctemsl (26), y xotopoit p(4) <1, BBITIONHAETCA cTporas
OLEHKa Jyy <Y, ECITH H TOJIBKO €CITH CYILECTBYCT pellcHue X = xT >0 JMH

[a"x1-x+¢cToc 4"xB+C 0D

®, = ; : )
" |BTxa+D0C  BTXB+DTQD-y?P

<0. @27)

bonee toro, J <y, ecnu v ToAbKO ecnu cuctema JIMH (25) u (27) coBmecTHa,
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YTBG]J}K,EIEHﬂe JOCTAaTOYHOCTH JTeMMbl 4 BBITEKAGT M3 JI0KA3aTesibCTRa JIEMMBI 3.
YTBCP}KREHHﬂ HeoOX0AMMOCTH YCTQHABIHBAOTCA NMYTEM NpeACTaBIEHWA XapakTe-
PHCTHK J(J H J aHa10ru4HbIMU BhIpAMEHHUAMHA C €IHHHYHLIMHU BECOBBIMH MATPHIAMH

(cM. mokaszaTenbcTBO eMmel 2 B [13], a tatoke B [15]). Bawkusiv crencteueM nemmsi 4
ABIAIOTCS METOMBI BBIYUCIEHHA KPHTEPHEB Kavectsa Jy M J nuHeHOH cucTeMbl (26)

Ha OCHOBE PCHISHUA COOTBETCTBYHOILNX ONTHMH3ALIHOHHBIX 3a1a4:

Jo =infly: @, <0, X >0}, J =infly:d, <0,0<X <y*Xy}. (28)

4. InnaMHYeCKHH PEryasitop ¢ BOIMYLIeHHAMH

PaccmoTpuM cucteMbl ynpasnenus (8) u (9) ¢ AMHAMUYECKHM PETYIATOPOM
§:+1=Z§c+V)’nlf;=U5;+Ky;+wf, §9=0, (29)

e & €R" u w, € R™ — BeKTOPHI COOTBETCTBEHHO COCTOAHHS PEryJISTOPA M BXOIHBIX
CUrHanoB (BHeWHUX Bosmyienuit), Z, V', U n K — maTpulipl, nojiexatise onpeiene-
Huio. Ipu yenosun K € K 3amiuyTtas nunetisas cucrema (9), (29) umeer BHIL,

%,y = Mx, + Nw,, y, = Fx, + Gw,, (30)
roe
e Xy & Xp - A+BKOC BUO ~ N oA
& [ir}xﬁ [0} { Wwe i

-

F=[C+DKyC, DUy)=C, + D,KyC, G =D+DKyD=D+DyKyDy,

~ | B ~ | D . - - Ky U
hely | ol | aslen) iloonl ko= 0 0]

Orxm Orxm
Ko =D(K), Uy =(I,, -kD)'U,
Vo =V, -DK)™, Zy=2Z+VD{,-KD)\U.

Hns cuctemsl (30) onpenenum kpurepuu xavectsa Jy u J tuma (23) c Beco-

BRIME MaTpullamMu Q, P u X . [lockonbky &y =0, To 3nadeHue J 3aBHCHUT JHIIb

OT MEepBOro nuaroHanbHoro 61oka Xy MaTpHibl XU JTe J=J.

Hac uHTEepecyOT 3aKOHb! YIPaBIeHHS, KOTOPble MUHHMH3HPYIOT AaHHbBIE KpUTe-
pHM KauecTBa M obecneumBarOT CROHCTBO HEIKCIMTAHCHBHOCTH COOTBETCTBYHOMIEH
3aMKHYTOHM CHCTeMBbl. 3aKOHBI YNpaBieHMs, obecnedHBaloline 3aMKHYTOH cHCTeMe
HauMmeHbliee 3Hauenne Jj(J), HasoseM Jy-onTumanbHeiMK (J -ONTUMANbHBIMH).
ANTOPUTMBI MOMCKA TAaKWX YNpaBlieHHit MOMHO peann3oBaTh Ha OCHOBE TOCTPOCHHA
BEPXHHX OUEHOK ia Jy u J.

