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AXTyaJIbHOCTDh TeMbl. II3yuaembie B 3T0i paboTe 3amadm MOXKHO pac-
CMaTpUBATh KAK €CTECTBEHHOE PAa3BUTHE OCHOBHON TEeMATWKHU KJIACCHYe-
CKOfi Teopuu peryJImpOBaHusi, COCTOSAINEN B TOCTPOEHUN JIMHEHO# oOpaT-
HOII CBs13U, cTabUIM3UpyoOmeil ncxomubiii 00bekT. B kj1accuaeckoit mocra-
HOBKE ODBIYHO M3YYAIOTCA CTAIMOHAPHBIE O0OBEKTHI, TIOBEIEHNE KOTOPBIX
MOJIeSTUpyeTcs JimHedHbiMu auddepeHnranbHbIMUI YPABHEHUSIMA WJIUH CH-
creMamu JinHEHHBIX TudGEePEeHINATIBHBIX YPABHEHUN € TOCTOAHHBIMU KO-
a3 PUIMEeHTaMT 1 TEM CAMBIM BOTTPOC CBOINTCSI K TTEPEMEIICHNTIO B 33 JAHHOE
MHOXKECTBO (HANpPUMED, B JIEBYIO MOJIYIJIOCKOCTh) KOPHEH XapakTepuCTu-
YECKOTO MHOTOUJIEHA MATPUIHI CUCTEMBI.

B apyroit TepmumnOSIOrME 9T 33a7a9M MOXKHO MHTEPIPETUPOBATH KAK
3a/1a9y yopaBJeHus moKazaresiaMu JIsnyHoBa. 910 MO3BOJIAET PACIINPUTD
KJIACC M3Y4aeMbIX OOBbEKTOB, BKJIIOYUB B HEIO HECTAIMOHAPHBIE CHCTEMbI
muddepennuaababix ypaBuennii. TakuMm 00pasoMm, MOSBJISAETCS BO3MOK-
HOCTH TTPUBJIEYEHNS AKTUBHO PA3BUBAOIIEHCS Teopun mokasaresed Jlsmy-
HOBa (CyLIECTBEHHBII BKJIaJ B PA3BUTHE KOTOPOl B MOCJIEIHMUE TOMAbI BHE-
coin B. ®@. Bouios, P. 9. Bunorpaz, 1. M. I'pobman, B. M. Musinonmmkos,
H. A. Us0608, M. 1. Paxumbepaues, 1. H. Ceprees u up.) u abcrpakTHoili
TEOpUN NUHAMUYECKUX CUCTEM K W3YUYEHWIO YNCTO YIPABJIEHYECKUX 331a4.

B 6o0J1ee 0b6meit mocTaHOBKE 331a9K YIIPABIEHNS TIOKA3ATE ISIMA MOXKHO
U3y9daTh KaK 330a9M JISIMYHOBCKON MPUBOINMOCTHU YIPABJISIEMBIX CHCTEM.
Bamagam ynpaBieHus mokasareaMu JIsamyHoBa U BOIPOCAM JIAMY HOBCKO{
MIPUBOMUMOCTH YIPABJIsIEMBIX CHCTEM MOCBsmmeHbl paborel II. Bpymoscko-
ro, E. JI. Toukosa, H.X. Pozosa n M.N. Paxumbepamnena, C. H. Tlonosoii,
E.K. Maxkaposa, 1. M. Osenunkosa, 1. B. Taitmyna u mp.

Paccmorpum cucremy

t=A(t)z + B(t)u, (t,z,u) e RxR"* xR™ (1)

C OrpaHMYEHHBIMY U KyCOYHO HenpepbiBHbiMU Ha R marpuuavu A(-) u B(-).
Yupassienue B cucreme (1) crpouTcs mO mpUHNMITY JIMHEHHOH 00paTHOR
csasu u = U(t)x. D70 IPUBOAUT K U3YUCHUIO 3AMKHYTOH CHCTEMBI

= (A(t) + B(t)U(t))a:. (2)
Cucrema (2) rnobansHo npusoguma no JlsnyHoBy, ecJiu [1ist 110601 cucTeMbl
y=D(t)y 3)

C OTpaHUYEHHOI U KyCOYHO HenpepbiBHOM Ha R matpurneir D(-) cymecTByer
KYCOYHO HenpepbiBHOE u orpanudennoe ynpassenue U = U(-), upu koro-
poM cucTeMma (2) acCHMITOTHYECKN SKBUBAJICHTHA cucTeMe (3), T. e. cymie-
crByer npeobpaszosanue Jlanynosa z = L(t)y, cBA3bIBAIOIIEE 9TU CUCTEMBbI.



B pa6ore E.K. Maxaposa u C. H. Ilonosoii! mokaszano, 4ro ecim n = 2,
cucrema (1) paBHOMepHO BloJIHE yrnpasisgema u mMarpuua B(-) paBaomep-
HO HEMpepBIBHA, TO cuctema, (2) ryiobasbHo npuBoauma 1o JIamnyuoy. s
MTPOM3BOJILHOTO 71 DTOT BOMPOC TOKA OCTAETCST OTKPBITHIM.

