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POEACTHAfl CTAEHJH13AIJJUI H OI(EHKA 
<l>YHKI(HOHAJIA KA qECTBA HEJIHHEMHhIX 
,[(HCKPETHhIX CHCTEM YITP ABJIEHIDI 

BBe)J.euue 

B IIpHKJia)J.HLIX HCcne)J.OBaHIDIX B03HHKalOT 3a)J.aqu auanma H CHHTe3a CHCTeM 

yrrpaBneHIDI, MaTeMaTuqecKue Mo;:i;enu KOTOpLrx co;:i;ep)KaT ueorrpe;:i;eneum.1e 3neMeHTL1 

(napaMeTPLI, <l>YHKQHH, cnyqaiiHLie B03MymeuID1 H T.n.). MeTo;:i;1>1 H3~eHID1 H 11.ocTH

)KeHIDI noKa3aTeneii KaqecTBa TaKHX CHCTeM H, rrpe)l()J.e Bcero, ycTOHqHBOCTH COCTOH

HHH paBHOBeCIDI no3BOnHIOT c BbICOKOH Ha)J.e)KHOCTblO ncnonb30BaTb TeopeTuqeCKHe 

BblBO)J.bl 0 )J.HHaMHKe peanLHLIX yrrpaBnHeMLIX o6neKTOB (CM., uarrpHMep, [1-5]). 
HyneBoe COCTOHHHe HenHHeHHOH CHCTeMbl yrrpaBneHHH c )J.HCKpeTHLIM BpeMeHeM 

x1+1=f(x1,t,p)+B(x1,t,p)u1, x1 ERn, u1 =Kx1 eRm, t=O,l, ... , (1) 

Ha3bIBaeTCJI po6acrno yCTOHqHBbIM OTHOCHTellbHO 3a)J.aHHLIX MHO)KeCTB napaMeTPOB 

Pc Rr H K03<l><l>HQHeHTOB MaTPHQLI ycuneHIDI o6parnoii CBUH Kc Rmxn, ecnH OHO 

ycToiiqHBo no llim:yuoBy rrpH nI06hlx <l>HKcupoBaHHLIX p E P n KE K. 311.ecL f O n 

BO - cooTBeTcTBeHHo BeKTopHaH H MaTPuqHaH <l>YffKQHH, rrpuqeM f (0, p, t) = 0. Ec

nu f(x, p, t) = A(x, t, p)x, r;:i;e AO - MaTPuqHaH <l>YHKQIDI, TO rrpu perneHHH 3a11.aq 

po6aCTHOH YCTOHqHBOCTH H CTa6HnH3aQHH CHCTeM THIIa (1) y;:i;o6eo ucnOnL30BaTh Mero

)J.bl KBa)J.paTffqHbJX <l>YHKQHH llim:yHOBa v(x, t) = x T x,x c MaTPHQaMH x, = x l > 0. 

B KaqecTBe MHO)KeCTB ueorrpe11.eneHHocm P H K cucreMLI (1) o6LNHO ucnon1>3y

IOTCH HHTepBanLI, nonHTOIIhl, a<l><l>HHHLie H 3JlJIHIICOH)J.anLHbie MHO)KeCTBa MaTPHQ H 11.P· 
flpuqeM HHTepBanLHLie H a<l><l>HHHLie MHO)KeCTBa MaTPHQ MOryT 6LITh OIIHCaHbl B BH)J.e 

MaTPHqHbIX nonHTOnOB. IlpH OIIHCaHHH Heorrpe11.eneHHOCTeH H ycnOBHH po6acrnoii ycroii

qHBOCTH CHCTeM yrrpaBneHHH B nonyyrropJl)J.oqeHHbIX rrpocrpaHCTBax MO)KffO ucnonL30BaTb 

KOttyCHLie HepaBeHCTBa H KOttyCHLie HHTepBanLI [6, 7]. 
B MHOroqncneHHLIX pa6oTax B TepM.HHax nnHeHHbIX MaTPffqHblX HepaBeHCTB 

(JIMH) nonyqeHLI )J.OCTaroqHbie ycnOBIDI YCTOHqHBOCTH llHHeHHLIX CHCTeM yrrpaBne

HIDI c Heorrpe;:i;eneHHLIMH MaTPHQaMH K03<l><l>HQHeHTOB H o6paTHOH CBJl3H no H3MepHe

MOMy BblXOiJ.Y. c o63opoM 3a;:i;aq H H3BeCTHbIX MeTO)J.OB aeanma po6acTHOH ycTOHqH

BOCTH H CTa6HnH3all,HH CHCTeM yrrpasneHHH MO)KHO 03HaKOMHTbCH B pa60Tax [8, 9]. 
CneeyeT OTMeTHTb, qTo MHOrHe 3a)J.aqu crn6unmall,HH H onTHMH3aQHH c )J.HHaMffqe

CKOH o6paTHOH CBH3bl0 O:J;OC) CBO)J.HTCH K auanoruqHLIM 3a11.aqaM co CTaTuqecKOH 06-

parnoii CBH3bl0 (COC). 

,ll;aHHaH rry6nHKaQIDI nOCBHIQeHa pa3pa6oTKe HOBblX MeTO)J.OB aHanH3a po6aCTHOH 

ycTOHqHBOCTH, CTa6unmaQHH H onTHMH3aQHH uenHHeHHbIX pa3HOCTHbIX CHCTeM 

ynpaBneHIDI c o6paTHOH CBH3bl0 no H3MepHeMOMY BblXOiJ.Y, co;:i;ep)KaIQeMy KOMnOHeH

Tbl KaK $a30BLIX nepeMeHHLIX, TaK H yrrpasneHIDI. HcnonL3YH H pa3BHBaH pe3yn1>TaThl 

© A.f. MA3KO, JI.B. EOfMlfOBJl!q, 2013 
92 ISSN 0572-2691 

pa6oT [4, 10, 11 
BOCTH eyneeoni 

pHQaMH K03C1+! 

IQaH $YHKUU J 
B pe3yn1>nrre n 

TeM. IlpHMeeea 

perneHIDI JIMH 
THBHaH npo~ 

Hcno~ 

uyneBaH n x 111-1 

;:i;eneHHaH cHJGm 

eoe) co6c111e1B 

pa)J.HyC) Malpllll 

MHororpaIDDm 

Co {A1>···,Ar)= 

PaccMOl)Jm 

onucLrnaeM}'IO I 

%1-4 

r11.e x1 eRn, ~ 

H H3MepHeMoro 

B BH)J.e CQC DO 

., 
r11.e K - 3JIDllJ 

KOTOpoe orrpeai 

COOTBeTCTBYJOll 

paseHCTB [12). 