Teopema 2 . Jlng nuneiinoit cuctemsl (9) cylecTByeT AUHaMHIeCKUH perymaTop (29),
ofecrieunBaroiuit KputTepuit kauectsa J <y, €CIM M TOJBKO €CH ANA HEKOTOPBIX

matpuy X = XT>0 uv=Y">0 srnonuserca cucTema cooTHOmEHMH (7), (25)mn
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1| AT XA~ x+cToc AT xB+C oD
Wg : Wg<0, (3D
BTx4+D'0Cc  B'XB+D'OD-v*P
| A¥A" -Y + BP7'BT AyCT + BPTIDT

Wy : W, <0, (32)

cyA* +DP 8T cyct+DP DT -4
rze R=[C, D], L=[B", D"].

Hoxazamenvemso. CornacHo nemme 4 oueHka J <y ans cuctemsl (30) sxBuBa-
JIeHTHA COBMEeCTHOCTH COOTHOILIEHU I

M XM~ X + FTOF MY XN + FT0G

e . <0, (33)
NTXM+GToF  NYAN+GT0G ~y2P
o | X x! é Xy X

0<X= Playlig=y3 70 710 (4)
X Xy X10 X20

Cootsomenue (33) Ha ocHose nemmet Llypa npeacrasnm B Buae JIMH otho-
cuTENnbHO Kj:

_ TR R+ BRI 46 <o, (35)

rae R=[C D, 0 01=R, E;, L=[0 ¢ BT DJ1=1L, E,,

. [cpoo]l . [oo BT pT
RIZ 4 L|= 3
00 7,0 07, 0 0

(1, 0 0 0 [Tiipsm @ 0 0] X o AT &f ﬂ}
004, 0 0 0,0, |0 -2 B DT |
£ = » By =/ 2o N . (-
017. 0 0 0 i, 0¢6 A B -X1 o |
R A Sy 0 0 0 J _f‘l D 0 _Q*lJ

TIpu atom orpannuenue (25) cremyet u3 (34).

Y fus: 2 v “] - i) 'r A y — T -
YuuteiBas Beipakerus V =y X, Wy = E WR1 W =E WLl , Tae

WR 0 | {rx+_”+m 0
We=| 0 0 |.wp=| 0 0]
0 ‘rn+r+z’ 0 WL

i npumensts temMy 1 g JIMH (35), a taxke nemmy 2 i1 67104HBIX MATPHIL Xu };,
TIONYyYHM KPHUTepHil cyllecTBoBaHus peuteHus Ky B Buge cootHowenuit (7), (25),

(31) 1 (32), 3aBUCANIUX THLIL OT NEPBHIX AHAaroHaAbHEIX 650K0B X 1 ¥ Marpuu (6).
Teopema nokasaHa.
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3ameuanue 1. TIpu MCnonb30BaHKWM JMHAMMKYECKOTO perynastopa (29) monHoro
nopsifika ¥ =xn paHroBoe orpaHudeHue B (7) BBINOJHAETCS aBTOMATHUECKH H OLEHKA
J <y B Teopeme 2 onuckiBaercd B e cuctems! JIMH orHocutensho X u Y.

3amevyanue 2. MoxHo NMoKa3aThk, HTO KPUTEPHEM CYLIECTBOBAHHA CTATHYECKOro
perynsaTopa fne BeIXony u, = Ky, +w, , TapaHTHPYIOLIEro oUeHKy J <Yy, ABIAETCH CO-
BMECTHOCTh CHCTEMbI cooTHomeHuit (25), (31), (32) m XY = ?21,,. JlaHHBIE COOTHO-
IIEHUA B CJIy4ae CTaTHYECKOro peryasropa no coctoaumo (C =17, D=0) csomarcs
k cucteMe JIMH oTHocurensho Y :
p BT Xy I, B-T(uvd"-v)Bt B T4y

>0, >0, <0.
B Y I, ¥ YA B* ¥ <y20!