ITens paboThl — u3yuyeHUe 33089 ynpasjieHus (B JIOKaJIbHOR U TJ10-
6asbHOll OCTAHOBKE) mokasaressMu JIsmyHoBa U BOIPOCOB JISIILYy HOBCKOM
MPUBOAUMOCTHY OUJTMHERHBIX yIPABJIAEMbBIX CUCTEM U, B YACTHOCTH, JIMHEH-
HBIX YIIPABJISIEMBIX CUCTEM C HAOJIIOIaTESIEM.

Hay4ynasi HoBusHa. B pabore BBeIeHO TIOHATHE JIOKAJBHON TOCTUK M-
MOCTH OUJIMHEWHOIl yTpaBJjisieMOil CHCTEMBI, TECHO CBS3aHHOE C METOIOM
noBoporoB B. M. Munmmonmukosa. okazana Teopema O JIOKAJbHON Jis-
MIyHOBCKOW MPUBOAMMOCTU PABHOMEPHO JIOKAJILHO HOCTHKUMOI CrCTeMbI.
Tlokasano, 4T0 IJIsl PEKYPPEHTHBIX CHUCTEM CBOMCTBA JIOKAJILHOU [10OCTHU-
JKUMOCTHA U PABHOMEPHON JIOKAJIBHOM JOCTUKUMOCTH SKBUBAJIEHTHBI. 151
IMHAMAYECKO! CHCTEMBI CIBUTOB TIOJIYYEH Pl yTBEPKIECHUN O JIOKAJIHHON
yrpasJisiemocTu nokasareseit JIamynosa. I3ygeno cBoiicTBO corsiacoBanHo-
ctu, sBemerHoe B pabore C.H. Ilonosoii u E. JI. Torkosa?. [Jokazano, 9To
B HEKPUTUYECKOM CJiyudae (HyJlb HAXOAUTCS BHYTPU MHOXKECTBA 3HAYEHUll
JIOMYCTUMBIX YIIPABJICHNUIT) U3 CONIACOBAHHOCTHU CJIEAYET JIOKAIbHAS TOCTHU-
KUMOCTbH. 1loJIy4eHbl pas3/imdHbie KPUTEPUH COTJIACOBAHHOCTHU. 110oapo6HO
UCCJIEIOBAHBI CTAIIMOHAPHBIE COTJIACOBAHHBIE CUCTEeMbI. [1osTyueHbl He0OXO0-
[IMMbIe U [IOCTATOYHbBIE YCJIOBHUS TJI00AJIbHON yIPABIIAEMOCTH TIOKa3aTeseit
JIsimyHOBa 17151 CTAMOHAPHON CHCTEMBI ¢ HEmoJIHOM oOpaTHoit cBa3bio. o-
Ka3aHa TeOpeMa O A\-MPUBOAUMOCTHU HECTAIMOHAPHONH PABHOMEPHO BIIOJTHE
yrpasJisiemoii cuctembl. ChopmMyInpoBaHbBI CJIEACTBUS O TJI00AIBHOI yIIpa-
BJISIEMOCTH IIEHTPAJILHBIX 1 OCOOBIX TTOKa3areseii. [lokazana Teopema o riio-
6aJsbHOIl yripaBJisiemocTu mokasaresieii JIsamyHnosBa cuctem ¢ KyCO4YHO TIOCTO-
SHHBIMA MATPUIAME B CJIy9ae N = 2 U ONUCAHA Uesl JOKA3ATEILCTBA ITOR
TEOPEMBbI [1JIs1 TTPOU3BOJIHHOTO N.

Teopernueckasi U mpakTUYecKasi MeHHOCTh. J[oka3anHas B paboTe
TeopeMa 00 yIpaBJeHNN TOKa3aTeaamu JIanyHOBa CTAIMOHAPHON CHCTEMBI
¢ HaOJIOIATesIEM ABJIAETCS OOOOIIEHNEM KJTACCUIECKOrO Pe3yJIbTAaTa TeOo-
pUM PeryJIMpoBaHUsI O CyIIECTBOBAHNHN JIMHEHHON oOpaTHOil cBA3M, cTabu-
ausupyiomeit cucremy. [lonpobHO nccIe00BAHO CBORCTBO COTJIACOBAHHOCTH.
Permien Bomrpoc 0 ri106a/16HOM yIIPABJISIEMOCTH IEHTPAJIBHBIX U OCOOBIX TTOKA~

! Maxapos E. K., ITonoea C. H. O rio6abHOi yIpaBIseMOCTH TOJTHOH COBOKYTHOCTH
JIAMYHOBCKUX NHBAPUAHTOB JBYMEDHBIX JnHelHbIX cucteM // Iuddepenn. ypaBrenus. —
1999. — T. 35. — Ne1. — C. 97-106.

2IIonosa C. H., Tonkos E. JI. YupasJienne moKa3areiaMu JIAmyHOBa CONIACOBAHHBIX
cucrem. I // Ouddepenn. ypaBuenusa. — 1994. — T. 30. — Ne 10. — C. 1687-1696.