MHO)KeCTBO (4) 
cnyqae m =I a 

3aBHCHMOC 

HOH H .II.IHI npoc: 
BhIKJla)J.Kax ORR 

Cornaceo~ 

[~ 

r;:i;e G=lm -K, 

r;:i;e 5 0 ={xe, 

x1 =0 sneqer 

MeJICOyHapoiJm.Di a 
((flpo6ReMbl ~ 



IHI 

I 

lCA 
IHbIX 

I aurre3a CHCTeM 

mmwe 3JieMeHThI 

IJ"CIDUI H J{OCTH

llllm<>CTH COCTOH

.. TeOpeTWieCKHe 

..,, [1-5]). 
l:llBolM speMeHeM 

=0. I, ... , (1) 

mc1B napaMeTpOB 

:R•xn, ecJIH OHO 

c:K. 3.neci. f 0 H 

f(O, p, t) == 0. Ee

~ pememm 3a,n,aq 

m>JIL30BaTb MeTO-

T Ix, =X, >0. 

aliwqeo HCDOJ1h3y

am. MaJpHU H JlP. 
II> ODHC8Hhl B BM.Ile 

lpo6acnmii ycroii

..., HCDOJlh30BaTb 

llBWX uepaseHCTB 

t CBCTeM ynpasne

cmoe no H3MepHe-

6craoit ycrowrn:-

1 • pa6<rrax (8, 9]. 
~ c JlHHaMWie

:o CTaTll'leCKOH 06-

maBB3a po6acTHoil: 

IJll()CTHhlX CHCTeM 

l:mllCM)' KOMnOHeH

llallBaJI pe3yJILTaThl 

ISSN 0572-2691 

pa6oT (4, 10, 11], <J>opMyJIHpYIOTCH )lOCTaTOqHhle ycJIOBHH aCHMilTOTWieCKOH ycTOffqH

BOCTH ttynesoro COCTOHHHH ceMeil:cTBa CHCTeM ynpasneHHH c Heonpe)leJieHHhlMH MaT

pHIJ,aMH K03<J><J>mJ,HeHTOB H COC no H3MepHeMOMY BhlXOJlY. OnpeJleJIHIOTCH TaK>Ke 06-

IIJ,aH <i>YHKIJ,HH J!HnyHoBa H BepXHHH OIJ,eHKa KBa.npaTWIHOfO <J>yttKIJ,HOHaJia KaqecTBa. 

B pe3yJILTaTe npe)lJlaraIOTCH HOBbie MeTO.llhl OilTHMH3aIJ,HH .naHHOfO ceMeil:cTBa CHC

TeM. IlpHMeHeHHe nonyqeHHhlX pe3yJILTaTOB CBOJl,HTCH K perneHHIO CHCTeM JlMH. Amr 
perneHHH JlMH c nocTOHHHhlMH MaTpHIJ,aMH MO)J(eT npHMeHHThCH JJ,OCTaroqHo 3<J><J>eK

THBHaH npoueJlYPa B cHcTeMe MATLAB. 

llcnoni.3yeM cneJJ,yroIIJ,He o6o3HaqeHHH: In - eJlHHWIHaH n x n -MaTpHIJ,a; Onxm -

ttyJieBaH n x m -MaTpHII.a; x = x T > 0 (~ 0) - noJIO)J(HTeJlhHO ( HeOTpHIJ,aTeJlbHO )-onpe

)leJieHHaH cHMMeTpWIHaH MaTpHII.a; Amax (X) (Amin (X)) - MaKCHMaJlhHOe (MHHHMaJih

uoe) co6cTBeHHoe q11cno 3pMHTOBoil: MaTpHIJ,hI; cr(A) (p(A)) - cneKTp (cneKTpaJILHLiil: 

pa.neyc) MaTpHUhI A; II x II - eBKJIHJlOBa HOpMa BeKTopax; Co {AI>···, Ar} -Bi.myKJihlH 

MHororpaHHHK (nonHTon) c BeprnMHaMH Ai. ... , Ar B npocTpaHCTBe MaTpHU BM.Ila 

Co {Al> ... , Ar} ={A= f a;A; :a;~ 0, i = 0, fa;= l}. 
i=l i=l 

1. Po6aCTH3H CTa6HJIH33Il,HSI HeJIHHCHHLIX CHCTCM 

PaccMOTpHM JJ,HHaMwiecKyro cHcTeMy ynpaBneHHH c JJ,HcKpeTHLIM BpeMeHeM, 

onHChlBaeMyIO pa3HOCTHhlMH ypaBHeHHHMH BHJJ,a 

x
1

+1 = A(x1 , t)x1 + B(x1 , t)u1 , y 1 = C(x1 , t)x1 + D(x1 , t)u1 , (2) 

r.ne x
1 

E Rn, u
1 

E Rm, y
1 

E R 1 - BeKTOphl cooTBeTCTBeHHO cocTOHHHH, ynpasneHHH 

H H3MepHeMOf0 BhlXO)la 06'beKTa, t = 0, l, 2, .... YnpasneHHe CHCTeMOH ocymecTBJIHeTCH 

B BHJJ,e coc no BbIXOJlY: 

u
1 

= K(x,, t)y1 , K(x, t) = K*(x, t) + K(x, t), K(x1, t) EK, (3) 

rJJ,e K - 3JlJIHnCOHJJ,aJibHOe MHO)J(eCTBO MaTpHIJ, B npocTpaHCTBe R mx/ BHJJ,a 

K={K:KTPK~Q}, (4) 

KOTOpoe onpeJJ,eJIHIOT CHMMeTpWIHbie nOJIO)l(HTeJihHO-onpeJJ,eJieHHbie MaTpHIJ,bl p H Q 
cooTBeTCTBYIOIIJ,HX pa3MepoB m x m H Ix I. B CHJIY 3KBHBaJieHTHOCTH MaTpWIHLIX He

paBeHCTB [12] HMeeM 

KTPK~Q. [:~ ~]~o, KQ-lKT ~P-1 , 
MHO)J(eCTBO (4) MO)J(HO onHcaTh TaK)J(e B BHJJ,e K={K:KQ-lKT ~P-1 }. IlpH 3TOM B 

cnyqae m = 1 JJ,aHHbIH 3JIJIHnCOHJl onHCbIBaeTCH CKaJIHpHbIM HepaBeHCTBOM . 

3aBHCHMOCTh OT x1 Ht MaTpHIJ, A, B, C, D, K+ e K 6y.neM cqHTaTi. HenpepbIB

HOH e MH npocTOTLI He YKa3hlBaTb. MaTpHIJ,bI P e Q nocTOHHHLie, xorn B JJ.aJILHeil:rnHX 

BbIKJiaJJ,KaX OHH TaK)J(e MOryT 6hlTb <J>yHKIJ,HHMH x, H t. 

Cornactto (2)-(4) .llOJI)J(HO BbIITOJIHHTLCH HepaBeHCTBO 

Cxl, ul][CT(Q-K!PK*)C CT(QD+i[PG)][x']~o. 
(DTQ+GTPK.)C A u, 

rJJ,e G =Im - K+D, A= D T QD- GT PG. IlpeJJ.nOJIO)l(HM, qTO 

A(x,t)<O, xeS0 , teT, (5) 

rne So={xeRn:llxll~h} - oKpecTHOCTh roqKH x=O, T={0,1,2, ... }. TorJJ.a 

x, = 0 BJieqeT u, = 0 H x, == 0 HBJIHeTCH COCTOHHHeM paBHOBeCHH CHCTeMbI. B .llaJib-

MeJK:oyHapooHb1u HllJ!"HO-mexHu11ecKUu :HCYPH(lJI 
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HeH:weM npe.nnonaraeM, qTO .uaHHOe COCTOHHHe paBHOBeCHH H30JIHpOBaHHOe, T.e. OKpe

CTHOCTh So He co.uep)l<HT .upyn1x COCTOHHHH paBHOBeCHH CHCTeMhl. 

3a.uaqa COCTOHT B IlOCTPOeHHH ycJIOBHH, npH KOTOpblX ttyJieBoe COCTOHHHe 3aMK

ttyTOH CHCTeMhl ynpaBJieHHH (2), (3) aCHMilTOTuqecKH ycTOffiHBO no llimyHoBy ,!lJIH 

mo6oH: MaTPHUbI K E K. MaTPHUa K. BhI6HpaeTCH ,!lJIH cTa6HJimaUHH, HanpHMep, 

B TOM cnyqae, Kor.ua ttyJieBoe COCTOHHHe CHCTeMhl 6e3 ynpaBJieHHH (u, = 0) HeycTOH

qffBO. ,[(ml ee HaxO)K,!leHHH TaK )Ke, KaK H B cnyqae Henpepb!BHhIX CHCTeM, Heo6XO,!lHMO 

pa3pa6aTbIBaTh cneUHaJihHhle MeTO.!lhI. 