5. IMCKpeTHBIE CHETEMBI € YNIPABASEMbLIMHA H HAGIIOAaeMBIMH BbIX0AAMH
PaccMOTpHM CHCTEMY YIpaBlieHHsA
Xyl = AQx )%, + By (xp)w, + By (x, )y,
zp = C(x)x, + Dy (e )wy + Dy (xpJuy, (36)
Y = Ca(x)x; + Dy (x)wy + Doy (x )y,

rie x,€R”, u, eR™, w,eR®, z;eRF u y,eR! — Bexrophi coorsercTBenHO
COCTOSHHSA, YNPABIEHHs, BHELUIHUX BO3SMYLIEHHH, ynpasnseMoro u HabmomaeMoro
BeIX0108B, ¢ €T. Ilpennonaraem, uto Bce MatTpuuHbie GyHKUMU B (36) onpeneneHsl
¥ HENpepbIBHbI B HEKOTOPOH OKpeCTHOCTH Sy cocTosHuA x, =0. J{ng maHHOl cuc-
TeMbl OyEeM paccMaTpHBaTh KPUTEDHH KauecTBa THNA (23) OTHOCUTENIBHO yrpaBs/se-
MOTO BbIXO/a

(37)

|2
Jo= sup > 0 X
0 e [ 3
Cumponom Jy mno-mpexxxnemy ofo3nadaeM 3HaueHue J B ciydae (PMKCHPOBAHHOIO

Ha'lallbHOT'O BEKTOpa X = 0. Hac HHTEPECYIOT 3aKOHLI YNIpaB/ieHHA, KOTOPLIE rapaH-

THPYIOT POOACTHYIO YCTOHYHBOCTL HYJIEBOTO COCTOSHHA 3aMKHYTOH CHCTEMBI W MH-
HUMI3NPYIOT KpUTepHu kauectsa Jy u J suna (37).

CdopmynupyeM aHanor Teopemsl 2 11 NOAKIacca JHHEHHBIX cHcTeM Buaa (36)
C yNpaBiAeMbIMH H HaOII01aeMbIMH BBIXOIAMH:

X1 = Ax, + Byw, + Byuy,
2 = C1X; + Dyywy + Dyptyy, (38)
Vi = Cox, + Dyyw, + Dyguy,
HCIONB3ys AHHamuueckuit peryastop (10) ¢ HavyansHeiM BekTopoM &g =0. Ilpu
yenosun KeKp, - samkuyras cucrema (10), (38) npusogutes k Buay
£141 = ME,+ Nw,, 2, = &, +Gw, , (39)
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rne

" A+ By KqCy ByU SR
. _[xr],M:{ 28oC2 B2 0} bR

=A+B, ;
‘ ol Zy 0

F = [+ DaKoCy, DiaUg)=Cy + DK G,

G =Dy + Dy3KoDy) = Dyy + DKo Dy,

a4 0] A By Opr] - Cy Oper |
A=|: nr:',82:[ 2 nr:|’C2=]: 2 Vi J,
OP‘XH 0?')(!‘ Orxﬂf fr Orxﬂ If'

W B} N DZ] [ - : - rKD UU
B = , Dy = , =101 0] D =[Di 04 1. Ko Z[ :
xE

0, rxs
311ech HEU3BECTHBIMM ABNAIOTCA OI0KH MaTpPHIb( [’:/0:
Ko =L, —KDy) 'K, Up =(1,, = KDyp)™'U,
Vo =V(I; - DypK)™', Zy = Z +VDy(l,, ~ KDy) U,
KOTOPBIE OJIHO3HAYHO ONpeAe/siOT HCKOMbIE MaTpuLbl peryasaTtopa (10):

K =Ly + KoL) Ko, U =l + KoDa)™'Us, (40)
V= VO(.IJ + D22K0 )_1, A ZO = V0D22(Im + KUD22)_1L'FO.

Iepenumem cootHowenue (33) ang cucremsl (39) s sBuge JIMH (35) orHocu-

TeNeHO Ky ¢ MaTpHIaMu

1, 00 o0 P"”“ 000 X 0o AT &
0 - e nl T
Bl 0% 1 Il T B et L S I )
07,0 0 0 1, 00 A B -X1 o
0 0 0 Jpirir 0 0 01/ € By 0 =g