3aresieil cucrembl (2) ¢ OrpAHUYEHHBIMU KYCOYHO HENPEPLIBHBIMU MATPH-
vamu. Hekoropblie umen u Merombl, IpemioxeHnbie B pabore (Hanpumep,
uaen, MpUMeHsIeMble TIPU J0KA3ATEIbCTBE TEOPEMBI O TJIO0AJIBLHOI yrpa-
BJISIEMOCTH TIOKA3aTeJsIell KyCOUYHO MOCTOSHHBIX CUCTEM U JP.) MOTYT ObITh
UCITOJIb30BAHBI TIPU PEIIEHNN APYTUX 33024, CBA3AHHBIX C YIIPABJIEHIECKO
TEeMaTUKOM.

Anpobamus paborel. Pabora nomuepxana Poccuiickum dporgom dpyH-
JaMEeHTaIbHBIX uccyenoBanuii (rpauter 97-01-00413, 99-01-00454) u kon-
KYPCHBIM IIeHTpOM (byHIAMEHTAIHLHOTO ecTecTBO3Hanus (rpaat 97-0-1.9).

Pesyabrarsr nuccepranuu IOKJIAIBIBAINCH HA 3acemaHusx lzKeBCKO-
IO TOPOACKOTO cemmHapa 10 udHepeHIna bHbIM yPABHEHUSAM W TEOPUN
yopasjenus B 1997-2000 romax, na mexayHnapoauoit koudepentuun [FAC
«Hernankue u paspoiBable 3a1a4u ynpassienus u ontumusanuuy (NDPCO-
98, Yenabunck, 19981.), na yerseproii Poccuiickoii yHuBepCUTETCKO-aKaIe-
MUYECKOl HayuHO-npakTudecKoii koudepennuu (Mxesck, 1999r.), na ce-
MUHApe 10 KadecTBeHHO# Teopuu nuddepeHuuaibubix ypaBHeHuil (ka-
denpa muddepeHnuanbHbIX ypaBHEHUI MEXaHUKO-MATEMATUIECKOrO (b-Ta
MTIY, Mocksa, 20001.).

ITy6ankarmuu. OCHOBHBIE PE3yJIBTATHI IUCCEPTAINNU OMYOIMKOBAHBI B
mecTn paboTax.

CrpykTypa m 06b€M paboTsnl. [luccepranusi COCTONT W3 BBEIEHUS,
Tpex 1JiaB, onuHHaauaTH naparpados (Hymepaius naparpadg)oB CKBO3HAs)
u conucka gureparypbl. O6bém nuccepramuu 102 crpanunst. Bubauorpadu-
YecKuii cnmcok comep:KnT 64 HAaMMEeHOBAHUSI.

Kparkoe conepxxanue paboTsl

Bo BBemeHHH mpuBOINTCsT 0030pP OCHOBHBIX PAa0OOT HA 3Ty TEMY, OIH-
ChIBaETCsl O0OMmasi MOCTAHOBKA 33[1a4M W M3JIaraeTcsl KpaTKoe ComepikKaHue
paboTsl o maparpadam.

B nepBom naparpadye aucceprainyuy BBEIEHbI OCHOBHBIE OIIPEIeICHI T
7 TIOHATHS, UCIIOIb3yeMble B pabore. B nuccepranun n3y4datorcst 6Guinneii-
Hasl yIPaBJIgeMasi CUCTEMA

= Ao(flw)r + v Ay (flw)z + - +u A (flw)z,  (z,u) €R™ xR™ (4)
u smHeliHas ynpasisgemas cucrema ¢ Habsogaresem
&= A(f'w)z + B(flwyu, y=C*(flw)z, (z,uy) e R (5)

napaMeTpU30BAHHBIE IIPU IIOMOIIN TOIOJIOTHYECKOll AMHAMIYECKOR crucTe-
mot (Q, f1). B cucteme (5) ynpassenue dopmupyercs B sune u = Vy, e



marpuua V = V(t,w) ynpapisgiomux napamMerpoB BbIOUpaeTcs u3 HEeKOTO-
poro GpuUKCUpPOBAaHHOTO MHOXKECTBA. [10JIy9eHHY 0 B pe3yIbTaTe 3aMKHY TY IO
cucTemy

& = (A(f'w)z + B(flw)VC* (f'w))x (6)

OyzmeM 0TOXKAECTBIIATS ¢ mapoit (A,w), tne A = (4,B,C) : Q = My pim+k
(M., — TPOCTPAHCTBO MATPHI, PA3MEPHOCTH M. X M, €CaMm M = M, TO
numem M,), a Gununeiinyio cucremy (4) oroxmecrsum ¢ napoii (B, w), rue
B= (AO,Al, - ,Ar) Q- Mn,n(TJrl)'

Bcesakyio cuctemy (6) moxuo 3amucars B Bue (4). IeiicTBuresibHO, €ciu
Bw) = (b1(w),....bp(w)), Cw) = (c1(w),--.,cx(w)), bi(w),cj(w) € R,
V={vy} (i=1,....m;j=1,...,k), 10

B(w)VC* (w) = v11b1(w)c] (w) +v12b1 (W) 3 (w) + - - -+ v1by (w)ef (w) + - - -
+ Vi1 (W)t (W) + -+ - + Vg b (W) € (w).