BBe,!leM Ha MHO)KeCTBe MaTPHU KD = {K: det Um -KD) * O} npH Ka)K.!lOM t ET 

HeJIHHeHHhIH oneparnp 

D:Rmx/ ~Rmxl, D(K)=(Im-KD)-1K=K(I1-DK)-1. 

Mo)KHO ycTaHOBHTh cne.nyrow.11e csoH:cTBa .uaHHoro onepaTopa: 

I) ecnH KE KD, TO 

D(K) = K[I1 + DD(K)] H I1 + DD(K) = Ui -DK)-
1
; 

2) ecJIH K1>K2 E KD, TO K3 =Um -K1D)-I K1 E KD H 

D(K1 +K2) = D(K1)+D(K3)[I1 + DD(K1)]; 

3) ecJIH KE KD, TO K. =-D(K) E KD H 

D(-D(K)) = -K. 

(6) 

(7) 

(8) 

TioKa)KeM, qrn npH ycnOBHH (5) 3aMKttyTaH CHCTeMa ynpaBJieHHH (2), (3) B OKpeCT

HOCTH ttyJieBoro COCTOHHHH npe.ucTaBJIHeTCH B BH,!le 

x1+1 =M(x1,t)x1, M(x1,t)=A+BD(K)C. (9) 

Ih (5) cne.uyeT, qTO MaTPHUa G HeBbipO)K,!leHHaH H np11 mo6hIX x E S 0 H t ET on

pe.ueneHhI 3HaqeHHH D(K.) onepaTOpa (6). EcnH KE K, TO onpe.ueneHhI TaK)Ke 3Haqe

HHH D(K) H D(K), r.ue K = a-1 K. }J;eHCTBHTeJihHO, npH ycnOBHHX (3) H (5) HMeeM 

DTKTPKD5,DTQD<GTPG, FTPF<P, 

r.ue F = KDG-1, P > 0. flo3TOMY p(F) <I H MaTPHUa Im - F HeBhipo)K.!leHHaH, a BMec

re c HeH MaTPHUbl Im -KD =Um - F)G H Im -KD = a-1
um -KD) TaK)Ke HeBhI

po)K.!leHHhie. l1cKJIIOqaH BeKTOp ynpaBJieHHH H3 COOTHOllieHHH (2) H (3), nonyqaeM CHC

TeMy (9). B qacTHOCTH, np11 K = K. HMeeM cHcTeMy 

x1+1 =M.(x1,t), M.(x1,t)=A+BD(K.)C, (10) 

ttyJieBOe COCTOHHHe KOTOpOH ,!lOJI)KHO 6h1Tb aCHMilTOTuqeCKH ycTOffiHBhIM. CornacHO 

CBOHCTBY (8) onepaTOpa D ,!lJIH .uocTH)KeHHH )KeJiaeMhIX CBOHCTB H, B qacTHOCTH, yc

TOffiHBOCTH ttyJieBoro COCTOHHHH CHCTeMbl (10) ,!lOCTaToqHO o6ecrreqHTh 3TH CBOHCTBa 

CHCTeMe c MaTPHU:eH: M * = A - BKC. 

IlOJiyqHM peweHHe IlOCTaBJieHHOH 3a,!laqH MeTO,!lOM KBa.upaTuqHblX <PYHKU:HH JlH

rryHOBa, HCilOJih3YH cne.uyiow.ee yTBep)K,neHHe. 

JleMMa 1 [11]. flycTh BbIIlOJIHHIOTCH MaTPHqHbJe HepaBeHCTBa 

DTQD+R-P<O, U R-P DT 5,0(<0), 

l
w UT vT 1 
V D -Q-1 
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T 
r.ue P = P > 0, Q = ! 
XO,!lHIUHX pa3MepoB. 1 

w+uT04 

.!lJ1H mo6oH: MaTP~ 

,ll;aHHOe yraqm; 
qeHHOrO B [13] npm i 

pHU: D, R, PH Q. 
TeopeMa 1. Dyll 

HHeTCH CHCTeMa Mall! 

r!x, 
r.ue M. = A+BD(I 

qHBaeT acHMIITOTWI 

<ilYHKU:HIO llimyllml 

/{0KG3ame.1w:m 

ei\\ x 1\
2 

5,v(x1 ,t):S• 

ny CHCTeMhl (9) 8 GI 

1 

,!lOCTaToqHO BhlOOll 

Ml 

TipH 3TOM corllKI 

x1 = 0 ,!laHHOH C9CI 

YcnoBHe (14)1 

sup 
xES0 ,tET 

HapH.uy c (14) 

r.ue Mo =M(O,t) 
oKpeCTHOCTh S0 , 

BO (7) oneparopa I 

W +UTD(j 

T 
r.ne W = M. X1+1· 

Me:JICOyHapooHblU .,.. 
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..,oaamme, T.e. oKpe-

111.. 

moe COCTOj(HHe 3aMK

- no llimy1msy tlJlj( 

!IWKJal{RH, HaIIpHMep, 

• (11, = 0) Heycrnil:

~ Cllt'TCM, Heo6xo.LJ.HMO 

II ope KIDKJlOM t E T 

->-•. 
.-= 

r•; 

(6) 

(7) 

(8) 

- (2). (3) B OKpeCT-

(9) 

• x e 50 u t E T on

__.., TIUOKe 3Haqe-

-(3) H (5) HMeeM 

-.-neIDIM, a BMec

• -KD) TaIOKe HeBhI

t•(l), nonyqaeM CHC-

(10) 

• ...-..imLIM. CornacHo 

a .. B 'lacTHOCTH, ye

~ 3TH CBOHCTBa 

lllftllYX «i>YHKUHH Jfa-

-
I). 
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r.LJ.e P=PT >0, Q=QT >0, R=RT ;:::O, W=WT sO, U, V HD -MalpHI.lbIIIO.LJ.

xoJV1mID{ pa3Mepos. Tor.LJ.a 

w +UTD(K)V + vToT (K)U + vToT (K)R D(K)V s 0 (<0) 

tlJlj( mo6oli: MarpHllbl K E K = { K : KT p K s Q}. 