Bpluucnas MaTpHLbI W‘,}_, Wﬁ U npuMeHas jeMmbl 1, 2, 4 (cM. 10Ka3aTenbCTBO TEO-

peMsl 2), nonydaem clleayroinii pe3ynbTar.
Teopema 3. s nureiinoii cucremsl (38) cymuecrsyer auHamuyeckuit peryastop (10)
€ HYJIeBBIM HaYabHLIM BEKTOpOM, obecrednBaioiuii KpuTepui xadyectsa J <7y, €Clii

W TONBKO €CITM [UIS HEKOTOPBIX MaTpPHIL X=X">0 n Y=y">0 sumonusercs
cucrema cootHowmeHu# (7), (25) n

T 4T x4 v«cToc, AT 08
W][A XA-X+C{QC, 4" XB +Cy QD Wy <0, 42)

1 i X
Bl xA+DhoC,  BIXB +DloD ~y*P
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o Ava® -y + BP'B] avcl +BP7'D ]
w) W, <0, (43)
ayAT + by P '8l el + by P D -0
rie R=[C5, Dy(], L :[Bg, DITZ]-
B3ameuanue 3. TIpn HCTIONB3OBAHMH IMHAMUYECKOro peryngropa (10) moaHoro

NopAAKa ¥ =71 PaHroBOE OrpaHv4eHHe B (7) BLIOMHASTCS ABTOMATHYECKH M OLEHKA
J <y B Teopeme 3 onuceiBaercs B Buie cucteMst JIMH oTHocutensno X u Y.

3ameuanue 4. MoxHO MOKa3aTh, YTO KPHUTEPHEM CYIICCTBOBAHMA CTATHUECKOTO
PEryisTOpa 1o BhIXOAY U, = Ky, , rapanTHpPYIOWEro OUeHKY J <Y, ABIAETCA COBME-
CTHOCTb CHCTEMEBI COOTHOIIEHuE (25), (42), (43)u XY = yzf'n‘ JlaHHbIE COOTHOLIEHUS
B Clydyae CTAaTHUECKOTo perynaropa mo coctoauuio (Cp =1,, Dy =0, Dyp =0)

ceozaTes k cucteme JIMH otHocuTensHo Y, cocTosdmie u3 HepaBeHcTs (43) U

P”o 1, P—y2DloDy, BT
>0
l__‘!ﬂ Y By 4

Jameuanue 5. Ecom K € KDn , To det ({,, — KDy {(x))#0 mpu xeSg, e S —
HEKOTOpas OKPecTHOCTb ToukM X =0 u HenuHelinas 3amkHyrasd cuctema (10), (36)
NPUBOAMTCA K BULY

Xp41 = M)X + N(x)w,, z, = F(x)% +Glx,)w; , (44)

rie Bce MaTpuuHble KOIPQULUHEHTH HEMpepbLIBHO 3aBUCAT oT Xx; €Sp. Jlemma 3
MOXET UCIIONB30BATLCA NPH OLEHKe KPHTEPHER KaduecTsa Jy v J HAHHON CHCTEMBbL.
Ecnn paccmatpuBath BXOAHON CHPHAN W, KaK CTPYKTYPUPOBAHHYIO HEONpeleNeH-

HOCTh B BHAC NHHEHHOHA 00paTHOi CBA3HM 110 YIIPABIAEMOMY BBIXOIY
w=y'0z,0PO<Q, 1T, (45)

rae © — HeM3BECTHAs MaTPHULA U3 3aJaHHOTO MLIMIICOMAA, TO JAMHAMHYECKHH pery-
natop (10) B Teopeme 3 obecreynBaeT pobacTHYIO YCTOHUHBOCTE HYJIEBOTO COCTOSA-
Hus x; =0 cucTeMsl (44) ¢ NaHHOI HeONpeIeeHHOCTEIO. DTOT (PAKT ABIACTCA ClE/l-

cTBMeM TeopeMsl 1 u3 [21] ¢ yueToM cooTHomeHus (33) u nemmel Hlypa.
_ IIpuBeneM anropuTM MOCTPOEHHA IHHAMHYECKOTO PErynaTopa, YIAOBIETBOPAIO-
LIEr0 YTBEPHKASHHAM TEOPEMBbI 3!