IlosTomy, ecint oJIOXKUTH T = Mk,

Ap(w) = A(w), A1(w) = by (w)ef (W), ..., A (w) = b (w)c(w), ...,
Ar—k1(W) = b (W)ef (W), - - -, Ar(w) = bn(w)cg (w),

TO T€M CaMbIM Kaxuoi cucreme (A, w) MOXKHO II0CTABUTb B COOTBETCTBUE
cucremy (B,w). 3mecy marpuuanomy ympassenuio V = {v;;} oTBeuaeT Bek-
TopHOe yrpasjenue u = (u1,-...,u,) = vecV, nae vec — onepauusi, pas-
BOPAYMBAOIIAA MATPUILY 1O CTPOKAM B BEKTOp-CTOJIOEN. Takum ob6pasom,
cucrema (4) nmeer Gostee obmuil Bua 1o cpaBHeHUIo ¢ cucremoii (6), mo-
5TOMY BCE yTBEPIKICHUA NEPBOH [IaBbl (CHPaBEITHBbIE KAK [UIA CHCTEMBI
(A, w), Tak u gna cucremol (B, w)) ¢hOPMYIIPOBAHEI U HOKA3AHBI TOJILKO
st cucremsl (B, w).

IMycrs durcuposanb npoussosibHoe Muoxkectso U C R” (0 € U) u
HHBApPHAHTHOE OTHOCHTEJILHO MOTOKa, f! MHOKecTBO F C ). COBOKYyIHOCTD
U orpannyennbix Ha R X E dyukumit (¢, w) — u(t,w) co 3HaUYeHUAMU B
U Ha3bIBAETCS MHOXECTBOM [OMYCTUMbIX YNpasneHuii, ecau pyHKIms & —
u(t,w) usmepuma ua R npu xaxnom w € E. Yepes X, (¢, s,w) obosnavaercsa
marpuna Ko cucremsr (4) npu u = u(t,w), coorBercrernno Xo(t, s,w) —
marpuna Komn cucremnsr & = Ag(fiw)z. Iycts Dy(w) C M,, — MHOXeCTBO
BOCTUXMMOCTN MATPUIHOTO YPABHEHUsI, OTBEYAIONIEr0 ypasHenuio (4), us
roukn X (0) = I 3a Bpems ¥, korma u(-) npoberaer MHOXKeCTBO U.



Onpeneanenue 1. Cucrema (B,wy) HasbiBaercs NOKasbHO [O-
CTUXUMON, ecin Haiiomyrcsa ¥ > 0 u € > 0 Takue, 4TO BBIIOJIHEHO BKJIIO-
genne B (I)Xo(¥,0,w0) C Dy(wo), tme B:(I) C M, — &-OKpecTHOCTb
enuangnoii Marpunel. Cucrema (B,wg) Ha3bIBAETCsI PaBHOMEPHO JSIOKasb-
HO pJocTymxumoi, ecim HadmyTes ¥ > 0 uw € > 0 Takuwe, 9YTO BKJIIOUEHUE
B ()Xo (9,0,w) C Dy(w) BEImOTHEHO M71a Beex w € F(wp), rme F(wo) —
3aMbIKaHU€ TPAEKTOPUHU TOYKHU wq € ).

Henocpencrsenno us onpenesnenus 1 caemyer, aro cucrema (B, wg) J10-
KaJIbHO JOCTUKMMA TOT[IA U TOJIBKO TOTIA, Korma cyrmecTByoT ¢ > 0, > 0
Takue, 9T0 1Jisi Jioboit marpunst H € B.(I) naiinercs momycrumoe ympa-
Bistenue u(t,wp), t € R rakoe, uro

Xu(ﬁaoawo) = HXO(ﬁaanO)’ (7)

u cucrema (B,wy) paBHOMEPHO JIOKAJIBHO AOCTHKUMA B TOM M TOJIbKO
TOM ciydvae, ecau cymectByioT ¥ > 0 m € > 0 Ttakwe, 4TO IJI JIIO-
Goit byuxmmn H : F(wo) — B.(I) Haiimercs momycTumoe ympabiieHne
u : R x F(wg) — U, obecneunBaromee st BceX w € 7(wp) paBeHCTBA
Xu(ﬁa 0; w) = H(w)XO(ﬁa 0; w)‘

CBOICTBO JIOKAJIBHON JOCTHKUMOCTH TECHO CBS3aHO C METOJOM IIOBO-
potoB B. M. MununonmukoBa. Hasmndume cBoiicTBa JIOKAJILHOM JOCTHKUMO-
CTH TIPEHOCTABJISIET BO3MOXKHOCTH (B CUITy (7)) «HEMHOTO TIOBOPAYNBATH»
marpuiyy Ko cucrembt (4) ¢ MOMOIIBIO TIOAXOISANIErO YIIPABICHNA U TEM
CaMbIM JIOKAJIbHO BJIMATH HA IIOBeleHue perunenuii (ecsu 6bl Mbl MOryu obec-
neduth paBencTso (7) as Jyoboit marpunst H ¢ det H > 0, 10 Mbl MOIJIn
Obl r100aJIbHO BIIUATH Ha ToBenenue pemennii). He Bcsakas cucrema obJia-
JIAeT 9THM CBOHCTBOM, HO OUeBMIHO, 4TO cucrema & = A(t)x + V(t)x, roe
marpuna A(t) orpanudena, a 3JeMeHTbl MaTpullbl V (1) HHTEPIPETUPYIOTCS
kak ynpasisoomue Gyukuun (|V ()] < €), paBHOMEPHO JIOKAJIBHO JIOCTH-
xuma. Takum 06pazom, BbIIOIHEHO (7), 1 9TO 06CTOATETLCTBO II03BOJIMIIO
B.M. MI/IJIJII/IOHHH/IKOBy3, a BCJIEM 32 HUM U OPYTUM HCCenoBaTeAM  TI0-
CTPONTH COBPEMEHHYIO Teopuio mokasareseit JIsmyrnosa.

