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yaK 517.935; 681.5 

AI MaJKO, eN Kycuu 

CTAJ3l1nI13AUIDI no BbIXO)JY 11 B3BEIllEHHOE 
nO)J,ABnEHI1E B03MYLUEHI1H B )J,I1CKPETHbIX 
CI1CTEMAX ynpABnEHIDI 

BBeLleHHe 

B cOBpeMeHHoH TeOpl1ll ynpaBneHI1lI WllPOKO llCnOJIb3yIOTCli HenpepbIBHble II )1JIC­

KpeTHhle MaTeMaTWleCKlie MOAeJIIi ynpaBJIlieMblX 06beKToB, cOAeplKaruI1e HeonpeAe­

JIeHHble 3JIeMeHThI (napaMeTpbI, HeJlIiHeHHOCTH, BHeIlIHI1e B03MYIUeHlilI Ii T.n.). ~JUI 

TaKI1X 06beKToB nepBOOqepeAHbIMI1 lIBJIlIIOTClI 3aJJ.atJH po6acTHoH cTa6HJunaUl1l1, on­

TIiMIi3aU:HH 11 HJJ.eHTMClmKaU:HH napaMerpoB. C pa3Ho06proHblMH nOCTaHOBKaMH 3aAa'I 

ynpaBJleHHlI B YCJIOBHlIX HeonpeJJ.eJleHHOCTH Ii MeTOnaMH HX HCCJlenOBaHHlI MOlKHO 

03HaKOMHTbClI, Hanpl1Mep, B [1-6]. 
I1pl1 peweHl111 KJIaCCa 3anaq H 2/ H OCJ -OnTHMH3aUllll He06xonliMO nocrpOIiTh 3a­

KOH ynpaBJlemUI, KOTOPblH 06ecnel lHBaeT He TOJ1bKO (po6aCTHYIO) YCTOHQHBOCTb, 

HO H CHHlKeH11e B onpeJJ.eJleHHOM CMbICJJe orpHuaTeJlhHOrO BJlHlIHHlI BHeWHIiX B03My­

IUemlH Ha KaQeCTBO ynpaBJUleMOrO 06beKTa. ITpH HCCJJeJJ.OBaHI1H YKroaHHoro KJJaCca 

3anaQ npliMeHlIIOTClI KaK 'IaCTOTHble MeTonbl, TaK Ii MeTO;;:bl npocrpaHCTBa COCTOlIHI1M, 

npl1BOMIUHe K peweHliIO MaTp11QHhIX ypaBHeHI1H 11 HepaBeHCTB (CM., HanpllMep, [1, 3-lO)). 
B KaqeCTBe BHeWHHX B03MYlileH11H paccMarpl1BalOTclI KaK B03MYlileHlIH, neHcTBYIOru11e 

Ha c11cTeMY, TaK 11 oWH6K11 H3MeplIeMoro BhlXOna. M epoM BJJHlIHl1lI orpaHHqeHHbIX 

B03MYlileHHM Ha Lll'IHaMHKY J1HHeHHhlx o6beKToB C HYJIeBblM HaLJaJJhHblM BeKTopoM }IB­

JllIeTClI MaKC11MaJJbHoe 3HatJeHHe OTHoweHILIi L2 -HOPM BeKTopoB BblXOna H BXOJJ.a 

(B03MYlileHHM), KOTopoe COBnaAaeT C H w -HOPMOH MaTpwlHoH nepenaTOLJHOH IPYHK­

UHH CHCTeMh! [1]. B [9-14) paccMarpHBaJJHcb 60JIee 06IUHe KpHTepHH KaLJeCTBa, Y"fll­

TbIBaIOlilHe HaLJa1hHble B03MymeHILIi, BbI3BaHHbIe HeH)'JleBbIM Ha'IaJJhHblM BeKTopoM . 

I1P11 3TOM HCnOJIh30BaHI1e BeCOBblX K03<p<pI1Ul1eHToB B 0606IUeHHhlx Kpl1Tepl1lIX Ka"fe­

CTBa n03BOJIlIeT YCTaHoBHTb npl1opl1TeThI MelKny KOMnOHeHTaMH BhIxona, BHelIIHHX 

H Ha"faJlhHhlX B03MYIUeHHH. AHaJIOr111fHhle KpHTepHH KatJeCTBa C HCnOJIh30BaH11eM 

12 -HOPM paCCMarpl1BaJJHCh B 3aLlaQaX nOnaBJIeHl1lI BHeWHHX H Ha'laJJhHhlX B03Myrue­

H11M n11CKpeTHhlx CHCTeM [10, 15]. 
OTMeT11M, "fTO MHOr01fI1CJIeHHhle nOAXO.Qhl K peweliHIO 3ana1f cTa611JIH3aUl1If Ii 

OnT11MH3aiJ:]1H B YCJIOB11l1X HecToxacTHtJecKoH HeonpeJJ.eJleHHOCT11 npHBO)UIT K JIH­

HeHHhIM MaTpH'lHbIM HepaBeHcTBaM (flMH). MeTon I1HBapllaHTHhlx 3JIJIllnC011nOB 

COBMeCTHO C TeXHI1KOH flMH TaKlKe ycrrewHo npHMewleTcR B 3a.ll.atJax nO.ll.aBJIeH11H 

BHelIIHHX B03MYll\eHHH KaK HenpephIBHblX, TaK If .ll.HCKpeTHblx CHCTeM [16, 17]. ~JIlI 
peli1eHHlI flMH C03naHhI nOCTaTO'lHO 3IPIPeKTHBHhle Cpe.ll.CTBa LMI Toolbox KOM­

nhIOTepHOH CIfCTeMhl MATLAB [18]. 
Ha npaKTIfKe nHCKpeTHhIe MOJJ.eJIH CHCTeM ynpaBJIeHl1lI !1MeIOT onpeJJ.eJJeHHhTe 

npel1MYIUecTBa no cpaBHeHHlO C HenpephlBHbIMIf. B 1faCTHOCTH, I1CnOJJb30BaHHe pa3Ho­

CTHbIX ypaBHeHI1M .ll.BHlKeHHlI He rpe6yeT HCCJlenOBaHHlI MaTeMaTH'leCKHX np06JJeM 

CYIUeCTBOBaHHlI H eJJ.I1HCTBeHHOCU! pellIeHHH. KpoMe Toro, proHocTHhle CHCTeMbl 

BnOJIHe npHronHhI JJ.JllI I1X HenocpeACTBeHHOH 'lHCJIeHHOH peaJJH3aUIfH nporpaMMHhlMH 

Cpe.ll.CTBaMH KOMnbIOTepHOI1 TeXHHKH. 

B AaHHOI1 pa60Te paccMaTpHBalOTCH KJIaCChI AHCKpeTHhlx JUmeHHhlx If HeJIHHeH­

HhlX CHCTeM ynpaBJJeHl1lI, npenCTaBJIeHHhlX B BeKTopHO-MarpWlHOI1 IPopMe. I1penJIa­
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raIOTCJI HOBbIe rrO)J.XO)J.bl K pernemno 3a)J.alJ CHHTe3a cTa6IIJIII3IIPYIOll\IIX perYJIJITOpOB 

no H3MepJIeMOMY BbIXO,ny (pa3)J.. 2) II B3BerueHHoro rrO,llaBJIeHlliI orpaHlIlJeHHhIX B03­

MYll\emIii B ,lllIcKpeTHhlx CI1CTeMaX ynpaBJIeHIIJI (Pa3,ll. 4, 5). OCHoBHble pe3YJIhTaThl 

<P0PMYJIIIPYIOTCJI B BH,ne aHaJIOrOB 113BeCTHhlX YTBep)K)J.eHI1H ,llJIJI HerrpephlBHblX 

CHCTeM [9, 14] C HCrrOJIh30BaHlIeM TeXHIIKII flMH. 