)J;aHHOe yTBep:lK.LJ.eHHe j(BJij(eTCj( o6o6meHHeM aHaJiorwrnoro pe3)'JihTaTa, no11y

qeHHoro B [13] npH HeKOTOphIX )J.OIIOJIHHTeJihHhIX orpaHlf'leHHj(X OTHOCHTeJihHO MaT

pmi; D, R,PH Q. 
TeopeMa 1. IlyCTh tlJlj( HeKOTOphIX E; > 0(i=0,1, 2) npH xt = 0 H t ET BhIIIOJI

IDieTCj( CHCTeMa Marplf'IHhIX HepaseHCTB 

Etln sXt sE2/n, (11) 

T T T B Xt+1B+D QD<G PG, (12) 

l 
T T 

M. Xt+IM• -Xt +Eoln M. Xt+1B 
T T T B X 1+1M. B X 1+1B-G PG 

c. D 

er 1 D~ sO, 
-Q-1 

(13) 

r.LJ.e M. =A+ BD(K.)C, c. = C + DD(K.)C. Tor.LJ.a mo6oe ynpas11eHHe (3) o6ecne

qHBaeT aCHMIITOTlf'leCK)'lO )'CTOHqHBOCTh H)'JieBoro COCTQj(ffHj( CHCTeMhl (2) H o6myio 

cpyHKUIDO JfanyHoBa v(x, t) = xT Xtx. 
,l(OKa3amellbCm6o. <l>yHKQHj( v npH ycJIOBHj(X (11) )'.ll.OBJieTBOpj(eT ou;eHKe 

Edi x 112 s v(x1, t) s E2ll x 11
2

. ,lI.mI Toro qT06hl nepBaH pa3HOCTh )J.aHHOH il>YHKUHH B CH

JIY cHcTeMhI (9) B OKpeCTHOCTH S0 ToqKH x = 0 y.LJ.oBJieTBOpMa ou;eHKe 

v(Xi+1>t+l)-v(x1,t)s-Ellxi 1\2, E>O, !ET, 

)J.OCTaToqHo BhIIIOJIHeHHj( Marplf'IHOrO HepaseHCTBa 

T M (x, t)Xt+1M(x, t)-Xi +Eln sO, XE So, t ET. (14) 

IlpH 3TOM cornaCHO )J.HCKpeTHOMY aHaJIOry BTOpoil: TeopeMhl funyHoBa COCTOj(HHe 

Xi = 0 )J.aHHOH CHCTeMhl paBHOMepHO acHMTITOTlf'leCKH )'CTOHqHBO . 

Yc11osHe (14) 03HaqaeT, qTo 

sup µ(x,t)s-E, µ(x,t)=AmaxCMT(x,t)X1+1M(x,t)-X1). 

xES0,tET 

Hapj(.LJ.Y c (14) paccMorpHM yc11osHe sup µ(O, t) s -Eo, T.e . 
IET 

MoTXi+1Mo-X1+EolnsO, tET, (15) 

r.LJ.e M 0 = M(O, t), Eo > E. l13 coo6pa:lKeHHil: HenpephIBHOCTH j(CHO, qTo cymecTByeT 

OKpeCTHOCTh S 0 ToqKH x = 0, tlJlj( KoTopoil: (14) cJie.LJ.yeT H3 (15). I1cnoJih3)'H csoil:cT

so (7) 011eparnpa D npH x1 = 0, nepenmneM Marplf'IHOe HepaseHCTBO (15) B BM.LJ.e 

w +urD(K)V + vror (K)U + vror (K)RD(K)V so, xi= o tE T, 

T T T 
me W=M.X1+1M.-X1 +Eoln, U=B X 1+1M., V=C., R=B X 1+1B. IlpH3TOM 

K EK<::> k =G-1K EK ={K :KT PK ~Q}, 

MeJ1COyHapooHb1ii Hll)"IHo-meXHU'leCKUii JIC)lpHaJI 
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me P =GT P H (5) RBJUieTcR cne,!l.CTBHeM (11), (12). 11crronb3YR neMMY 1, rronyqaeM 

ycnOBHR (11}-(13), IIpH KOTOpbIX BbIIIOnHReTCR MaTPffqHOe HepaBeHCTBO (15) H ttyne

BOe COCTORHHe 3aMKttyTOH CHCTeMbl (9) aCHMIITOTffqeCKH ycTOffqHBO rrpH mo6oM 

yrrpaBneHHH (3). 
TeopeMa AOKaJaHa. 

OTMeTHM, qTQ B [4] Ha ocHoBe TaK HaJbIBaeMoro caoH:cTBa Heymep6uocTH S-rrpo

ueAypb1 rronyqeuo auanorffqHOe yTBep)l(,!l.eHHe c rrocTORHHOH MaTPHUeii X B cnyqae 

P = Im, Q = µ/ z, r,!l.e µ - paAeyc ycTOffqHBOCTH MaTPHU o6parnoH: CBR3H K AJUI nH-

ueiiHbIX aBTOHOMHbIX CHCTeM (2). 3aMeTHM, qTQ MaTPHUbl p H Q1 = Q-I BXO,!l.RT nH

HeHHO s cooTHoIIIeHHR (12) H (13), rrpffqeM (12) RBnReTcR cneACTBHeM CTPororo uepa

aeHCTBa (13). Tio:noMY 3TH MaTPHUbI uapRAY c X 1 MO>KHO cqHTaTb uemaeCTHbIMH H 

orrpe,!l.enRTh c IIOMOIUbIO 3tPtPeKTHBHOH rrpoue,!l.ypbI CHCTeMbI MATLAB. 3rn pacmH

pReT B03MO)l(HOCTH MeTO,!l.HKH KBa,!l.paTHquoH: CTa6HnH3aUHH [ 4] KaK MR nHHeHHbIX, 

TaK H MR uenHHeiiHblX CHCTeM. 

Tipe,!l.IIOilO)l(HM, qTQ CHCTeMa (2) rrpH Xr = 0 H t E T HMeeT Heorrpe,!l.eneHHble K0-

3tPtPHUHeHTLI. I:iy,!l.eM HCIIOilb30BaTb, uarrpHMep, cne,!J.yIOIUHe ycnOBHR: 

A E Co {AJ, ... ,Ar
1 
}, BE Co{B1,. . .,Br

2 
}, CE Co {CJ, .. ., Cr

3 
}, 

K.=O, DECo{Di,. . .,D,
4

}, 

(16) 

(17) 

r,!l.e x1 = 0, t ET, a 3a,!l.aHHLie ua6opi,1 nocTORHHblX MaTPHU A;, B 1 , Ck H Ds RBnRIOT

CR BepmHHaMH HeKOTOpb!X rronHTOIIOB B rrpocTPaHcTBax Rnxn, Rnxm, R/xn H R/xm 

COOTBeTCTBeHHO. 

JleMMa 2. AnR mo6bIX ua6opoB HeOTPHUaTenbHbIX qttcen a i' p j H y k> B CyMMe 

paBHbIX 1, H mo6b!X MaTPHU x = x T :?: 0 H K COOTBeTCTByIOIUHX pa3MepoB BbIIIOnHR

eTCR uepaBeHCTBO 

r1 '2 r3 

(A+BKC)T X(A+BKC)~ LL :La;P JYk(A; +B1KCk)T X(A; +B1KCk), 
i=I J=lk=I 

r1 '2 r1 '1 '2 r3 

r,!l.e A= :La;A;, B= :LP1B1, C= LYkCk> :La;= LP1 = LYk =1. 
i=l j=I k=I i=I J=I k=I 

)l;aHHoe yrnep>K,!l.eHHe ycTaHaBJIHBaeTCR rryreM yMHO>KeHHR oqeBH,!l.HbIX HepaBeHCTB 

T - -- --
(Mijk-Mpqs) X(Mijk-Mpqs):?:O, i,p=l,rl> j,q=l,r2, k,s=l,r3, 

r,!l.e M iJk = A; + B 1 KC k> M pqs = AP + BqKC s, rrocneAoBaTeni,uo ua a;, p 1, y k> 

a p' p q' y s H HX cyMMHpoBaHHR. 