1) Beiuucnenue Matpul, W w Wy rne R=[C,, Dy1], L= [BZT, DiTz];

2) onpefeneHue MaTpUl X=X"s>0uv=y" >0, ynoBIeTBOPAIOIIHX COOT-
HoweHnam (7), (25), (42) u (43);

3) noctpoenue painokenua Xomemkoro Z=Y -y° X ' =8TS, rpe kerS=kerZ,

s X v xSt
S eR™" u dopmuposanue 6104HON MaTpUIBl X = :
ylsx y2sxst 41,

4) pewenne JIMH (35) ¢ matpunamu (41) OTHOCHTENILHO I%O NpH OrpaHHYEHUH
det (Im + K{)DZZ) #0 .;

5) Berucnenue marpull peryaitopa (10) no dopmynam (40).

[Tpumenerye JaHHOTO anropuT™a 6e3 orpaHiieHns (25) npUBOAUT K oueHKe Jy <7,
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Ha ocHose nemmsl 1.5.3 [10] moxuo chopmyauposaTs ananoru teopeM 2, 3 u
COOTBETCTRYIOIINE ANTOPUTMLI pobacTHol crabuimszauun cucteMsl (38), B KOTOPHIX
YUHTHIBAIOTCA HEOTIPENEeIeHHOCTH MAaTPUIHBIX K03((hULHEHTOB

AeCoid!,.., 4%}, B e Co{Bl, ..., B}, C e Co{Cl, ....C!}, Dy € Co{Dy, ..., DY}

ITpy 5TOM KOJMHUECTBO MATPHUHBIX COOTHOUIEHMi, OMMHCHIBAIOIINX OLEHKH
Jy <y u J <y, 3aeucur o1 Belfopa HaGopPOB BEPUIMH JAHHBIX MOIHTONOB.

6. YucsenHblit npumep

ITpoaeMOHCTPUPYEM HBIOKEHHBIH TOAXON K B3BEIICHHOH IHMCKpeTHOH H.,, ~OnTH-
MH3allMH Ha [puMepe yrrpaB.rmeMDI'& I[Byx;“aCCOBOﬁ MEXaHHYECKOH CHCTEeMEL, I{aHHaﬁ
CHCTEMA COCTOHT M3 IBYX TBEPOBIX Tel ¢ MacCcamMu fiy | W1y, COEIMHEHHBIX pr}KHHOﬁ

¢ KO3(Q(QHUMEHTOM YINPYTOCTH k& M CKONB3SMHX 0e3 TpeHWs BIONb HETOABMIKHOIO
TOPH3OHTAIBHOIO cTepsiHs. HenpepbiBHas Mofie/b BO3MYLIEHHBIX KoTeGaHni CHCTEME]
C yHpaBIfeMbIMH 1 Ha6moTaeMBbIMU BBIXOJAMU ONHCHIBAETCA YpapHeHMsmMH [17]

X=Ax+ B w+ Byou,

z=Clx+ Djyw+ Dysu, (46)
v =Cyx+ Dyyw+ Dy,
rie
EN [0 0 10] [0 o0 0] =
%) 0 0 01 o 0 0 0
. X e —kimy kfmy 00 = Im 0 0 R0 1/my ‘
| X | | kfmy —kjmy 0 0] L 0 1/my 0] | 0 |
0000] 1000 1] 001
G = L Cy= s Dii=033, Dip=| |, Dy = » Dyp = 0.
0100] 0100 0 000

Vopagisiouiee Bo3ACHCTBHE ¢ Ha TENO ¢ MACCON my NMPUMEHASTCA B LENAX CTa-

Ounuzaluy CHCTEMBl M MHHUMM3ALUMK BJIMAHHS BHEHIHMX M HAYANILHLIX BO3MYIIESHMH.
KOMIOHEHTEL W H Wy BEKTOPa BOSMYLIGHMH W BO3OEHCTBYIOT COOTBETCTBEHHO HA

MEpBOe M BTOPOE TeJ0, a KOMIOHEHTY W3 COACPKMT M3MepAeMblil BBIXOX

y= [xl + Wy xz] I, Kowmowenravn YIPABAAEMOTO BLHIXONA Z ABAAKTCS YIPaBlIeHHe
U CMellleHHe BTOPOro Tena X .