Ey,neM ITCrrOJIh30BaTh CJIe.nyIOlIlITe · 0603HaQeHlliI: In - e,llITHlIlJHaJI n x n -

MaTPHua; 0nxm - HYJIeBaJI n x m -MaTPlIua; X =X T > 0 (~O) - rrOJIO)KIITeJIhHO 

(HeOTplIuaTeJIhHO)-onpe,neJIeHHaJI CITMMeTplIQHaJI MaTpITua; rank A, det A, peA) II 

ker A - COOTBeTCTBeHHO pam, ,lleTepMIIHaHT, CrreKTpaJIhHhlii pa)J.IIYc II JI)J.po MaTPIT­

Uhl A; i(X) =U+(X), L (X), io(X)} - I1HepUlliI MaTPIIUhI X = X T , COCTOJIll\aJI 113 

KOJIITQeCTB ee rrOJIO)KIITeJIhHhIX, OTp11uaTeJIhHhIX 11 HYJIeBhlX co6CTBeHHhIX qITceJI C 

YlJeTOM KpaTHOCTeii; II x II - eBKJI11)J.OBa HopMa BeKTopa x; II w IIQ - B3BerueHHaJI 

12 -HopMa BeKTopHOH rrOCJIe,noBaTeJIhHOCTII Wt, t =0, 1, .. ·; Co{AJ, ..., Ap} - BhI­

nYKJIhIH: MHororpaHHIIK (nOJIIITon) C BepruHHaMH AI, ..., Ap B rrpocTPaHcTBe MaTPHU. 

1. BcnOMOraTeJIbHble YTBepm.neHIHI 

TIPII HCCJIe)J.OBaHIIH 6JIOQHO-MarplIlJHhIX Bhlpa)KeH11H IICrrOJIh3YIOTCJI MeTO)J.hl no­

Hll)KeHI1JI pa3MepHOCTlI, B lJaCTHOCTII JIeMMa lllypa, <p0pMYJIa <I>po6emryca H )J.p. [19], 
TIpIIBe,neM H3BeCTHhle <P0PMYJIhI UJIJI IIH)J.eKCOB 11HepUIIII 6nOQHOH: cHMMeTp11lJHOH 

MaTpIIUbI: 

Ecmi det A ;f. 0, TO 

(1) 

AHaJIOrlIlJHO, ecmi det C ;f. 0, TO 

1-13 <P0PMYJI (l) 11 (2) BhITeKaIOT cooTBeTcTBYIOll\l1e Kpl1TeplI11 ITOJIO)K11TeJIhHOH 

(HeOTPl1uaTeJIbHoH) orrpe,neJIeHHOCTlI 6JIOlJHOH MarplIUhI M (JIeMMa lllypa): 

M>O (20) <=> A>O, C-BA-1BT >0 (~O); (3) 

M>O (~O) <=> C>O, A-BTC-1B>0 (~O), (4) 

0606IUeH11JI <P0PMYJI (l)--(4) B cJIYlJae Bblp0)KueHHhlx )J.lIarOHaJIhHhIX 6noKoB 11Me­

IOTCJI B [10]. 
JIeMMa 1 [8]. fl11HeHHoe MaTPlfl-IHOe HepaBeHcTBo 

LTXR + R TXT L < S, (5) 

me L, R 11 S = ST - 3a,naHHble MaTpIIUhI COOTBeTCTBYJOIUliX pa3MepOB p x n, 

q x n 11 n x n, 11MeeT perneHlle X, eCJl11 H TOJIbKO eCJI11 BhlTIOJlHJIeTCJI O.L\HO 113 yc­

JlOBI1H 1)--4): 

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

3) rank R < n, rank L = n, W)'SWR > 0 ; 

4)rankL<n, rankR<n, wIswL>o,W)'SWR>O; 
Me:JICOYHapoOHblll HaY~Ho-mexHu~ec"dii :JIC)IpHaH 
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r,[le WL 11 WR - MaYpHUbI, CTOJ16llbI KOTOPhlX COCTaBJUJlOT 6a3HCbl COOTBeTCTBYlOIllHX 

51,[1ep ker L II ker R . 

JIeMMa 2 [14]. An51 3a,[laHHhiX n x n -MarpHU X> 0, Y > 0 H QHCJ1a y > 0 cYlUe­

, i) E R rxn Y2 E R rxrCTBYlOT MaYpHUhl Xl E R rxn , X 2 E Rrxr II , Y.lI.OBJleTBOplIJOlUIfe 

COOTHOllleHII5IM 

J 
0 

J 
00XlT [TY i) 2 

> 0, y = > 0, XY =Y In+r' (6) 
X 2 }j Y2 

eCJ111 11 TOJ1hKO eCJ111 

X YIn]W= [ ;;::0, rankW:::::n+r. (7) 
yIn Y 

B [20] npII YCJ10BIf5lX neMMhl 1 npIIBe.ll.eHO o6m.ee pellleHIIe MaTpIIQHOrO Hepa­

BeHCTBa (5) B napaMeTpilQeCKOH <jJopMe. YTBep)K.ueHHe J1eMMbI 2 B CJ1yqae y = 1 H3­

BeCTHO (CM. [6,9]). 

2. CTa611Jll13al.\HH no H3MepHeMoMY BblXOAY 

PaccMoYpI1M HenilHeHHYlO CI1CTeMY ynpaBJJeHIDf C ,[IHCKpeTHhIM BpeMeHeM 

Xt+l =A(xt )xt + B(xt )ut , Yt =C(xt )xt + D(xt jUt ' (8) 

rAe xt ERn, Ut E R m 11 Yt E R' - BeKTophI COOTBeTCTBeHHO COCTOllHl1l1, ynpaBJ1eHI1lI 

If 113MeplleMoro BhIXO.ll.a, t E T ={O, 1, 2, ... } , a A(x), B(x), C(x) 11 D(x) - 3a.ll.aH­

Hhle MaTpuqHble CPYHKUI1I1 cooTBeTcTBYlQlUHX pa3MepOB, HenpephlBHble B HeKoTopoH 

oKpecTHocTil So = {x : II x II::::: h} TOqKil x = O. Dpe,[lnono)Kl1M, qTO rank B == m 11 

rankC == l 11 HaplI.lI.Y C (8) paccM0Ypl1M J1ilHe\1H)'1O cHcTeMY 

(9) 

r.ue A = A(O) , B = BCO), C = C(O) il D =D(O) . 

CcpOPMYJ1ilPyeM YCJ10BI1lI cTa611J1113HpyeMOCTI1 H)'J1eBoro COCTOllHW! xt = 0 CI1C­

TeM (8) il (9) C nOMOlUblO .uIfHaMuqeCKoro peryJ1l1TOpa 

(10) 

r.ue ~t ERr, t E T, r - nopllAOK perYJ1l1TOpa, Z, V, U If K - MaTplfUhI, no,[\­

ne)l{alUHe onpe,[\eJIeHHlO. COOTHOlIleHHlI (8) If (10) MO)KHO rrpeACTaBI1Th B BIf,[\e CI1C­

TeMhI yrrpaBJ1eHl111 B paCIIIIIpeHHOM cpa30BOM rrpocrpaHCTBe Rn+r co CTaTI1QeCKHM 

perYJIlITOpOM: 

(11) 

Dp}! • . l e3 

CIICTeMa (9). : 

me A = A( 

D( K 

CHC ~•. 

J10)KeH B H:~ 

P -ycToi1L! lI30 

opTOrOHall> = 
UhI C, T.e . S- : 

Teop e 

1) c yn:;:--; 

P -YCTO f.'IlIIIE :­

2)cyc~ 

/IOld13 

pIfeM P -\ 
o ' r T

X=./\ > 

)J,aH:HCX' ­

eCJ11f H TO.T:' · 

MhI 6. l I B ': ~ 

B- _ 

B .uaHHO-., .:;.; 

MeJICOyHapoo - . ­
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• CTBYlOmHX 

> 0 cyme­

(6) 

(7) 

IHo ro Hepa­

,e y = 1 H3­

(8) 

. n p aBJIeHHSl 

- 3a.ll.aH­

HeKoTopOH 

:;. B == m H 

(9) 

XI =°CHC­

(10) 

, fl UbI, nOL{­

J BlIL{e CHC­

(11) 

TIPI1 YCJIOBHI1 K E KD, r,ll.e KD = {K : det (Im - KD) * O} , 3aMKH)'TaSl JIHHeHHaH 

CHCTeMa (9), (10) HMeeT BH.ll. 

x/+1 =it XI' it =A+ SO(iqc , (12) 

"" "'" "'.... ,.." 
r.ll.e A = A(O) , B = B(O) , C = ceO), D = D(O) , 

D(K)=[ D(K) (lm-KD)-I U ], D(K)=(l -KD)-I K . 
V(lt - DK)-I Z + VD(1m - KD)-I U m 

CHCTeMY (12) 6Y.ll.eM Ha3bIBaTb P -YCTOHQHBOH, eCJII1 cneKTp MaTPH~bI M pacrro­

JIO)l{eH BH)'TPH Kpyra {A: I AI < p}, rL{e 0 < P:::; 1 . CrreKTPaJIbHbIH 3anac YCTOif4HBOCTH 

P -YCTOH'IHBOH CHCTeMbJ He MeHbllle, qeM 1- p. CHMBOJIaMH B.i H C.i 0603HaqHM 

opTOrOHaJIbHbJe .ll.OnOJIHeHHS! COOTBeTCTBeHHO CTOJI6~OB MaTPH~bJ B H CTPOK MaTPH­

.1 .1 T
~IC,T.e.B =WBTHC =Wc . 