TiycTu BLmonHRIOTCR ycnOBHR Heorrpe,!l.eneHHOCTH (16). Tor,!l.a cornacuo neMMe 2 AJUI 

nI06oH: MaTPHUbl K MaTPttqHOe uepaaeucTBo (15) BblreKaeT H3 CHCTeMLI uepaaeHCTB 

MJkxt+IMiJk -Xr +eoln ~ 0, i = 1, rl> j = 1, r2, k = 1, r3, t ET, 

r,!l.e MiJk =A;+ B1D(K)Ck· CneAoBaTenhHO (cM. AOKaJaTenhCTBO TeopeMbl 1), MR 

BbIIIOnHeHHR ycnOBHH (12) H (13) TeopeMbl 1 ,!J.OCTaTQqHO BbIIIOnHeHHR COOTHOJIIeHHH 

T T T 
B1Xr+1B1 +D QD<G PG, (18) 
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[MJ,x~ 

rAe MiJk =A; +BP, 

pyeM auanorH'IHOCy 

C!lei>cmeue. 0,. 

[ 
rAe i=l,11, j=l,PJ 
o6ecrreqHBaeT ac11111 
ueorrpeAeneHHOCllll 

3aMe'lOH1le. Cll 
rrpH peUieHHH o6pm 

MaTPHUbI X = XT : 
CTPOHTb ceMeiicm9 

3tPtPHUHeHTOB (16).1 
HeH3BeCTHblMH 6yJQ 

Ho-orrpe,!l.eneHHWr: • 

2.0uema1 

PaccMOTpRlll m 

lu(Xo}= 

rAe x0 - BeKYOp 1 

MO>KHO 3aBHCJIIIIS • 

Tpe6yeTCJ1 ca 
qeCKyIO yCTO~ 

r,!l.e ro > 0 - HemJ 

PemeHHe -

llimyuoaa v(x, t}= 

il-
TipH YC..'loaal 

K=G-1K, G=la 

eTCR B BH,!l.e (9). a I 
MaR 4JYHKUIDI <Pt • 

v(xt+l>I+ 

rAe LT =[In CTD 
BeHCTBa 

v(xt-t 

Me:nci)yHapoOHl>lU Hll)l'm 

«flpo6.neMbl ynpa~ 



-..y l, IIOJiyqaeM 

l:IBO (15) H H)'Jie

U.O npH mo6oM 

llqJ6uOCTu S-npo

-.ei X e CJIY1Iae 

I CU3H K WUI JIH-

:{r1 BXO,!UIT JIH

• crpororo Hepa

' mcK3BeCTHbIMH H 

AB. 3ro pacrrrn

a Allll JIHHeHHbIX, 

llpC.!lCJieHHble KO-

;}. (16) 

(17) 

:'t: B Ds HBJIHIOT

•, alxn 11 R/xm 

'j • Yt, e CYMMe 

mm:poB BbIIIOJIHH-

.. BiKCk), 

=I. 

MX eepaBeHCTB 

s=l,r3, 

a«;, J31, Yk> 

IC&> .. 1eMMe 2 WUI 

qmlCHCTB 

reT, 

llOpCMLI l ), WU1 

COOTIIOIIIeHHH 

(18) 
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[
MJkxt+~Mijk -XI +Eoln 

B1X1+1Mifk 

c. 

T T j MifkXt+IBJ C* 
T T T B1 X 1+1B1 -G PG D :SO, 

D -Q-1 
(19) 

r.n:e Mifk =Ai +B1D(K.)Ck> i=l,rl> j=l,r2, k=l,r3, x1 =O, tET. CqlOpMyJIH-

pyeM attanorH'Ittoe yTBep)l(,n:euwe npH 6oJiee CHJILHLIX npe.n:noJIO)l(eHHHX. 

CJ1eocmeue. fiycTL COBMeCTHa CHCTeMa JIMH c IIOCTOHHHbIMH MaTPHUaMH 

[ 

T T T j A; XA; -X A; XB1 Ck 
T T T B1 XA1 B1XB1 -P Ds <0, X>O, 

Ck Ds -Q-1 

(20) 

r.n:e i=l,YJ, j=l,r2 , k=l,r3, s=1,r4 . Tor.n:a mo6oe ynpaeJieHHe (3) npH K* =O 
o6ecne1IHBaeT aCHMIITOTH'IeCKYJO YCTOii1IHBOCTb H)'JieBoro COCTOHHHH CHCTeMbl (2) c 
Heonpe,n:eJieHHOCTHMH (16) H (17). 

3a.Me'laHUe. CHCTeMbl MarpH1IHbIX HepaBeHCTB (18)-(20) MO)l(HO HCIIOJib30BaTb 

npH pemeHHH o6paTHLIX 3a,n:a11 po6acTHOH cTa6HJIH3auHH. HarrpHMep, .n:mi: 3a,n:aHttoli 

MarpHULI X = X T > 0 npH ycJIOBHHX cJie,n:cTBHH, ccpopMyJI11poeattHoro BLIIIIe, no

crpo11TL ceMeHCTBO CHCTeM CTa6HJIH3aUHH, OTBe11aromee IIOJIHTOilaM MarpH1IHbIX K0-

3cpcpHUHeHTOB (16), (17) 11 3JIJIHnco11.n:y Marpwu o6paTtto0 CBH3H (4). B ,n:attHOH 3a,n:a11e 

HeH3BeCTHblMH 6y,n:yT BepIIIHHbl IIOJIHTOIIOB Aj, B1, ck H Ds, a TaK)l(e IlOJIO)l(HTeJib-

HO-OIIpe.n:eneHHble MaTPHUbl p H Q, OIIHCLIBalOIUHe HCKOMbIH 3JIJIHIICOH,Zl. 

2. 0QeHKa KBa,n:paTU1IHOro.)CpHTepus1 KaqecTBa ceMeHCTBa CUCTeM 

PaccMOTPHM CHCTeMy ynpaeneHIDI (2), (3) c KBa.n:paTH'IHLIM cpyttKUHoHanoM Ka11ecTBa 

~ T T [X1] [ S N] Ju(xo)= t~q>t, <i>t =[xi U1 ]<I>, U1 ' <1>1 = NT R ' tET, (21) 

r.ue Xo - BeKTOp Ha1IaJibHblX YCJIOBHH, a 6JIOKH CHMMerpH1IHOH MaTPHUbl <I>, (B03-

MO)l(H0 3aBHCHIUHe OT t) Yil:OBJieTBopmoT COOTHOIIIeHHHM 

S~NR-INT +Mn, R>O, O>O, /ET. (22) 

Tpe6yeTCH OIIHCaTb MHO)l(eCTBO ynpaeneHHfi (3), o6ecrre1IHBaIOIUHX aCHMIITOTM-

1IeCKYJO ycTOii1IHBOCTb COCTOHHHH X1 = 0 CHCTeMbl (2) H oueHKY 

Ju(xo) :$ ro, (23) 

r;:i:e (J) > 0 - HeKOTOpoe MaKCHMaJibHO .n:onycTHMOe 3Ha1IeHHe cpyHKUHOHana (21 ). 
PeIIIeHHe ,n:aHHoli 3a,n:a11u 6y,n:eM npoeo;:i:uTL MeTo,n:oM Kea,n:paTH'IHOH cpyttKUHH 

llinyHoea v(x, t) = x T X 1x, Marpttua KOTopoli y,n:oeJieTBopxeT rpe6oeaHHHM 

xJX0xo:Sro, s11n:SX1 :Ss2Jn, EJ>E2 >0, tET. (24) 

IlpH ycnoeHHx (3) H (5) onpe.n:eJieHLI 3Ha1IeHHH D(K), D(K.) H D(K), r.n:e 

K = a-1R, G =Im -K.D (CM. pa3;:i:. 1). IlpH 3TOM 3aMKH)'TaH CHCTeMa npe.n:cTaBJIH

eTCH B BH,n:e (9), a nepeax pa3HOCTb cpyHKQHH v B CHJIY .n:aHHOH CHCTeMbl H CYMMHpye