3 Musauonwuros B. M. Kpurepuii Masioro n3aMeHeHus HAIPABICHIH perennii TuHei-
HOi cucTtemsbl quddepeHnnabHbIX YPABHEHN) IPU MAJIBIX BO3MYIIEHUSX KOaddunnen-
ToB cucremsl // Marem. 3amerku. — 1968. — T. 4. — Ne2. — C. 173-180.

Muasuonuuxos B. M. T'pybble cBoiicTBa JuHEHHBIX cucTeMm auddepeHnnaTbHBIX
ypasreruil // Ouddepenu. ypasrerus. — 1969. — T. 5. — Ne10. — C. 1775-1784.

Muannruorwuros B. M. JlokazaTesbCTBO IOCTIKUMOCTHU I€HTPAJIBHBIX IOKa3aTeJieil
smeeiEbx cucrem // Cub. marem. xypraa. — 1969. — T. 10. — Ne 1. — C. 99-104.

4 U30606 H. A. Jlunetinbie cuctems! muddbepeHuaIbHbX ypaBHeHH // Utoru Hayku
u Texu. BUHUTU. Marewm. ananus. — 1974. — T. 12. — C. 71-146.



Onpeneanenue 2. Cucrema (B,wy) obnagaer cBONCTBOM NOKasb-
HOIl yrpaBnsieMoCTu nokasateneii JlanyHosa, ecoiu cymecrByer § > 0 takoe,
9TO [JIs JIIO0OTO BEKTOPA (1 = (p1, ..., fin), |p| < 0 Hallmercs momycTumoe
ympassienne u,(t,wp), onpenesentnoe Ha R, KOTOpoe 00eCIednBaeT paBeH-
crBa Ai(B,wo,uy) = Ai(B,wo,0) + g, @ = 1,...,n, tme A\(B,wo,u,) —
nokasarenu Jlamynosa cucremsr (B, wo) mpu yopassennn u = u,(t, wo).

Bo BTOpOoM maparpadye m3ydarTcs CBONCTBA JOCTUAKUMBIX CHCTEM.
IIpenmosmtaraercs, uro U — BBITYKJIBIH KOMTAKT. [lokazano, 9To B ciydae,
KOTIa () — MUHMMAJILHOE MHOXKECTBO, CBOHCTBA JIOKAJIBHOMI TOCTUKUMOCTHI
1 PABHOMEPHO JIOKAJIbHOU OJOCTUXKUMOCTU HKBUBAJICHTHBI.

B TperheMm maparpade 10Ka3aHO OTHO W3 OCHOBHBIX YTBEPIKICHUIX
PabOTHI — Teopema O JIOKAJILHO JIAMYHOBCKOI TPUBOANMOCTH, T. €. O TIPH-
BOAWMOCTH K CHCTeMe OJIM3KOI K HEBO3MYIIEHHOM.

Teopewma 1. IIyemov cucmema (B,wg) pasnomepro sokarvho do-
cmuotcuma. Tozda cywecmeyem § > 0 maxoe, wmo das A1060G mampu-
yot P : F(wo) — Bs(0) C M, wnatidemcs donycmumoe ynpassenue U
R X (wo) = U, npu xomopom cucmema

& = (Ao(f'w) + U1 (t,w) A1 (flw) + - + Up(t, w) A (flw)) 2
nPUBOJUMa AANYHOBCKUM Npeobpasosanuem = L(t,w)y & cucmeme

9= (Ao(f'w) + P(f'w))y.

B 4gerBeprom maparpadye moJIydYeHbl CJEICTBUASA U3 TEOPEeMbl 1 O JI0-
KaJILHOH YTIpaBJIsIEMOCTH TIoKazaTesieit JIlsmynosa. s cucrembr

= (Ao(t) +urAi(t) + - +u A, ()z,  (tz,u) ERXR* xR, (8)

samannoit dynkmmeir A = (Ao, A1,...,A4;) : R = M, »(y41), TOCTPOUM [T11-
HamMuueckylo cucremy casuros (R(A), f1). Hokasambl caemymomue yTBep-
XK JICHUS.

Teopewma 2. IIyemv cucmema (8) pasgHomepHo A0KaABHO docmu-
ascuma. Ecau cucmema

i = Ao(t)z 9)

NPABUALHAS AL Juazonaaudupyeman (M. e. NPuBoJUMCA AANYHOBCKUM
npeobpasosaruem ¥ Juazonarvhoti cucmeme), mo cucmema (8) obaadaemn
€801lcmeoM A0KAABHOT Ynpasasemocmu nokasameaneli Jlanynosa.