TeopeMa 1. CJIe.ll.YIOIliHe YTBep)I{.ll.eHHS! 3KBHBaJIeHTHbr: 

1) cymeCTByeT .ll.HHaMWlecKHH peryJISlTOp (10) rrOpHL{Ka r, o6eCne'IHBalOmHH 

P -YCTOHQHBOCTb 3aMKHYToM CHCTeMbI (1 2); 

2) cymecTBYIOT MaTpH~bI X H X o, Y.ll.OBJIeTBOpSllOmHe COOTHOllleHHSlM: 

Bl.T(AX4T _ p2X)B.i < 0, (13) 

X~Xo >0, rank(X-Xo):::;r, (14) 

AXoAT -p2Xo <AXoCT(CXOCT)-ICXoAT; (15) 

3) cymecTBYlOT MaTPH~I X H Y, YL{OBJIeTBOpHlOmHe COOTHOllleHHHM (l3) H 

(16) 

X In]W= [ ;::0, rankW s n+r. (17) 
In Y 

j(OKa3ameflbcmeo. COrJIaCHO TeopeMe JISIrryHoBa .lLJlSl .ll.HCKpeTHbIX CHCTeM KpHTe­

pl1eM p -YCTOHQHBOCTH CI1CTeMbI (12) HBJISleTCSl cymecTBoBaHHe MaTPI1~ KO H 

i =iT> 0, Y.ll.OBJIeTBOpSllOmHX MaTPH'IHOMY HepaBeHCTBY 

(18) 

)J,aHHoe HepaseHcTBO)].lUl HeKOTopOH MaTP~J i > 0 pa3pelllHMO OTHOCl1TeJIbHO Ko, 

eCJIH H TOJIbKO eCJIH BbIllOJIHS!eTCSl CHCTeMa COOTHoweHHH (CM . .ll.OKa3aTeJIbCTBO Teope­

MbI 6.1.1 B [10]) 

Sl.T (AiAT _ p2X)S.i < 0, AiAT _ p2i < AXCT(CiCT)-IC.-YAT . (19) 

B .ll.aHHOM CJ1Y'Iae 

'.1 B '.1 .1,' X
B =I .1] ,C =[C OJ,X= [

l 0 XI 

MeJICOYHapOOHblU HaY~Ho-mexHu~ecKUu JlC)JPHOJ/ 
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11 comaCHO ~opMyne ct>po6eHHyCa ,ZlJUI 06pameHIDI 6nOl.jHOH Matpl1UhI l1MeeM 

r.ll,e H == exoeT, Xo == x - X!XiiXl' l1crronh3y~ 6nOl.jHYJO ctpYKTYPY Bhlpa)!{eHHH 

B (19) H neMM)' lllypa, npI1XO.ll,HM K 3KBHBaneHTHhIM COOTHOIIleHIfm (l3}{15), B KOroPhlX 

rank (X - X 0) == rank XI ~ r . Cne.ll,OBaTenbHo, YTBep)!{.ll,elOOl I) If 2) 3KBl1BaJIeHTHhI. 

IloKa)!{eM, 'ITO MatpIfUhI X H Xo y.ll,OBneTBop~JOT YTBep)K.ll,eHlfJO 2), ecnH If Tonb-

KO eCJIIf MatpIfUhI X H Y == Xo I y.ll,OBJ1eTBOp~JOT YTBep)K.ll,eHlfJO 3). IlpIf 3TOM COOTHO­

IIleHI1~ (14) H (17) 3KBIfBaJIeHTHbi. 113 ~opMyn (1) 11 (2) .ll,.JUI 6JIOl.jHOH Matpl1Uhl 

A 

o o e 

cne.L\YeT, 'ITO MatplfGHOe HepaBeHcTBo (15) 3KBHBaneHTHO COOTHOIIleHIf~M 

[A] 2 rlln] ]L'>O= e Xo[A T eT]-p 0 XO[In 0, i(L'>o)=={I,n,O}, 

[ 0 e] 1 [ 0] == {l, n, O}.L'>I == T _I +2 T Xo
_I [0 A], i(L'>I) 


e -Xo p A 


Ilpe06paJoBaB Bblpa)!{eHl1e L'>I, nOJIyqHM 

rAe Z::::ATXOlA-p2XOI. TIOCKOJIbKY G - KBa.ll,paTHa$l HeBhlpO)!{AeHHa~ Matpl1ua 

11 iCE) = {/;<l, O}, TO paBeHCTBO i(L'>2) = {l, n, O} 03HaqaeT, qTO e1-zeH < 0, T.e . Bhl­

nOnH$leTC~ MatpHGHOe HepaBeHcTBo (16) . 
TeopeMa .ll,OKaJaHa. 

OTMeTI1M, 'ITO .ll,JIH BhmonHeHH~ ycnoBHH (17) B YTBep)!{.ll,eHl1lf 3) Heo6xo.ll,l1MO, 

qT06hl Matpl1UhI X 11 Y 6hIJIIf nOJIO)!{I1TenhHo-onpe.ll,eJIeHHhIMI1. PaliroBoe orpaHlfGelil1e 

B (17) BCer.ll,a BhmOJIIDIeTC~ B cnyqae .ll,l1HaMHGeCKOrO peryJI~TOpa rropHAKa r ~ n, B qa­

CTHOCTIf, rrOJIHOrO rrop~.ll,Ka r = n. 3KBl1BaneHTHOcTh YTBep)!{.ll,eHMH I) 11 3) B TeopeMe 1 

~JUJeTC$l TaK)!{e cne.ll,CTBl1eM JIeMMhl 1 ,ZlJN MaTPlfGHoro HepaBeHcTBa J1JmYHoBa (18), 
rrpe.ll,CTaBneHHoro B BHAe 

(20) 

r.ll,e 

"T "' _[ p2.X A-¥ 1 ' _[KO uOJl
L::::[-B 0m+rxn+rL R=[Ol+rxn+r ex], S - , Ko - . 


XA T X Vo Zo 
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CJ1eiJcm6ue. I1yCTh BhInOJIIDIeTCli O)lHO 113 YTBep)(()leHI1H 2) l1JII1 3) TeopeMhl 1 )lJI1i 

JII1HeHHOH CI1CTeMhI (12) 11 KO - perueHlle JIMH (20), I1plflleM X - X 0 :::: xlX21XI, 

Ko E K D 11 0 < p :::; 1 . Tor)la )ll1HaMlflIeCKllH peryJIliTOp (10) I10pll)lKa r C MaTPlluaMI1 

K = (1m + KOD)-I Ko, U:::: (1m + KOD)-IUO' 

r;orophlx V:::: Vo(1, +DKO)-I, z:::: Zo - VoDUm +KOD)-IUO (21) 

llil. 
06eCI1e1.fllBaeT aCllMI1TOTlflIeCK)'lO YCTowmBOCTh HyJIeBOrO COCTOllHllll II KBa)lpaTI11.fHylO 

[ II TOJIb­
cpyHKUmo JIlinyHoBa v(x):::: xTX-Ix 3aMKHyTOH HeJIllHeH.HOH CI1CTeMhl (8), (10). 