MaH cpyHKUHH <i>t HMelOT BH.Zl 

T T T T v(x1+1>t+l)-v(x1,t)=x, (M X 1+iM-X1 )x1, q>1 =x1 L <l>
1
Lx

1
, 

r,n:e LT =[In CTDT (K)]. Ilorpe6yeM, 1IT06bl Hapx.n:y c (5) H (24) BblIIOJIHHJIHCb ttepa

BeHCTBa 

v(x1+1>t+l)-v(x1 ,t):S-q>1 :$-ollx1 ll2, x1 ES0, tET, 

Me:m:<}yHapoi>HblU Hay11Ho-mexHu11ecKUu :m:ypHaR 
«flpo6neM&1 ynpaBJ1emm u uH<jJOpMamuKU11, 2013, M 3 

(25) 

97 



r,!l,e S
0 

- oKpecTHOCTh ToqK0 x = 0, co,!1,ep)l(ama.11 x0 . ,lVul :noro ,!l,OcTaToqHo BhI

rrmrneHBH MaTpWIHblX HepaseHCTB (22) H 

MJ X1+1Mo -Xi +L6<I>1Lo $ -Eoln, (26) 

r,!l,e M 
0 

= M(O, t), Lo = L(O, t), Eo > 0. Tor,!l,a cocTOHHHe x1 = 0 c0cTeMhI (9) acHM

moT~ecKH ycTOWIBBO H c yqeTOM (24), (25) rro.rryqaeM sepxHIOIO on;eHKY <l>YHKQHO

HaJia (21): 
00 

Ju(xo) S z)v(x1,t)-v(X1+I' t + 1)] = xJ X oxo s ffi. (27) 

1=0 

l1crroJih3YH csoiicTBO (7) orreparnpa D, rrpBBe,!l,eM HepaseHcTBO (26) K BH,!J,Y 

w +UTD(K)V + vToT (K)U + vToT (K)RD(K)V $ 0, (28) 

T T T 
r,!J,e W=M*X1+1M*-X1+<l>*+e0In, U=B Xt+IM*+N +RD(K*)C, V=C*= 

D 
T T TT - T = C + D (K*)C, <!>* = L* <1>11*, L* =Un C D (K*)], R = R + B X 1+1B. Tip0 

3TOM BbIIlOJIHHeTCH KPHTepHH, rrpBBe,!l,eHHbIH B ,!l,OKa3aTeJihCTBe TeopeMhI 1. 
TipHMeH.11.11 JieMMY 1 H COOTHOllleHBH (24)-(28), rro.rryqaeM CJie,!J,YIOIIl,HH pe3yJibTaT. 

TeopeMa 2. TiycTb ,!J,JIJI HeKOTOpbIX e; > 0 (i = 0, 1, 2) rrpH x1 = 0 H t ET BhIIlOJI

HHeTCH CHCTeMa COOTHOllleHHH (24) H 

BT X 1+1B+DTQD+R<GTPG, (29) 

[ 

T T TOT M* Xt+1M* -X1 +<!>* +eoln M* Xr+iB+N +C (K*)R 
T T T - T B X1+1M* +N +RD(K*)C B X1+1B-G PG+R 

C* D 

CT l D~ sO. 

-Q-1 

(30) 

Tor,!l,a JII06oe yrrpaBJieHHe (3) o6ecrreqHBaeT acHMmo~eceyro ycTOttqBBOCTh ttynesoro 

COCTOJIHH.11 CHCTeMbl (2), o6myro ct>ymauoo llimyHoBa v(x, t) = x T Xix H on:eHKY <l>YHK

QHOHaJia KaqecTBa (23). 
Tipe,!1,ITOJIO)l(HM, qTQ c0cTeMa (2) HMeeT Heorrpe,!1,eJieHHOCTH rnrra (16). Tor,!l,a ,!l,M 

BbIIlOJIHeHBH ycJIOBHH (29) H (30) TeopeMbl 2 ,!l,OCTaTOqHO BbIIlOJIHeHBH CHCTeMbl COOT

HOllleHHH (CM. pa3,!l,. 1) 
T T T 

B1X1+1BJ +D QD+R<G PG, (31) 

r 

T T TOT T j M iJkX1+1M iJk - X 1 + <!>* + eol n M iJkX1+1B J + N + C (K. )R C* 

BJX
1
+1Mijk+NT+RD(K*)C BJX1+1B1 -GTPG+R DT sO, (32) 

C* D -Q-
1 

- -- --
r,!l,e MiJk=A;+B1D(K*)Ck> i=l,rl> j=l,r2 , k=l,r3, x1=0, tET. Cct>opMy-

JittpyeM cJie,!l,CTBHe TeopeMhl 2 rrpH 6onee CHJibHbIX npe,!1,ITOJio:>KeHHJIX. 

C!lei>cmeue. TiycTb COBMeCTHa CHCTeMa JIMH c IlOCTO.llHHbIMH MaTpHQaMH 

[ 

T T T l A; XA;-X +S A; XB1 +N Ck 

BJ XB
1 

+D'f QDs +R < P, BJ XA; +NT BJ XBJ -P+R D'f s 0, X > 0, (33) 

Ck Ds -Q-1 

r,!l,e i = 1, rl> j = 1, r1, k = 1, r3, s = 1, r4. Tor,!l,a JII06oe yrrpaBJieH0e (3) rrp0 K* = 0 
06ecrreq0BaeT aCHMilTOT~eCKyIO ycTOHqHBOCTb ttynesoro COCTOJIHB.11 CHCTeMbl (2) 

c Heorrpe,!1,eJieHHOCTJIMH (16), ( 17) ' o6myro <l>YHKU:HIO JI.irnyHoBa v(x) = x T xx H on:eH

KY cl>YHKQHOHana KaqecTBa (23). 
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Ha ocHosei 

3aQHH CHCTeMW ( 

3a,!J,aqa 1. Ii 
3a,!J,aqa 2. )i 
3a,!J,aqa 3. )i 
,lVul pemea 

pa3JI~Hble MC'IQ 

THMH3an;HH MOI) 

n;HH funymma 4 
cl>YHKU:HOHa..'lll a 

3.111 

PaccMcrrpm 

po6ora-MammyJI 

KoToporo BOKpYI 

C IlOMOIIl,bIO nl 
H}IIOIIJ,ero Mexm 
MeXaHH3MOM •• 

TOpCHOHHrul ..,, 

B BH)J.e ,!l,Byx la 

HeHHH sropoco I 

cKoro 6ammca 

3JieKTp0,!1,BHl'llm 

AATOpa) 6e:J Y'll: 
HHH HJIH B Bern! 

r,!l,e 

Ac=l-~11 

3,!J,eCb 81 H 9i 
TeAA COOTBeTC'I! 

neM, J1 e J 2 . 

po,!1,BHraTe.JIJI, t 
cl>ttpoBaHIDI, p -
ycKopeHHe cao4 
Ha 3BeHO MaHlllll 

TipoBellCll 

Xt+l =. 

r,!l,e xt = x(tt). 

d =0, 1, k=U 
MeTpaMH H np• 

Tipe,!l,IlOJIO 

Yr= 

MeJ1CiJyHapoOHlllil 1 

« Ilpo6neMbl ynpaa 



0 .llOCTaTOqHo Bbl-

(26) 

CIETeMbI (9) acHM

anemcy cpyHKI(HO-

(27) 

1(26) K BH.!J:Y 

~ (28) 

l(X..)C, v = c* = 
T +B Xt+IB. TipH 

... i. 
llllQBH pe3yJ1hTaT. 