Teopewma 3. IIyemv cucmema (8) pasHomepHo A0KaALHO docmu-
arcuma. Ecau noxasamenu cucmemnt (9) yemotinusol, mo cucmema (8) obaa-
daem c60licmeom A0KANDHOT YNPABASEMOCTIU TONGPHO DAAUNHHLT TOKA3A-
meaet; JIanynosa.

Teopewma 4. ITycmov Pynxyus t — A(t) pexyppenmua u cucmema
(8) noxaavro docmuscuma. Tozda cywecmeyem maxoe § > 0, wmo dasn ato-
6020 eexmopa pt = (p1, ..., un) € OF(0) natidemea donycmumoe ynpasae-
nue u” : R — U, npu xomopom 0as nowmu écex Ae R(A) (omnocume/wno
ar060t uneapuanmmoti seposmmuocmmoti mepo, p na R(A)) cucmema

&= (Ao(t) + ul W) AL () + - - + ul (DA, (1)) (10)

ABAAEMNCA NPAsUALHOT U ee nokazameay JIanynosa \; (.Z, u") ydosaemeo-
DA PABEHCTNEAM \; (.Z, u") =Ni+pi, i =1,...,n, ede \; — noxazameau
Jsnynosa cucmemwvs & = Ag(t)z.

Teopewma 5. Iycmov $pynxyus t — A(t) nowmu nepuoduuecras no
Bopy, cucmema (8) aokasvro docmuosicuma u cucmema & = Ag(t)z umeem
cosokynHocms u3 n omadeaennoir pewenut. Toeda cucmema (8) obaadaemn
ceolicmeom A0karvroll ynpasaaemocmu nokasameneli Jlanyrnosa daa ecex
A € R(A) u ecakas cucmema (10) saeasemea npasusbHot.

B narom naparpade usydaercs CBOHCTBO COrJIACOBAHHOCTH JIJIsI CU-
crem (A w) u (B,w). dokasano, uro B ciiyuae, koraa 0 € int U, us cornaco-
BaHHOCTH (PaBHOMEPHOMN COIJIACOBAHHOCTH) CJIEAYET JIOKabHas (COOTBET-
CTBEHHO PABHOMEPHAs JIOKAJIbHASA) JOCTUKUMOCTD. [lokasano, 4ro obpar-
HOE YTBEPKIEHNE HEBEPHO.

B mrecrom naparpadye 0/Iy4YeHbl Pa3/InIHble KPUTEPUH COTJIACOBAH-
Hoctu cucreM A u B s nunamudeckoii cucrembl capuros. Jokasana re-
opeMa, KOTopasi UJJIIOCTPUPYET CBA3b MEXKJY CBONCTBOM COIJIACOBAHHOCTH
cucTeMbl A U cBOiicTBaMm yIpaBiageMocTH n Habmonaemoctr®. [Tokasamo,
9TO CBOWCTBO COIJIACOBAHHOCTU SKBUBAJICHTHO CBOICTBY MOJIHOI yIIpaBJIf-
emocTu «6osbimoit cuctembr»S. Tloyuensl HEOOXOIMMBIE U OCTATOUHBIE
YCJIOBHS COIJIACOBAHHOCTHU, BbIPA’KEHHbIE B TEPMUHAX HEBBIPOXKIEHHOCTH
MaTPUYHON KpaeBoli 3a1a4n U B TEDMUHAX CylIeCTBOBaHus Marpuupbl V (1),
yzaoBjieTBopsaiomeii Hekotopomy muddepeHnnaIbHOMy HepaBEeHCTBY .

5ITonosa C. H., Tonxos E. JI. Yupapsienne noKasaresiaMu JIAmyHOBa CONTaCOBAHHBIX
cucrem. I // Nuddepenn. ypasrenna. — 1994. — T. 30. — Ne 10. — C. 1687-1696.

6 [Tonosa C. H., Tonxoe E. JI. Corsacopannbie CUCTEMBI I yTIPABJICHHUE TIOKA3ATE IAMA
Jlanynosa // duddepern. ypasrenns. — 1997. — T. 33. — Ne 2. — C. 226-235.

" Kyamouwes C. I0., Tonxoe E.JI. YupasiasemocTs JmHeiiHON HecrammoHapHOH CH-
cremsl // Ouddepenn. ypaBuenus. — 1975. — T. 11. — Ne11. — C. 1206-1216.



B cenpmom nmaparpadye moapobHO NCCTIeI0BAHO CBONCTBO COTJIACOBAH-
HOCTH JJisl CTAIMOHAPHBIX cucTeM. [lokazano, 910 i cucTeM ¢ HaBJIIO-
JIaTesieM HesIb3s 0606muTh pesyanTar paboTrs B. M. Ilomosa® 06 sxBuBa-
JIEHTHOCTH CBOWCTB TJIO0AJIHLHON ympaBJiseMOoCTn mokazaresieii JIsmymnosa
CTAIMOHAPHOM cucTembl (2) U BHOJIHE ypaBjigeMocT cucteMbl (1).