OOTHO- )1aHHoe YTBep)(()leHlle BhlTeKaeT H3 )lOKa3aTeJIhCTBa TeopeMhI 1 11 rrpe)lrrOJIO)((eHllll 

o HeI1pe"phIBHOH 3aBl1CllMOCTl1 OT COCTOlIHlllI MaTPlflIHhIX K03CPCPI1UI1eHTOB B CI1CTeMe (8) 
(CM. )lOKa3aTeJIbCTBO aHaJIOrlfliHOro YTBep)(()leHlllI )lJIli HerrpephIBHhlX CHCTeM [13D. 
CooTHorueHlllI (21) rrpllBe)leHhI Ha OCHOBe CJIe.uYJOmero CBOHCTBa orrepaTopa D(K) : 

Ko:::: D(K) ~ K:::: -D(-Ko) . 
Ha OCHOBe TeopeMhI 1 II CJIe)lCTBlili 1 MO)((HO I1pe)lJIO)((I1Th cJIe)lYJOmliH aJIrOpl1TM 

rrocTpoeHllll )lI1HaMlflIeCKoro perYJIliTOpa (10) I10pll)lKa r:::; n, o6eCrre1.fllBaJOmero 

P -ycTowmBocTh JIliHellHOH CliCTeMbI (12), a TaK)((e aCllMI1TOTlflIecKYJO YCTOll1.fI1BOCTh 

HyJIeBoro COCTOllHlllI 3aMKHyTOH HeJIllHeHHOH CI1CTeMh! (11): 

J) orrpe)leJIeHl1e MaTPllU X II X 0, Y)lOBJIeTBopllJOml1x cooTHorueHlllIM (l3)-{J5); 

2) I10cTPoeHl1e pa3JIO)((eHlllI XOJIeUKOrO HeoTPlluaTeJIhHO orrpe)leJIeHHOH MaTPllUbI 

X -Xo =xlxl ~O, r)le XI ERfxn, rank XI :::;r; 

3) perueHlle JIMH (20) OTHOCllTeJIhHO KO rrpl1 YCJIOBlllIX X 2 :::: 1r II Ko E K D ; 

4) BhJq]1CJIeHlle MaTPliU peryJIliTOpa (10) ITO cpopMYJIaM (21). 

3. B3BellleHHhIH ypoBeHh rallleHHH OrpaHH'IeHHhIX B03MYI..QeHHH 

PaccMoTPliM HeJIllHeHHylO )lllCKpeTHYJO CI1CTeMY 6e3 yrrpaBJIeHI15I: 

(22) 

KOTopali <PYHKUlloHllpyeT B HeKoTopoH 06JIaCTl1 cpa30BOrO rrpocTPaHcTBa So, cO)lep­

)((ameH T01.fKY x =0 . 3)leCh XI ERn, WI E Rtn 11 Yt E R' - BeKTophl COOTBeTCTBeHHO 

. T. e. BhI- C.OCTOllHml, orpaHlflIeHHOro B03MymeHllll l1 BhIXO)la CliCTeMhl, t E T, a A(x), B(x), 

C(x) II D(x) - 3a)laHHble MaTPH'IHhle CPYHKl\l1l1, orrpe)leJIeHHhle B So. 

BBe)leM KpllTepl1H Ka1.feCTBa CllCTeMbI (22) OTHOCI1TeJIhHO BeKTopa BhIXO)la: 

XOJJIMO, 

J:::: sup <pew, xo), (23)lfIW1eHlle 

~ n, B 1.fa- 0<11 IV II~ +xJx oXo <co 
oopeMe 1 r)le 

~B.a (18), II y IIQ II 112 co II 112 co TT<pew, xo) = 2 ' Y Q :::: I YI Qyt, w p :::: L WI PWI ' 

II W lip + x6'X oXo 1=0 1=0 
(20) 

P :::: PT > 0 , Q:::: QT > 0 l1 X 0 = X 6' > 0 - H3BeCTHhIe rrOJIO)((HTeJIhHo-orrpe)leJIeHHhle 

MaTpllUhl. I1pl1 :nOM npel:(I10JIaraeM, 'ITO Ha1.faJIhHhIH BeKTOp Xo B 06meM CJIY4ae 

HeHYJIeBOll II HeI13BeCTHhlH. XapaKTepllCTl1KY J B cJIY1.fae CPl1KCHpOBaHHoro BeKTopa 

Xo :::: 0 0603Ha1.fllM Jo . OlJeBll)lHO, 'ITO Jo :::; J . 

MeJICOYHapOOHbll1 Hay'lHO-meXHu~ecKUU :JICYPHGJI 
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3HaqeHI1e J XapaKTepl13yeT B3BellIeHHhIH ypOBeHh rallIeHIU! BHellIHHX M Haqarrb­

HhIX B03MymeHI1H B CIICTeMe (22). AHarrofIfLlHbIH KpIITepIIH KaqeCTBa .uJU! HenpepblB-

HhIX CMCTeM B cJlyqae BeCOBhIX MaYpI1I..i P 0= / S' Q 0= j k M X 0 0= p2/n paccMaYpMBarrcR 

B [9]. CJIyqaH nOJlO)!(MTeJlbHO-onpe.ueJleHHOH MaTpHUbI X 0 06mero BM.ua paccMaYpM­

BarrCll B [10-15] . I1cnOJlb30BaHIIe BeCOBblX MaTpHU P, Q M X 0 II03BOJlReT 3a,UaTb 

IlpMopHTeTbI cpe.uI1 KOMIlOHeHTOB BeKTopoB BHellIHMX B03MymeHMH, BbIxo.ua M Haqarrb­

Horo COCTORHMR npM CPOpMI1pOBaHMI1 3HaqeHHH xapaKTepHcTHK J H Jo. 
OnpeOeJleHUe / [10]. CMcTeMa (22) Ha3blBaeTCR He}KCnaHCIIBHoH, eCJlH ee Benop 

Bblxo.ua npH JII060M N > 0 y.uoBJIeTBOpReT YCJIOBmo 

~ T ~ T TL." y[ Qy[ s L." w[ PW1 + Xo X oXo . 
1=0 1=0 

AJIll He3KcnaHCHBHOH CI1CTeMbI BblI10JIlUleTCR oueHKa J s 1 . BbI3bIBaIOT HHTepec 

YCJlOBHl!, npH KOTOPblX J < y, B QaCTHOCTl1 J0 < y, .uJIl! JII060ro Hanepe)l 3a)laHHOrO 

3HaQeHW! y > O. 

JIeMMa 3 . ITYCTb cymecTByeT MaYpl1ua X X T > 0 TaKaR, qTO0= 

rAT(x)XA(x)-X +cT(x)QC(x) AT(x)XB(x)+CT(x)QD(x) 1 
<D(X)O=l <0 (24) 

BT (x)X4(x) + D T(x)QC(x) BT(x)XB(x) + DT (x)QD(x) _ y2 P 

npl1 Jl1060M X E So. Tor.ua )lJIR CMCTeMhI (22) BhlI10JIHlleTCH oueHKa JO s y. ECJlH 

K TOMY )!(e 

(25) 

TOJSy· 

,aoKG3ameJlbCm6o. ,[VuI nepBOH Pa3HOCTH CPYHKUI1H JhnyHoBa vex) 0= xTXx B CH­

JIy CHCTeMhI (22) c YQeTOM (24) H (25) nOJlyqaeM COOTHOllIeHlll! 

v(x" ,) - v(x,) + yi0', - y'wiPw, "[xi' wiJ<I>(x,) [:J x, E so, lET, 

N N 
v(XN+l) - v(xo) + L yiQyl _y2 L wiPW1 < O. 

/=0 [=0 

OTCIO)lanpl1 N -; 00 HMeeM 

4:0 03HaQaeT J s y . B lIaCTHOCTH, rrpH Xo 0= 0 BblIlOJIWreTCll oueHKa J0 s Y . 

neMMa )lOKa3aHa. 


PaCCMOYpHM rro.uKJlaCC mIHeHHhIX CMCTeM BM)la (22) 


(26) 

JIeMMa 4. ~ JIHHeHHOH CHCTeMbI (26), y KOTOPOH peA) < 1, BbIDOJIHlleTCR cYporaR 

oueHKa Jo< y , eCJlH H TOJlbKO eCJlH cymecTByeT pellIeHHe X =X T > 0 nMH 

(27) 

bOJlee Toro, J < y , eCJlM M TOJIbKO eCJlM CMCTeMa J1MH (25) M (27) COBMeCTHa. 
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YTBep)I()leHfle )lOCTaTOqHOCTH .rreMMbI 4 BbITeKaeT H3 )lOKa3aTeJIbCTBa JIeMMbI 3. 