0 B I E T BhITIOJl-

(29) 

D~ :;; 0. (30) CT 1 
-Q-1 

~ eyneBoro 

~ a oo:emy cpyttK-

• (16). Tor.D:a .D:JIH 

- CBCTeMhl COOT-

(31) 

CT 1 D~ :;;o, 

-Q-1 

(32) 

~ t e T. CcpopMy-

mpeuaMH 

so, x > 0, (33) 

(3) npH K* = 0 
... CHCTeMhl (2) 

:)=.xTXx H oueH-

ISSN 0572-2691 

Ha OCHOBe TeopeMhl 2 H ee CJle,!l;CTBHH MO)l(HO cqmpM)'nHpOBaTh 3a,!l;aqw OTITHMH-

3aIJ;liH CHCTeMhl (2) H ceMeHCTB CHCTeM (2), (16) H (2), (16), (17): 
3aJJ,a<Ja 1. MHHHMH3HpOBaTh ro > 0 npH orpaHwqeHIDIX (24), (29) H (30). 
3a,!J;a<Ja 2. MHHHMH3HpOBaTh ro > 0 npH orpattffqeHIDIX (24), (31) H (32). 
3a.D:a<Ja 3. MHHHMH3HpoBaTh ro > 0 npH orpaHwqeHIDIX (33). 
,n;rui: pemeHIDI ,!l;aHHhIX 3a,!l;aq B cny1iae TIOCTOIDIHhIX MalpHI( MOryT HCTIOJih30BaThCH 

pa3JiffqHhie MeTO.!l:hI MaTeMaTwqecKoro nporpaMMHpOBaHIDI. B KaqecTBe napaMelpOB on

THMH3al(HH MOryT 6bITh IlOJ10)1(HTeJlhHO-Onpe,!1;eJ1eHHhie MalpHI(hI KBa,!l;paTffqHOH cpyHK

l(HH funyttoBa (X), 3JIJ1HTICOH,!l;a K03cpcpHI(HeHTOB o6paTHOH CBH3H (P H Q), a TaK)l(e 

cpyttKI(HOHaJia KaqecTBa (<l>). TipH 3TOM pe3yJ1hTaThI pacqeTOB 3aBHCHT OT BeKTopa Xo. 

3. qHCJ1CHHblH 3KCnepHMCHT 

PaccMOlpHM cwcTeM)' ynpaBneHIDI O.!J:H03BeHHoro 

po6orn-MaHHnymnopa, KpyroBoe ,!l;BH)l(eHHe 3Betta 

KOToporo BOKpyr O,!l;HOfO H3 KOHI(OB ocymecTBJIHeTCH 

c TIOMOII(hlO rH6Koro coe,!l;HHeHIDI 3BeHa H HCTIOJ1-

HHIOII(ero MexaHH3Ma (p0c. 1 ). Me)l(ey 0cnoJIHHIOII(HM 

MexaHH3MOM H KOHI(OM 3BeHa pacnoJIO)l(eHa JlHHeiiHaH 

TOpCHOHHM npy)l(HHa. ,L(attHM CHCTeMa OTIHChIBaeTCH 

B BH,!l;e .D:Byx HeJlHHeHHbIX ,!l;HcpcpepeHI(HaJihHhIX ypaB

HeHHH BTOporo nopH,!l;Ka, BhITeKaIOII(HX H3 Mexattffqe

CKOfO 6anattca HcnonHHIOmero MexaHH3Ma (Bana 

3JieKlp0,!l;BHraTeJIH) H 3BeHa (pYKH po6oTa-MaHHny

JIHTOpa) 6e3 yqeTa CHJI lpeHIDI H BHelIIHHX B03M)'Il(e

HHH HJIH B BeKTOpHo-MalpwqHoii cpopMe [14]: 

x = Ac(x)x +Beu, 

r.D:e 

0 1 0 0 

1 ( sin x1 ) 0 -- µgh--+k 0 k/J1 
Ac= I Ji XJ 

0 0 0 

kl J2 0 -k I J 2 - d I J2 

u 

PHC. I 

(34) 

Be =r ~ I· x=[::1. 
l!Ji 82 

3.D:eCh 8i H 82 - yrnOBhie KOOp,!l;HHaThI 3BeHa MaHHnyJIHTOpa H Bana 3JieKlpO,!l;BHra

TeJIH COOTBeTCTBeHHO, u - ynpaBJIIDOII(HH MOMeHT, npOH3BO,!l;HMhIH 3JieKlpO,!l;BHraTe

JieM, Ji H J 2 - MOMeHThl HHepl(HH COOTBeTCTBeHHO 3BeHa MaHHnyJIHTOpa H 3JieKT

p0,!1;BHraTeAA, k - )l(eCTKOCTh nepe,!l;aToqHoro MeXaHH3Ma, d - K03cpcpHI(HeHT ,!l;eMn

cpHpOBaHIDI, µ - Macca 3BeHa MaHHnyJlHTOpa, h - ,!l;JlHHa 3BeHa MaHHnyJlHTOpa, g -
ycKopeHHe CB060.D:HOro na,!l;eHIDI, µghsin 81 - MOMeHT CHJihI TH)l(eCTH, ,!l;eHCTBYIOII(eH 

Ha 3BeHO MaHHnyJIHTOpa. 

IIpoBeJJ.eM .D:HCKpeTH3al(HIO cHcTeMhI (34) B BH,!l;e 

Xt+I =A(x1)x1 +Bu,, A(x1)=14+i:Ac(x1), B=i:Bc, t=0,1,2, ... , (35) 

r.D:e x
1 

= x(tt), u1 = u(tt), i: - mar .D:HCKpeTH3al(HH. IIycTh i: = 0,0005, µgh = 5, 

d = 0, 1, k = 100, a MOMeHThI 1rnepl(HH J1 H J2 HBJIIDOTCH Heonpe,!l;eJleHHhIMH napa

MelpaMH H npHHHMalOT 3HaqeHIDI Ha HHTepBanax 

0,8:;; J1 :;; 1,2, 0,2:;; J2 :;; 0,4. 

Ilpe,!1;TIOJ10)1(HM, qTo H3MepeHHIO ,!l;ocryneH BeKTOp BhIXO,!l;a 

C [
elt + O,lut] [1 0 0 OJ [0,1] 

Yt = x1 +Du1 = . C= D= 
8 ' 0001' o' 21 
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a yrrpasneHHe HmeTCH B BH)J.e COC u1 = Ky1 , r)J.e K = [k1 k2] = K. + K. TipH J1=1 

H J2 = 0,3 HaH)J.eH BeKTOp K. = [-0,7295 -9,7213], )J..IDl KOToporo JIHHeHHaH CHCTe

Ma Xt+l =M.x1, M. =A(O)+BD(K.)C acHMIITOTWieCKH ycTOiRHBa Hee crreKTP 

cr(M.)={0,9925; 0,9963±0,0059i; 0,9997} paJMemeH BffYTPH e,LUIHWIHoro Kpyra [15]. 
Tioae)J,eHHe pemeHHH HCXO)J.HOH HeJIHHeihIOH CHCTeMhI (35), OTBeqruomee ynpaBJieHmo 

Ut = K.yt H Bel<TOPY HaqaJIJ,HhIX ycnoBHH Xo = [1 - 2 0 2] T' H306pIDKeHo Ha pHC. 2. 