BocbMoii maparpad mocBsAmeH MCCIEIOBAHUIO CBOMCTBA ITOOAIBLHOM
yopasjsgeMocTu mokaszareseit JlanynoBa crammonapubix cucrem A u B.
ITycts A — conpoBoxkpamomas MaTpuia s MHOrouwreHa o(A) = A" +
a A" L4+ 4ay, T e

0 1 0 0
0 0 1 0
A= : : : R . (11)
0 0 0 oo 1
—an —Ap—1 —AQp—2 ... —a1

n
[Mocrpoum no marpuiie A marpuny G = Y a;1J | € My, ap = 1, tne
i=1
‘]P = {aij}?,jzla Qi itp = Li=1...,n—pm Qi = 0 mpm j —i 7£ 2
p€e{0,...,n—1},

1 0 0
ap 1 ... 0

G=| . . . | (12)
Ap_—1 ajq 1

Paccmorpum npoussosibayo matpuity D € M, uMeronyo OJIOYHbBIH BUI

; (13)

0 0
F 0

roe F e Mn+17k’k, ke {]., .. .,n}.

Teopewma 6. [Tyemv A umeem eud (11), D umeem eud (13) u
X(A+ D, X) = X + A"+ .o+, — zapaxmepucmumneckuli mHozo-
ypen mampuywvt A+ D. Tozda v; = a; — Sp DJ;—1G das ecex i =1,...,n.

Otcropa BeITEKaeT TeopeMa 0 TJIO0ATBHO ypaBiseMocTn mokasaTeei
JlanynoBa cucrembr A.

8 Popov V. M. Hyperstabilitatea sistemelor automate. Editura Academiei Republicii
Socialiste Romania. 1966. (Ilepeson ¢ pymsiackoro: ITonoe B. M. T'mmepycroiamBocTh
aBTomMaTnueckux cucreM. — M.: Hayka, 1970. — 456 c.)
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Teopewma 7. Ilyemv A umeem 6ud (11) u C*e;ejB = 0 daa ecex
1< j<i<n Tozda cucmema A = (A, B,C) obaadaem ceoticmeom za0-
basvHoli ynpasasemocmu nokazamenet JIanynoea 6 mom u MOALKO MOM
cayuae, ecau mampuyvs C*J;_1GB, i =1,... n AuneliHo He366UCUMDL.

Onsa cucrembr B = (Ao, A1,...,A,) Teopema o r06asibHOR ypaBJis-
eMocTH ToKazareseit JIsnywoBa (opMyaupyercs CjeayiommM o00pa3oM.
Mycrs Ag umeer Bua (11). IMocTpoum mo marpune Ag marpuny G. Hanee
MOCTPOUM MATPHILHI

Q = [vecJi,vecJy,...,vecJ:_] € Mp2 ,, P=G®I" € M,,

R =[vecAy,...,vecA,] € M2 ,, S=Q"PR € My,.
Teopewma 8 Iycmv Ay umeem eud (11) u dan nexomopozo k €
{1,...,n} 6ce mampuyw A;, L =1,...,7 umerom eud (13). Tozda cucmema

B obaadaem ceoticmeom enobanrvroli ynpasasemocmu noxazamenet Jlany-
HOBG 68 MOM U MOABKO MOM cayuae, ecay rank S = n.

B meBsaTom maparpadee paccMaIpuBaecICs JIMHEHHOE yIpaBslgeMoe
CTAIlMOHAPHOE yPABHEHHE N-I'0 HOPAIKa ¢ HabJII0NaTe1eM
2 42D 4aa(nD) g =
= ﬁplv§n—p) =+ ,Bp+1’11)§n_p_1) + -+ ﬁnlvl + ...
+ﬂpm7)£;?_p) + -+ Bumm, 2z€R, 1<p<n, (14)

Y =C11z2+ -+ Cplz(pil),

Yk = C1p2 + - +Cpkz(p71);

v = (v1,...,0,) € R™ — BexTop ynpasnemus, y = (yi,...,yx) € RF —
BeKTOp HaOsOmeHusA. Y npassenue crpoutcs B Bume v = Vy. Ilo cucreme
(14), (15) mocrpoum marpuust A € M, Buga (11), G € M, Buma (12) u
marpuiel K € My, C € M, :

0o ... 0 c11 ... Clk
0o ... 0 Cpl  --- Cpk
K= . o= P
Bp1 - DBpm 0O ... O

11



TMokasano, 9ro ypaBHenue ¢ Habuonaresem (14), (15) skBuBaJI€HTHO CTa-
[IMOHAPHONI yIpaB/isieMOil MATPUIHOI cucTeMe ¢ HabJTIogaTe1eM

#=Ar+Bu, y=C*z, (z,y,u)c RTrFm™, (16)

rne B = G71K. Jlna cuctembl (16) BHITIOTHEHBI yCIOBHsT T€OPEMBbI 7 O TJIO-
6astbHOI ympasJseMocTn nokasareseil. OTcioga mosrydensl yCIO0BUsl TIPH-
BoaMMOCTU ypaBHenus ¢ Habsioparesiem (14), (15) x nanepen 3a1aHHOMY
JIMHEHHOMY CTATMOHAPHOMY YPABHEHUIO.