YTBep)I()leHHlI Heo6xo)lI1MOCTH YCTaHaBJIHBaIOTclI rrYTeM rrpe)lCTaBJIeHHlI xapaKTe­enp epbIB­

PHCTIIK Jo H J aHaJIOrnqHbIMH Bblpa)l(eHHlIMH C e)lIIHIIqHbIMII BeCOBbIMH MarpHuaMII
IpHBaJIC5I 

(CM. )lOKa3aTeJIbCTBO .rreMMbl 2 B [13], a TaK)l(e B [15]). Ba)l(HbIM CJIe)lCTBl'JeM JIeMMbI 4 
. cM arpl1­

lIB.JU!I{)TClI MeTO)lbI BblqIICJIeHHlI KpllTepHeB KalJeCTBa J 0 II J JIHHemIOrr CIICTeMbI (26) 
eT 3a)laTb 

Ha OCHOBe peIIIeHHlI COOTBeTCTBYIOIUIIX orrTHMII3aUIIOHHbIX 3a)laq: 

ee Benop 

4. )1,uHaMH'IeCKHH perymlTop C B03MymeHlUlMu 

PaccMoTpHM CHCTeMbI ynpaBJIeHHlI (8) H (9) C )lI1HaMnqeCKHM peryJl5ITOpOM 

~ IlHTepec 

a ~aHHoro 
me ~t ERr 11 W, E R m - BeKTopbT COOTBeTCTBeHHO COCTOllHHlI perymITopa H BXO)lHbIX 

Cl1rHaJIOB (BHeIIIHHX B03MYIIIeHHH), Z, V, U H K - MarplIUbI, rrOJLne)l(aIUl1e orrpe)leJIe­

HHIO. IIpl1 YCJIOBIIII K E KD 3aMKHYTa5! JIIIHeHHUlI CI1CTeMa (9), (29) IIMeeT BII)l 

(30)< 0 (24) 

J 

~ "( . ECJII1 , [Xt] , [xoJ ' fA+BKoC BUo] , A"Xt = Xo = M = =A+ BKoC 
~t ' 0' L VoC Zo ' 

(25) 

. Xx B CI1­

, [B J ' [D J '[ , r ]' II Ko Uo'JABl = 0 ' Dl = ° ' C1 = C 0lxr 1, D2 =D °txr , KO = V; Z ' 
rxm rxm 0 0 

Ko =D(K), Uo =(lm -KD)-IU, 

Vo =V(1t- DK)-l, Zo =Z+VD(1m- KD)-lU. 

~1I CI1CTeMbI (30) orrpe)leJIHM KpIITepl1II KaqeCTBa Jo II J Tl1rra (23) C Beco­

BbIMll MaTplluaMH Q, P II X0 . IIOCKOJIhKY ~o =0, TO 3HaqeHHe J 3aBHCllT JIHIlIb 
, , 

OT nepBOrO )lllaroHaJIhHOrO 6JIOKa X 0 MaTpHUhI X 0, T.e. J = J . 

Hac llHTepecYIOT 3aKOHbI yrrpaBJIemUI, KOTopble MHHHMH3HPYlOT J[aHHbIe KpHTe­

pllH KaqeCTBa 11 o6eCrreQl1BaIOT CBOHCTBO He3KCrraHC11BHOCT11 cooTBeTcTBYlOlUeH 
(26) 

3aMKHYTOH C11CTeMhI. 3aKoHhI yrrpaBJIeHll5I, o6eCne'lI1BaIOIU11e 3aMKHYToH C11CTeMe 

HallMeHbIlIee 3Ha'leHlle Jo(J), Ha30BeM Jo-OIITllMaJIbHhIM11 (J -OIIT11MaJIhHhIMll). 

AJIrOpllTMbI rrOllCKa TaKI1X ynpaBJIeH11H MO)l(HO peaJI1130BaTh Ha OCHOBe nocTpoeHllll 

BepxHHX oueHOK J[JIlI Jo H J. 

TeopeMa 2 . ~R JIIIHeHHoli CllCTeMhI (9) cYIUecTByeT )lllHaM11QeCKllH peryMTop (29),
(27) 

o6ecrreQllBaIOIUllll Kp11TepHH Ka'leCTBa J < y, eCJI11 11 TOJIhKO eCJI11 J[JIlI HeKoTophIX 

MarpllU X == X T > 0 11 Y == YT > °BhIIIOJIHlIeTClI CI1CTeMa CooTHoIlIeHllH (7), (25) II 
::la. 

MeJICdYHapodHblU HaY~Ho-mexHu~ecKuu :JIC}'PHaJI 
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(31) 

(32) 

f,Ue R=[C,D], L=[BI,DI ]. 

pOKa3ameflbcm80. ComaCHO JleMMe 4 OIJ,eHKa J < y ,UJlR CI1CTeMbI (30) 3KBI1Ba­

JleHTHa COBMeCTHOCTI1 COOTHOIIIeHl1ll 

MI XM - X+FTQF MI iN +FI QO 1[ (33)
J{IXM +OTQF iiIiN +OTQG __.y2p <0, 

(34) 

COOTHOIIIeHl1e (33) Ha OCHOBe JleMMbI lllypa rrpe,UCTaBI1M B BI-me JIMH OTHO­

CI1TeJlbHO Ko: 

MT frT-x 0 


_y2p fiT 0T 

~J0 

=iTKO R+ i?If(r; i +S < 0, (35)
i-I 

- lM N 0 

_Q-IF G 0 

, [C D 0 0 1 ' [0 0BT D T1
RI = , LI = , 

o 0 I,. 0 0 IrO O 

'IIn 0 0 0 In+r+m 0 AT CI° 0 

0 DI 

EI = , E2 = , s = , 


0 II' 0 0 0 In 0 0 BI _1'-1 0 


0 0 0 In+r+! L 0 0 0 III D 0 -Q-} 

0 0 1m 0 0 0 1r 0 , I-X _y2p 

0 

B}'I 

l~ 
rIPH 3TOM orpaHI1'leHlIe (25) CJIe,UyeT 113 (34). 

YqlITbIBaR Bblpa)KeHI1R Y=y2X-I, Wi? = E(WR1 II Wi =E!Wit ' f,Ue 

WR 0 j [fn+r+m 0 j 
WR\ =: 0 0 . Wit :::: 0 0,r 

o Tn+r+! 0 WL 

H rrpIIMeIDUI JIeMMY 1 ,UM JIMH (35), a TaK)Ke JleMMY 2 ,L{M 6JIO'lHbIX MarpHIJ, X II Y, 

rrorrY'UIM KplITeplIH cymecTBOBamfR perneHHR Ko B BII,Ue cooTHOrneHI1H (7), (25), 

(31) 11 (32), 3aBI1CRml1X JII1IIIb OT rrepBblx ,Ul1afOHaJIbHbIX 6rroKoB X 11 Y MaTpI1IJ, (6). 
TeopeMa ,UOKa3aHa. 

ISSN 0572-2691 

rropR,UKa r = r 

J < Y B Teo,- :" 

peryJlRTO <: r.' , 

BMeCTHO CTb 

IIIeHI1JI B .1\ - ::~ 

...,... . 
K CI1CTeMe . ~ . ­

p~ 

B . 

5. JIII C • 

Pacc~jQ:-;: 

f,Ue XI E R '- .. 

COCTORHI15.. : _ 

BbIXO,UOB. ( "'-=­
11 Herrpep bl3 

TeMbI 6y .l e ~ ;:::. . 
MOro BbIXO':,,­

CI1MBOJIOM 

Ha'laJIbHOrO 3~ 

TI1PYIOT p oc::. . 

HHMH3I1PYK'- . 

C¢op~r: . ­

C yrrpaBJll'le . ~ 

I1crrorrb3YR 7 ' ­

YCJIOBI1I1 K E :-
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(31) 

(32) 

3KBHBa­

3aMe'laHUe I. IlPll llCnOJIh30BaHllll )J,IlHaMWIeCKoro perymlTopa (29) nOJIHOrO 

nopn)J,Ka r =:: n paHroBoe orpaHWIeHlle B (7) BhITIOJIHneTCn aBTOMaTlllJeCKH II ou,eHKa 

J < Y B TeopeMe 2 onHChlBaeTcn B BH)J,e CllCTeMhI JIMH OTHOCHTeJIhHO X H Y. 