,[(ml HJIJilOCTPa1um TeopeMLI 2 3a)J,a)J.HM MaTPHuy <l>YHKUHOHana (21): s = 0,1/4, 

R=0,01, NT =[0,01 0 0 0,01]. CHCTeMa COOTHOmeHHH (32) COCTOHT H3 lJeTLipex 

MaTPWIHhIX HepaBeHCTB, qTQ COOTBeTCTBYIOT B03MOIKHLIM 3HaqeHHHM rraphl (Ji. J2) 

Ha KOHuax HHTepBaJIOB (36): (0,8; 0,2), (1,2; 0,2), (0,8; 0,4) H (1,2; 0,4). c IIOMOI.UhIO 

CHCTeMLI MATLAB Haii)J.eHLI rrono1KHTeJihHo-onpe)J.eneHHLie MaTPHUDI 

[ 

3,4285 -0,0740 -3,3185 -0,0981] 

[
0,1556 0,0039] 4 -0,0740 0,0345 0,1304 0,0038 

P = 7 9501 Q = X = IO 
' ' 0,0039 0,1554 ' -3,3185 0,1304 3,8678 0,1132 ' 

-0,0981 0,0038 0,1132 0,0142 

y)J.oBnernopHIOmHe )J.aHHoil: cncTeMe CTPornx HepaaeHcTB npH i:::0 = 0. 

TaKHM o6pa30M, )J..IDl BCeX 3HaqeHHH MOMeHTOB HHepUHH (36) H BeKTopa K03<l>qm

UHeHTOB ycHJieHHH o6paTHOH CBH3H K = K* + K H3 3aMKHYTOH o6nacTH, orpaHWieH-

HOil: 3JIJIHIICOM K={K:KQ-lKT :;;P-1} (pHc. 3), )J.BMIKeHHe po6orn-MaHHnynuopa 

B OKpeCTHOCTH eyneBoro COCTOHHHH paBHOBeCHH aCHMIITOTWieCKH ycTOiRHBO. TipH 

3TOM v(x) = x r Xx - o6man: <l>YHKUHH Jin:nyHoaa, a 3HaqeHHe )J.aHHoro <l>YHKUHOHana 

KaqecTBa He rrpeaocxo)J.HT v(xo) = 34973. 
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B )J.aHHOH pa6oTe rronyqeHLI HOBbie MeTO)J.hl po6acTHOH CTa6HJIH3aUHH H OIITHMH-

3aUHH HeJIHHeHHLIX )J.HCKpeTHLIX CHCTeM co CTaTWieCKOH o6paTHOH CBH3hl0 no H3Me

pHeMOMY Bh!XO)J.y, CO)J.ep)J<ameMy KOMIIOHeHTLI KaK COCTOHHIDI CHCTeMLI, TaK H ynpaB

JieHHH. TipH 3TOM 3HalJeHHH Heonpe)J.eJieHHLIX MaTPWIHhIX K03<l><l>MUHeHTOB MOryT 

IIpHHa)J.Jle)J<aTb 3a)J.aHHLIM IIOJIHTOIIaM, B qacTHOCTH MaTPWIHLIM HHTepBanaM HJIH a<l>

<l>HHHLIM MHOIKeCTBaM, a B03MOIKHLie 3HaqeHHH MaTPHUDI K03<l><l>MUHeHTOB ycHJieHHH 

o6paTHOH CB.ll.3H o6pa3YJOT 3JIJIHIICOH)J.aJihHOe MHOIKeCTBO. 

TipaKTWiecKaH peanH3aUHH npe)J.JIO/KeHHLIX MeTO)J.OB TaK IKe, KaK H B cnyqae He

rrpepbIBHhIX CHCTeM [15], CB.ll.3aHa c pemeHHeM JIHHeHHLIX anre6paWieCKHX MaTPWIHhIX 

HepaBeHCTB. )VIH 3TOro MO/KeT HCIIOJih30BaTDCH )J.OCTaTO'IHO 3<l><l>eKTHBHaH npoueeypa 

B cucTeMe MATLAB. 0TJIWIHTenhHOH oco6eHHOCThIO rronyqeHHLIX JIMH OT H3BecT

HLIX HBJIHeTCH B03MO/KHOCTh IIOCTPOeHIDI 3JIJIHIICOH)J.a CTa6HJIH3HpYJOI.UHX MaTPHU 06-

paTHOH CBH3H, o6meil: KBa)J.paTWIHOH <l>YHKUHH llirryHOBa, a TaK/Ke oueHKH KBa)J.p3TH'l

HOro <l>YHKUHOHaJia KaqecTBa )J..IDl HeJIHHeHHOH CHCTeMLI yrrpaBJieHHH c paccMaTPHBae-

MhJMH Heorrpe)J.eneHHOCT.ll.MH. 
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.+K. IlpH J1 =l 

' JmHe:illiaH CHCTe-

11188 H ee cneKTP 

PlllOro Kpyra [15]. 
IBlCe ynpaBJiettmo 

ISCHO Ha pHC. 2. 

a (21): S = O,l/4, 

rotrr H3 'leTbipex 

II Bapbi (JI ,J 2) 

~4). C IlOMOlllblO 

• 
IS -0,09811 
IN 0,0038 

71 0,1132 ' 

J2 0,0142 

aaopa Ko31pqm

C1ll., orpaHH11eH-

HlaHHnyJurrnpa 
.:l'OfflJHBO. Ilpn: 
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o.r Ma3KO, Jl.B. Eo2oaH06U'l 

POEACTHA CTAEifl13AIJ;UI TA OIJ;IHKA 
<I>YHKIJ;IOHAnA JIKOCTI HEflIHIHHl1:X 
,ll;I1CKPETHI1X CMCTEM KEPYBAHHJI 

Po3po6neHO HOBi MeTO):IH 8Hani3y po6aCTHOl CTa6iniJauii' Ta OilTifMiJauil ;:\HCKpeT
HHX CHCTeM KepyaaHIDI Ji JBOpOTIIHM 3B'B3KOM. ,llrrJI ciM'i' HeJiiHimmx CHCTeM 3 He
BlfJHaqeHHMH MalpHUBMH KOecpiuiorriB i 3BOpOTHHM 3B'B3KOM 3a BHMipIOBaHHM BH
XO.!IOM cpopMyJIIOIOThCB .!lOCTaTHi YMOBlf criiiKocri ttyJibOBoro CTaHY Ji cniJibHOIO 
KBa.llpaTlfqHOIO cpyHKUiao JIJrnyHoBa. 3anponOHOB8HO p03B'JI38HHB JaraJibHOl 3a.llaqi 
po6acTHOl CTa6ini3auii' TB ouiHKH KBa.!IPaTHqHOro KpHTepiIO JIKOCTI ciM'Y HeJiiHiHHHX 
.!IHCKpeTHHX CHCTeM. 3acrocyaaHHJI peJyJibTariB 380.!llfTbCJI .!10 p03B'JI38HHB CHCTeM 
JiiHiiiHHX MaTplfqHHx HepiBHOCTeii . 

A.G. Mazko, L. V. Bogdanovich 

ROBUST STABILIZATION AND EVALUATION 
OF THE PERFORMANCE INDEX OF NONLINEAR 
DISCRETE CONTROL SYSTEMS 

New methods for analysis of robust stability and optimization of discrete output feed
back control systems are developed. Sufficient stability conditions of the zero state 
are formulated with the joint quadratic Lyapunov function for a family of nonlinear 
systems with uncertain coefficient matrices and a measured output feedback. The so
lution of general problem of robust stabilization and evaluation of the quadratic per
formance criterion for a family of nonlinear discrete systems are proposed. Applying 
the results reduces to solving the systems of linear matrix inequalities. 
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