JuckperHas Mozenb BO3MYILEHHLIX koneGanuii cucTeMsl onucEBaeTea B BHae (38),
rae

T T
A=e", By = [ % B dt, By = [e' "By,
0 0

T — [Iar JUCKPETH3AMMH, @ 3HAYEHMS OCTANBHBIX MaTPUHHABIX KO2((HIIHEHTOB IIPH-
BemeHn B (46).
Jannas cuctema Ges yripasneHus Heycroituusad. [lonaras

m =05, my=1, k=2,1=0l1, P=diag{p, py. p3}, O=diag{g,.qn}, Xy =414,
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e p=pr=2, p3=05 n g =g =01, ¢ NOMOMmBIO NPHUBEJEHHOTO AITOPUTMA

MPOBOAMIAC, MUHHMH3AUYS NapaMeTpa ¥, IPH KOTOPOM BBIIOIHAIOTCA yenosus (7),

(25), (42) u (43) Teopemsl 3. B pesynsrare npu v = 0,984 npubnmxeHno rnonyueH

J -onTuManbHH auHammgeckuit peryasrop (10) nopsnka » =4 ¢ MaTpuLEMHA

K =[-0,55838 —2,48726] , U =[-0,03419 2,16121 3,17227 0,03458],

0,00045 0,00512 |

~0,11062 0,19995
V=

i 0,07103 0,06702

1

| -0,04030 —0,05621|

[~0,00001 —0,00449 —0,00483 —0,00144
0,00309 0,67937 -0,01313 ~0,24402
0,00134

|—0,00186 0,26189 0,01718 0,95941 |

~0,04211 0,79986 0,06285

KOTOPBIH 00ecredrnBaeT HEAKCIIAHCHBHOCTE H P -YCTOHYMBOCTE 3aMKHYTOH cucTeMsl (39)
(p=0,98609), npu arom Jy =0,74219 u J =0,98389 .

Ha octoBe (opmysn (28) uzyuena 3aBUCHMOCTE XapakTepneTuk Jy # J 3aMKHyTOM
cucTeMHl (39) OT MeXaHUUECKHX MapaMeTpoB /my, My, U k, 2 TAKKe AMarOHAIBHEIX

2/IeMEHTOB BecoBoH Matpuust O (puc. 1-3). 3nadenue .J XapakTepH3yeT YpoBeHb

ramenus KoneGaHW B CHCTEME, 3aBHCH-
IMUX OT BHEIIHWX BO3MYLIEHHI U HA4alb-
HOro BekTopa. JlaHHas xapakTepucrika
YBEJTHUMBACTCA NPH YBEIHYEHUH MAcchl A1)

¥ YMEHBLUIEHUM MACChl My B PACCMATPH-
BaembIX Tiperenax (em. puc. 1). Ha puc. 4
110Ka3aHO MOBEAEHNE KOMMOHeHT (azo-
BOI'0 BEKTOpa X, cucrTemsl Oe3 ynpasie-
HMS, @ Ha PHC. 5 — TOBEJICHHE COOTBET-
CTBYIOLIMX KOMIOHEHT ()a30BOTO BEKTO-
pa samxnyrodt cuctemsl (39) mpm
YKa3zaHHBIX 3HAUEHHAX TapaMeTpoB H
HauanbHOro Bexropa xp =[1 —1 2 —Z]T.
[Tpu sTOM BXOIHOIl cUrHAT W, BhIOpan

-1 =
B Buae (45) ¢ MaTpuieii © :x/F E\[Q 7

P
- e

. e,
e i T

L 3 P
0 : i

1.1

iy © 08 04

Puc, 1

rae E=[1, 03] T, P =diag{2;2;0,5;, =01/, vy=0984. B sTom cayuae BsI-

MOMHAETCSA PABEHCTBO ®'Pe = Q.