3aMe'laHUe 2. MO)!(HO nOKa3aTh, lJTO KpHTepHeM cymecTBoBaHHn CTaTHlJeCKOrO 

peryJInTOpa no BhIXO)J,y ut =:: KYt +WI ' rapaHTHpYlOmero oueHKY J < y , HBJIHeTCn co-

BMeCTHOCTh CllCTeMhI COOTHOIlleHHH (25), (31), (32) 11 XY == y2In' ,lJ;aHHhle COOTHO­

rneHHH B CJIYlJae CTaTIIlJeCKOrO perYJIHOpa no COCTonHlllO (C == In' D == 0) CBO)J,HTcn 

K CllCTeMe JIMH OTHOCllTeJIhHO Y: 

(33) 

(34) 

H OTHO­

(35) 

5. Jl:HcKpeTHhle CHCTeMbl C y"paBJUleMbI MH H HaomO)J,aeMhlMH BhIXO)J,aMI1 

PaCCMOTpllM CllCTeMY ynpaBJIeHllH 

(36) 

r)J,e X t ERn, Ut E R m, Wt E R s, Zt E R k II Yt E R' - BeKTophI COOTBeTCTBeHHO 

COCTOHHHH, ynpaBJIeHmr, BHeIllHllX B03MymeHllH, ynpaBJIneMOrO H Ha6JIlO)J,aeMOrO 

BhIXO)J,OB, t E T. Ilpe)J,noJIaraeM, '-lTO BCe MaTplllJHhle lPYHKUHH B (36) onpe)J,eJIeHhI 

II HenpephlBHhl B HeKOTopOH OKpeCTHOCTI1 So COCTonHiIH xI =:: 0 . )J,JIH )J,aHHOH CHC­

TeMhI 6Y)J,eM paCCMaTpllBaTh KpllTepllll KalJeCTBa Tllna (23) OTHOCHTeJIhHO ynpaBmle­

Moro BhIXO)J,a 

(37) 

CHMBOJIOM Jo nO-npe)!(HeMY 0603HalJaeM 3HalJeHlle J B CJIyqae <pllKcHpoBaHHoro 

HalJaTIhHOrO BeKTopa Xo =:: O. Hac HHTepecYlOT 3aKOHbI ynpaBJIeHlUI, KOTophle rapaH­

TllPYIOT p06aCTH)'lO YCTOHlJllBOCTh H)'JIeBOr O COCT05IHll5I 3aMKHYToii CHCTeMhI II Mll­

HHMH3HpyKlT KpllTepllll KaqeCTBa Jo 11 J Bll)J,a (37). 

C<p0PMYJIHpyeM aHanor TeopeMhI 2 )J,JIn nO)J,KJIaCCa JIHHeHHhlx CllCTeM Bll)J,a (36) 
C yrrpaBJI5IeMhIMll II Ha6JIlO)J,aeMhIMH BhIXO)J,aMll: 

(38) 

X 11 Y, 
- ) (25), 

au (6). 

llCrrOJIb3YH )J,IlHaMI1lJeCKI1H peryJI5ITOp (10) C HalJaJIhHhIM BeKTopOM 

YCJIOBI111 K E KD 3aMKH)'TaH CI1CTeMa (10), (38) rrpI1Bo)J,IlTCH K BI1)J,y 
22 

~o =:: O. Ilpl1 

(39) 

MeJICOYHapOOHblU HaY'IHo-meXHu~ecKUU JlC)'pHaR 
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r)le 

r)le 	R =[C : 

3aH ;; 
nOpH)ll\a r =­

J < Y B -:-e ::­

3 aIH:!'-._ 
" 	 " 

G = D" + D'2KOD21 = Dll + D'2KOD2b 	 pery.1HTo.,-? 

CTHOCTb . ;:-­

B CJIy q a e .. 1i 

CBO,UHTCll . ­

3,UeCb Hel13BeCTHblMI1 HBJIHIOTC1J. 6JIOKIl MaTpllUbl Ko : 

Ko =Um - KD22 )-' K , Vo == Um - KD22 )-IV, 

Vo =VUt - D22 K)-1 , Zo == Z + VD22.(lm - KD22 )-IV , 

KOTopble O,ll.H03HalfHO orrpe,ZJ.eJI1J.IOT IlCKOMble Marpl1UbI peryJI1J.TOpa (10): 

K == Um + KOD22 )-1 KO ' U == (lm + KOD22 )-IUO , 
(40) 

V == VoU/ + D22KO)-I, Z = Zo - VOD22 (lm +KOD22 )-IUO' 

I1eperrllIIleM COOTHOIIleHl1e (33) ,ll.JIH CIlCTeMbI (39) B BIl)le J1MH (35) OTHOCll­

TeJIbHO KO C MaTplluaMIl 

" " " [C2 D21 00] " [OOBI~il"T'T
R=[C2 D21 00]== 0 0 Ir 0 EI , L==[O 0 B2 DI2 ]= Oi 0 0 £2 ,r 

"T0 In+r+s 0 0 0 -x 0 AT C1 
'T Troo 	 0 0 _y2po 0 Is 0 	 0 Ir 0 B, DllE - ,E2 = ,S= 	 . (41) 

1-	 0 1 
r 

0 0 0 0 0 A _X-1In Bl 0 
_Q-I000 In+r+k 0 0 0 h C, DII 0 

BbIlfI1CJI1J.1J. MaTpl1UbI Wi?' Wi 11 rrpl1MeHH1J. JIeMMbI 1, 2, 4 (CM . )lOKa3aTeJIbCTBO Teo­

peMbI 2), rronyqaeM CJIe.n:ylOmllH pe3YJIbTaT. 

TeopeMa 3. ;:vur JII1HeHHOH CIlCTeMbI (38) cyrneCTByeT )lIlHaMwreCKI1H peryJI1J.TOp (10) 

C HYJIeBbIM HalfaJIbHbIM BeKTopoM, 06eCrrelfllBalOml1H Kpl1Tepl1H KalfeCTBa J < Y , eCJIIl 

11 TOJIhKO eCJIIl )lJI1J. HeKoTopbIX MaTpl1U X =X T > OilY = YT > 0 Bb1I10JIHHeTC1J. 

CIlCTeMa CooTHOIIleHIlH (7), (25) II 

(42) 

ISSN 0572·2691 

3alf ., -

HeKOTo pM _ 

rrpllBO.!llH .-: 

ECJII1 p a - 3" 

r)le 0 - E :" 

JIHTOP (I ( ~ 

HIl1J. _~I = 0 : 

CTBl1e M Tee:­
I1P[{5 ~ .: ~ 

mero )'TBg;:: ­

1) B:.l ­

2) 

HOWeHIUl ' ! 

3) f1 • • 

S E RTxn . ' . 

4) pe _, 

det (1m - ' 

5) B"'" 

Dpml 

MeJ/COYH. 
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o Uoj. 
Zo 

(40) 

3 -) OTHOCI1­

. (41) 

.lb TBO Teo­

;:'·.1JfTOP (10) 

J < y , eCJIll 

bHlOJlHlleTClI 

(42) 

55 . . 0572-2691 

(43) 

rile R = [e2 , D2 ,]' L = [BI, D;S]. 

3aMelJaHUe 3. IIPII llCrrOJIb30BaHllll ):(IlHaMll'IeCKOro peryJIllTopa (10) rrOJIHOrO 

rropll):(Ka r = n paHrOBoe OrpaHll'IeHHe B (7) BbIITOJIHlleTCli aBTOMaTll<IeCKli 11 oueHKa 

J < Y B TeopeMe 3 OIIllCbIBaeTCli B Bll):(e CliCTeMbI JIMH OTHOCI1TeJIbHO X 11 Y. 

3aMelJaHUe 4. MO)l(HO rrOKa3aTb, 'ITO Kpl1TepHeM CYIIl.eCTBOBaHHll CTaTWIeCKoro 

peryJIliTOpa rro BbIXO):(Y Ut = KYt ' rapaHTllpYlOIIl.erO OUeHKY J < y , llBJIlieTCli COBMe-

CTHOCTb CIICTeMbI CooTHoilreHIIM (25), (42), (43) II XY =y2In. )J,aHHble COOTHOIlleHllll 

B cJIY'Iae CTaTl1'1eCKOrO peryJIliTOpa rro COCTOllHl1lO (e2 = In' D2I = 0, D22 =0) 

CBO):(llTCli K CllCTeMe JIMH OTHOCHTeJIbHO Y, COCTOllIIl.eM 113 HepaBeHCTB (43) 11 

3ClMelJaHUe 5. ECJIll K E KDn ' TO det (1m - KD22 (X» '" 0 rrpH X E So ,me So -

HeKOTopali OKpeCTHOCTb TO'lKll X =0 11 HeJIIIHeMHali 3aMKHYTall CI1CTeMa (10), (36) 

rrp11Bo):(IlTCll K Bll):(Y 

(44) 

r):(e Bce MaTpll<IHbIe K03<pqmUHeHTbl HenpepbIBHo 3aBHCllT OT xt E So. JIeMMa 3 

MO)l(eT HCIIOJIb30BaTbCH" npl1 oueHKe KpliTepl1eB Ka<JeCTBa Jo 11 J ):(aHHoM CI1CTeMbI. 

ECJI11 paCCMaTpl1BaTb BXO):(HOM Cl1rHaJI WI KaK CTPYKTYPllpoBaHHYIO HeorrpeJ(eJIeH­

HOCTb B BI1):(e JII1HeMHOM o6paTHoM CBH"311 no yrrpaBJIlieMoMY BbIXO):(Y 

(45) 

rile 0 - Hel13BeCTHall MaTpl1ua 113 3a):(aHHoro 3JIJIlinCOH):(a, TO ):(IlHaMll<JeCKIIM pery­

JIH"TOP (10) B TeopeMe 3 06eCIIeQllBaeT po6acTHYIO YCTOHQI1BOCTb HYJIeBOrO COCTOll­

Hllll Xl = 0 CIICTeMbl (44) C J(aHHoM Heorrpe):(eJIeHHOcTbIO. 3TOT <pan llBJIH"eTCll CJIe):(-

CTBlleM TeopeMbI 1 113 [21] C YQeTOM COOTHOIlleHllll (33) 11 neMMbI lllypa. 

IIpIIBeL\eM aJIrOpl1TM nocrpoeHllll L\I1HaMWIeCKoro perYJIlITOpa, y):(oBJIeTBOpHlO­

Il]ero YTBep)l(J(eHIIllM TeopeMbI 3: 

1) BbIQllCJIeHlle MaTpllU WR H WL , r):(e R = [e2, D2I ], L = [Bi, D;S]; 

2) onpeL\eJIeHlle MaTpllU X =X T > OIlY = YT > 0, YL\OBJIeTBOplllOIIl.IIX COOT­

HOilleHIIHM (7), (25), (42) II (43); 

3) nocrpoeHlle pa3JIO)l(eHllll XOJIeUKoro Z=Y_ y2X -l =STS , me kerS=kerZ, 

S E Rrxn , [X y-1XST : 
, 11 <pOpMllpoBaHlle 6JIOQHOH MaTpl1UbI X = ; 

y-'SX y-2SXST +Ir 

4) peIlleHlle JIMH (35) C MarplluaMI1 (41) OTHOCIITeJIbHO Ko npll OrpaHI1QeHI111 

det (1m + KOD22) '" 0 ; 

5) BblQI1CJIeHlle MaTpIIU pery.T1l1TOpa (l0) no <!>0pMynaM (40). 

IIpllMeHeHlle L\aHHOrO aJIropl1TMa 6e3 orpaHl1<JeHID! (25) rrpllBOL\l1T K oueHKe J 0 < Y . 

Me:JICoYHapOOlibiU HaY'IHo-mexHu~ecKUu .JIC)IpHaq 
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Ha OCHOBe JIeMMhI 1.5.3 [10] MO)KHO C<P0PMYJIHpOBaTh aHaJIOrU TeopeM 2, 3 II 

cooTBeTcTBYIOIIIHe aJIrOpHTMhI p06acTHoll cm611JII13aUHH CHCTeMhI (38), B KOTOPhIX 

yqHThIBaIOTcSI HeOnpe.D:eJIeHHOCTH MaTpUqHhIX K03<P<PIIUHeHToB 

TIPII 3TOM KOJIIIqeCTBO MaTpIIqHhIX cooTHomeHlrH, onUChIBaIOIIIlIX oueHKII 

Jo< Y II J < y , 3aBliCliT OT Bhl60pa Ha60poB BepmHH .D:aHHhIX nonHTonOB. 

6. 1.1lIcJIeHHblH nplIMep 

TIp0.D:eMoHcrplipyeM If3JIO)!(eHHhIH no)),xo.D: K B3BemeHHoH .D:IICKpeTHOH Hoo -omH­

MlI3aIJ,IIII Ha npliMepe ynpaBmreMoH .D:BYXMaccoBoH MexaHmecKoH CliCTeMhI. AaHHaSi 

CliCTeMa COCTOIIT I13 .D:ByX TBep.D:hIX Ten C MaCCaMI1 ml I1 m2, COe.D:I1HeHHbIX npY)KHHOH 

C K03<P<PI1IJ,I1eHTOM ynpyroCTI1 k I1 CKOJIb3S1IIII1X 6e3 1'peHI15I BLJ,Onh HeIlOLJ,BI1)!(I-JOrO 

rOpI130HTaJIbHOrO CTep)!(H51. HenpepbIBHmI Mo)),eJIh B03MYIIIeHHbIX KOJIe6aHliH CI1CTeMhI 

C yrrpaBJI5IeMhIMI1 I1 Ha6JIIOLJ,aeMbIMI1 BbIXOLJ,aMI1 OnI1CbIBaercS! ypaBHeHI15IMil [17] 

x=Acx + Blcw+ B2eu, 

z =C]x + D]]w+ Dl2u, (46) 

y =C2x + D21w+ D22U, 

r.D:e 

xI 0 0 1 0 0 0 0 ­
x2 0 0 o 1 0 0 0 r : 1. 

x= , Ac = , Blc = , B2e = 
xl -kim] kim] o0 l/m] 0 0 1/~1j
x2 klm2 -klm2 0 OJ 0 l/m2 oj 

0 0 0 0] [1 0 0 0 l _ [1] [0 0 1] 
C] = [ , C2 = J' Dll =02x3' Dl2 = , D2l = , D22 = 02xl' 

0100 0100 0 000 

YnpaBnSlKlIIIee B03LJ,eHCTBI1e U Ha TeJIO C MaccoH ml rrpI1MeWreTC5I B lJ,emlX CTa-

6I1J1InalJ,I1I1 CI1CTeMbI I1 MI1HI1MI13aUHI1 BJII15IHIISI BHemHllX 11 HaqaJIbHhIX B03MymeHlIH. 

KOMl10HeHTbI w] H w2 BeKTopa B03MYIIIeHI1H W B03.D:eHcTBYIOT COOTBeTCTBeHHO Ha 

nepBoe H BTopoe TeJIO, a KOMnOHeHTY W3 COLJ,ep)KIIT u3MepSieMbIH BhIXO.D: 

Y =[Xl +W3 X2] T . KOMIlOHeHTaMI1 yrrpaBJI5IeMoro BhlXOLJ,a Z HBJIRlOTC5I yrrpaBJIeHHe u 

H CMeIIIeHI1e BToporo TeJIa x2 . 

AUCKpeTHaSI Mo)),eJIb B03MYIIIeHHhlx Kone6aHllH CUCTeMhl orrHCbIBaeTC5I B BULJ,e (38), 

r.D:e 

" " A =e" Ac , BI = fi Ac Bledt , B2 = Jet Ac B2ed! , 
o 0 

" - mar LJ,IICKPeTI13aIJ,UH, a 3Hat IeHH5I OCTaJIbHbIX MaTpHqHblX K03<P<PHIJ,HeHTOB npu­

Be.D:eHbI B (46). 
AaHHa5I CI1CTeMa 6e3 yrrpaBJIeHI15I HeycTolfqHBa Si. TIOJIara5I 

90 ISSN 0572-2691 

r.D:e PI =Pl =-= 
rrpOBO,llH.la ::. 

(25), (42) II ~ ~ 

J - onn-m aT.." 

K= [- ~ _';: 

0,0:::= : 

- O . : ·_:~ 

V= 
0,0 · 

- .0. -:= 
KOTOPblH ~­

(p = 0,98609 

Ha OCHC-~ -

CHCTeMhl C: ' :-­
3JIeMeHTOB 3~ .3 

raUIeHIUl KO_-. : 

IIIHX OT BHe _ ­

Horo Bel\ 

YBeJIWUmae - ~ 

H YMeHhw e " 

BaeMhlX ope.:=- ­
nOKa3aHO [} "'7':: 

Boro BeKTO ::. 

HH5I, a Ha pI! 
CTBylOUIlc\ . 

pa 

HaqmIbHOro ~ 

TIPI1 3TO \ \ E.2 ': 

B BH,Ile (4 -) i: 

r.n:e E= [I1 =: 
IlOJIHSleTC5I .:s=­

2,5 / 

J 2 ~•. 