2 i
ey

1.8
Lor
J
Jﬁl,‘l
1,27
1t
0,8

0.6
1,2

Puc. 2

Mexcoymapodustii HAOYHHO-MEXHUYECKIE JCYPHAN

«lIpoBaentor yapassenus u ungopmamuxuy, 2007, Ao 6

Pue. 3



0 20 40 60 80 100 0 20 40 60 80 100

Puc. 4 Puc. 5
JaknroyeHune

B naunolt pabore copmMynMpoBaHbl KpHTEPHH CTAOHIM3UPYEMOCTH 110 BBIXOMLY
NMHeHHbBIX AUCKPETHBIX CHCTEM YIPABICHHA C MOMOUIIBK) NMHAMHYCCKHX PEryNATO-
POB MPOM3BOJIBHOIQ MOPALKA. ﬂﬂﬂ Kjacca JUHeHHBbIX AHCKPETHBIX CHCTEM C ynpas-
JTACMBIMH H Haﬁnmnaemmmn BBIXOAaMH paspaﬁo'raﬁu METOIbl MOCTPOCHHUA NHHA-
MUYECKHUX PeryisiTopos, obecrneyMBaOMMX AHellaeMys OUEHKY B3BEUIEHHOIO YPOBHA
NOJaBACHHUA BHEIIHHX H HaydaJbHbIX BOBM}'[U,EHHF’L ﬂ,aHHbIe METOIRI NpH OlIpeie-
JICHHBIX MPEeNrnoJIOKECHHUAX MOTYT MPHUMEHATLCH K HEKOTOPBIM Kllaccam HEeIHHEHHBIX
AHCKPETHBIX CHCTEM YTIPaBICHHA.

Yucnenuaa peanusaund nMpeaioKCHHbLIX 3dKOHOB YNPABNEHWA B BHAE CTATHYECKHUX
PErYIATOPOB MO COCTOAHHIO HWIH AWHAMHYECKHX DEryjasaTOpPOB MMOJIHOTO MOpAdkKa Mo
Hafimonaemony BLIXOOY CBOOMTCA K PEIICHHK) CHCTEM JUHERHBIX anreﬁpamlecmx
MaTpHHHLIX HEPABEHCTB. IIJUI 3TOro MOTYT MCIIOJIB30BATBCA, HAllpHMED. 3(1)¢GKTHBHI;I€
BhIYHCAUTENBHbIE cpeacTBa LMI Toolbox cuctemer MATLAB.

O.I' Masko, C.M. Kyciii

CTABUIIBALA ITO BUXOAY 1 3BAXEHE
[TOI'AIIEHHA 35YPEHDL ¥V JIMCKPETHUX
CUCTEMAX KEPYBAHH

Jlist neAkux KIacis JHCKPETHHX MiHIHHUX | HeniHifinuX cuetem kepyBaHHs copmy-
JABORAHO YMOBH cTafiTi30BHOCTI [0 BUXOAY 38 HOMOMOTOH JIHHAMIYHHX PeryJaTo-
pis. Jl1s IMCKPETHHX CHCTEM 3 KEPOBAHUMH | CTIOCTEPEAYRAHHMH BHXOMAMH 3arpo-
NOHOBaHO MeToau noGyn0BH CTATHHHHX Ta JAMHAMIMHMX PErynsTopie, ski zaleine-
4YIOTh 33/jaHy OUIHKY 3B@KEHOI0 PIBHA IaCiHHA J0BHIMIMIX T4 NOYATKOBHX 30YPEHD.
Peastizauis naHux MeToiB 3 BUKOPHCTaHHAM CTaTHYHMX PEryJsTOpiB 3a craHoM abo
JMHAMIMHHX PEryTAaTOPiB MOBHONO NHOpAAKy 0asyeThes Ha po3B’a3aHHi cvcTeM Jti-
Hiftnux marpuunnx HepisHocTeH. HaseaeHo npukiaj cuHTesy peryasropa s
7IBOMACOBOI MEXaHiqHOT CHCTEMH.

A.G. Mazko, S.N. Kusii

OUTPUT STABILIZATION AND WEIGHTED
SUPPRESSION OF DISTURBANCES IN DISCRETE-
TIME CONTROL SYSTEMS

Stabilizability conditions for some classes of discrete-time linear and nonlinear
control systems are stated. Methods for constructing static and dynamic controllers
that provide specified evaluation of the weighted damping level of external and initial
perturbations are proposed for systems with controllable and observable outputs. The
implementation of these methods with the use of a static state feedback or a full-order
dynamic controllers is based on the solution of linear matrix inequalities systems. An
example of control system for a two-mass mechanical system is given.
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