1,5 

0,5 

0-- ~ 

0,8~ 
q2 

Plfe.2 

MeJICoYliapoollbl l. "­
«llpo6J1eMbl ynpas._ 



i 

2, 3 M 

h:OTOPbIX 

oueHKM 

:r: -omM­

aHHalJ 

)YiKHHOM 

BHiKHoro 

HCTeMbI 

(46) 

';- .IID; CTa-

3~HHO Ha 

BbIXO.n: 

Hu e (38), 

:-:-OB I1pH­

C ' 72 -2691 

r.n:e PI =P2 =2, P3 =0,5 H ql = q2 =0,1, C rrOMOlll,blO rrpHBe.n:eHHoro aJIrOpHTMa 

rrpoBo.n:I1JIaCb MHHHMl13aUHlJ rrapaMeTpa y , rrpH KOTOPOM BblIIOnHlJlOTClJ ycnOBH51 (7), 

(25), (42) H (43) TeopeMbI 3. B pe3ymTaTe rrpH y = 0,984 rrpH6nH)f(eHHO rronY4eH 

J -OIITHMaJIbHhIH .n:HHaMWlecKHM peryJIlJTOp (10) I10PlJ.n:Ka r = 4 C MaTpHuaMH 

K=[-0,55838 -2,48726], U=[-0,03419 2,161213,17227 0,03458], 

0,00045 0,00512 - 0,00001 - 0,00449 - 0,00483 - 0,00144 

-0,11062 0,19995 0,00309 0,67937 - 0,01313 - 0,24402 
V= , Z= 

0,07103 0,06702 0,00134 - 0,04211 0,79986 0,06285 

-·0,04030 - 0,05621 - 0,00186 0,26189 0,01718 0,95941 

KOTOPhIH o6eCrretIHBaer He:',lKcnaHCHBHOCTb H P -YCTOM4HBOCTb 3aMKHYToM CHCTeMhI (39) 

(p = 0,98609), I1pH 3TOM J o= 0,74219 H J = 0,98389. 

Ha OCHOBe <poPMYJI (28) H3yqeHa 3aBHCHMOCTb xapaKTepHcTHK J0 H J 3aMKHYTOM 

CHCTeMbI (39) OT MeXaHHtIeCKHX I1apaMeTpoB ml, m2 H k, a TaK)f(e .n:HarOHaJIbHbIX 

3JIeMeHTOB BeCOBOM MaTpHUhI Q (pHC. 1- 3). 3HatIeHHe J xapaKTepH3yeT ypoBeHb 

ralIIeHH51 Kone6aHHH B CHCTeMe, 3aBHClJ­
lll,HX OT BHeIIIHllX B03MYlll,eHHH H HatIaJIh­
HOro BeKTopa. }J.aHHM xapaKTepHCTHKa 
yseJIH4HBaeTClJ I1pH yseJJHt{eHHH MaCChI ml 

H YMeHblIIeHfIH MaCChI m2 B paCCMaTpH­

BaeMblX npe.n:enax (CM. pHC. 1). Ha pHC. 4 
nOKa3aHO nOBe.n:eHJIe KOMI10HeHT <pa30­
Boro BeKTopa Xt CHCTeMbI 6e3 ynpaBJle­

HH51, a Ha pHC. 5 - rrOBe.n:eHHe COOTBeT­
CTBYlOlll,HX KOMnOHeHT <pa30Boro BeKTO­
pa 3aMKHYToM CHCTeMbl (39) npH 
YKa3aHHblx 3HatIeHHlJX napaMeTpoB H 

HatIaJIbHoro BeKTopa Xo =[1 -1 2 - 2]T. 

fIpH 3TOM BXO.n:HOH CHman wt BbI6paH 

B BH.n:e (45) C MaTpHueH e=.JP-IEjQ, -P-Hc-.-l----------­

r .n:e E = [12 02xi1 T, p =diag{2; 2; 0,5}, Q = 0,112, y = 0,984 . B )TOM cJIY'Iae Bbl­

rlOJIIDIeTClJ paBeHcTBo eTpe = Q . 

1,8 .~. 10 

2 EJ 
1,6 \

1 I 
10 

1,2 
,,, , ,, ,,0,8 , 

0,6
1,2 1,4 1,6 1,8 2 2,2 2,4 k 2,8 

q2 ql 

PHc.2 PUC. 3 
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PI1C.S 

3aKJII04CHHC 

B )l.aHHOH pa60Te CQlOPMYJIl1pOBaHbI KplUepl1l1 cTa6IDI11311pyeMOCTl1 no BbIXO)l.y 

JIHHeHHhlx )l.l1CKpeTHblx Cl1CTeM yITpaBJIeHl1~ C nOMoillblO )l.HHaMl1'leCKl1X peryJI~TO­

pOB ITP0113BOJIbHOrO ITOp~)l.Ka. )1,JI~ KJIaCCa JIl1HeHHbTX )l.HCKpeTHbIX Cl1CTeM C ynpaB­

JI5!eMhIMH 11 Ha6mo)l.aeMbIMl1 BbTXO)l.aMl1 pa3pa6oTaHbI MeTO)l.bI ITOCTpOeH115! )l.l1Ha­

MJ11leCKHX peryJIHTOpOB, 06eCrre'fHBa1OIlll1X )!(eJIaeMYIO oueHKY B3BerneHHoro ypOBH~ 

nO)l.aBJIeHI1~ BHeillHI1X 11 Ha'faJIbHbIX B03MymeHI1H . ,D;aHHble MeTO)l.bl npl1 OITpe)l.e­

JIeHHhIX npe)l.ITOJIO)!(eHI1HX MoryT ITpl1MeHHThCli K HeKOTophIM KJIaCCaM HeJII1HeUHbIX 

)l.I1CKpeTHhIX CHCTeM ynpaBJIeHI1H. 

411CJIeHHaH peaJIH3aUl1l1 rrpe)l.JIO)!(eHHhIX 3aKOHOB ynpaBJIeHI1R B BI1)l.e CTaTl1'feCKI1X 

perYJIHTOpOB ITO COCTO~HHIO I1JIH )l.I1HaMJ11IeCKI1X perYJIHTOpOB nOJIHOrO nOp~)l.Ka ITO 

Ha6JIIO)l.aeMOMY BhIXO)l.y CBO)l.HTC~ K perneHI1IO CHCTeM JllmeHHbIX aTIre6pal1l{eCKI1X 

MarpH'fHbIX HepaBeHCTB. )l,n~ :noro MOryT I1CITOJIh30BaTbC~, Hanpl1Mep, 3<jJ<jJeKTI1BHhIe 

BbI'fI1CJIlITeJIbHhle Cpe)l.CTBa LMI Toolbox CI1CTeMbI MATLAB. 

o.r MCl3KO, eM Kyciu 

CTAEIJII3AI(lJI ITO BI1XO,lJ;Y I 3BA>KEHE 
norAlilEHIDI 3EYPEHb Y)J,I1CKPETHI1X 
CI1CTEMAX KEPYBAHIDI 

,aJlll .l\ellKJ.IX KJIaciB ):Il1CKpeTHI1X JliHii'i1mx i lIeJliHiJ1HI1X CI1CTeM KepYBaHHll C<jlOPMY­
JlhOBallO YMOBI1 cTa6iJliJoBHocTi !lO BI1XO.l\Y 3a .l\O!lOMOrOIO ):\I1HaMi'lHl1x perYJlllTO­
piB. ,anll ):Il1CKpeTlIl1X CI1CTeM 3 KepOBaHI1MI1 i cnocTepelK)'Balll1MI1 BI1XOnaMI1 3anpo­
nOHOBaHO MeTO):l11 no6Y.l\OBI1 CTaTI1'lHI1X Ta ):Il1l1aMi'lHI1X perYJIlITOpiB, lIKi 3a6e3!le­
'lYJOTb 3a.l\allY OUillKY 3BalKeHoro piBHH raciHHll 30BlliuIHix Ta nO'laTKOBI1X 36ypeHb. 
PeaniJauill nalll1X MeToniB 3 BI1KOpl1CTallllllM CTaTI1'lHI1X perYJlllTopiB 3a CTaHOM aGo 
.l\l1l1aMi'lHI1X perynllTopiB !lOBHOrO nOpll.IJ.KY 6a3yeTbcll Ha P03B'1l3aHHi CHCTeM ni­
HiHHI1X MaTpl1'lHI1X HepiBHOCTeH. HaBe.IJ.eHO npHKJla):l CI1HTe3Y perYJlHTOpa ):IllS! 
.lJ.BOMaCOBo·j MexaHi'lHol 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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