Teopewma 9. Jlunetinas nezasucumocms mampuy C*J; 1K, i =
1,...,n asasemces HeobTodumvm U JOCTNAMOUHBIM YCAOBUEM MO20, UMO
dns m06020 Y = (71,-..,7n) € R* natidemes mampuya V € My, , makas,
wmo 3amrnymas ynpasaenuem v = Vy cucmema (14), (15) umeemn eud

(n—1)

Z(n)_i_/}/lz +...+/}/nz:0_

Hecromoe ynpasaenue eviparcaemcs, Gopmyrot

*

V = [vec " (P(P*P) " (a —7))],

2de P = [vecC* yK, ... ,vecC*Jp_1K]| € Mppn, a = (a1,...,a,) € R".
B necsitom maparpadpe usyuaerca Jinneiinas cucrema (1).
Onpenenenmne 3. Cucrema (1) HasbiBaeTcs A\-npMBOANMON, €CIN
st Ji0boro A € R cymecTByeT OrpaHWYEHHOE KYCOYHO HEMPEPLIBHOE
yupassieaue Uy = Ux(t), Ipu KOTOPOM 3aMKHyTas CUCTEMA & = (A(t) +
B(t)Ux(t))z acumnrorndeckn sKBuBasenTHa cucreme & = (A(t) + M) z.
Teopewma 10. Ecau cucmema (1) pasromepro enoane ynpasasema,
mo oHa A-NPUsoduMa.

91a Teopema ObLTa chopmyIupoBaHa u JoKasana B padore E. K. Maka-
posa u C. H. ITonosoit? B npennonoxenun, uro hyukmua A(-) HenmpepbiBHA,
a B(-) paBaomepno nenpepbiBaa Ha R. 3nech npuseneno 6osiee npocroe 11o-
Ka3aTesIbCTBO 3TOI TeopeMbl [IJisi TPOU3BOJILHBIX OTPAHUYEHHBIX KYCOYHO
HenpepbIBHBIX MaTpuil A(-), B(:).

Cnencrsue 1. Ecau cucrnema (1) pasromepro eénosne ynpasase-
Ma, Mo Oas 1106020 X € R natidemesa maxoe ynpasaenue U = U(t), wmo no-

xazamenay JIanynosa 3amrnymoti cucmemsv: Yoo8AEMBOPAIOM PAGEHCTNEAM
Aj(A+ BU) = Xj(A) + X npu scex j € {1,...,n}.

9 Maxapos E. K., ITonosa C. H. O rj06abHO# yIPaBIAEeMOCTH IIE€HTPAJBHBIX TOKa-
3areseit smneitupix cucrem // M3s. BY3os. Marem. — 1999. —Ne 2 (441).— C. 60-67.
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Cnencreue 2. Ecau cucmema (1) pasnomepro enoame ynpasas-
ema, mo ona obaadaem c80lcmMEOM 2400a4bHOT YNPABAAEMOCTNUY BEPTHE20
yenmpasvrozo noxazamens'’, m. e. das aobozo p € R natidemes maxoe
ynpasaenue U = U(t), wmo seprruti yenmpasvroii noxasamens Q(A+BU)
samrrymot cucmemn ydosaemeopsem pasencmey (A + BU) = p.

B ciiyuae paBnoMepHOii o/1HO#M yripassisiemoctu cuctemsl (1) cBoiicTBOM
11002 TBHON YIIPABAAEMOCTH 00JIAIAI0T HIKHUN IEHTPAJIbHBIN W, & TaKKe
pepxauit Q° u mmKHER Wy 0cobBIe HOKazaTe m PesyIbTaThl 3TOr0 maparpa-
dba yTOUHAIOT COOTBETCTByIOmue pesyabTarel pabore! E. JI. Tomkosall, B
KOTOPOii moKazano, 4o s Jjiroboro a > 0 naiinerca ynpasienue U = U (t),
TaKOe YTO BepXHM 0COOBIH MoKa3aTe b 3AMKHYTOH CICTEMBI YIOBJIETBOPSI-
et nepasenctBy °(A + BU) < —a (B AeH#CTBUTETLHOCTH TOT MOKa3aTe Th
MOXKHO TOYHO TIEPEMECTUTH B 33JAHHYIO TOYKY ).

B onummamiaTroM naparpade 1oKaszana reopeMma o r100asbHol yupa-
BJIsIeMOCTH nokasaresieil Jlanynosa cucremsl (1) ¢ KYCOYHO MOCTOSTHHBIMU
MATpHUIAMHU IJIs1 . = 2, W ONHWCAHA WAes JOKA3ATeJIhCTBA 3TOH TeopeMbl
[IJIs1 TIPOU3BOJIHHOTO 1.

ITycts durcuposano pasouenne T = {t;}52, mHOKecTBa Ry = [0, 00),
takoe 4to tg = 0, 0 < § < t; —t;-1 < L nna mekoropwix §, L m Bcex

i € N. Oboznauum A; = [ti_1,t;). Ilycrs 3aman koneunbili HaGop cnm-
ponos (miu 6yke) oj, j = 1,...,N, IOe CEMBOJ — STIO mapa MATPHUI
oj = (A;,Bj) € M, x M, ,. Muoxectso ¥ = {01,...,0N} Ha30BeM an-

casutom. PaccMoTpuM GECKOHEUHYIO MOCEIOBATEILHOCTH OYKB — C/I0BO
¢ =(¢1,92,...), pi € X, 1. e. ¢; = 0j;, ji € {1,..., N}. Koneunsiit Hzabop
(Qig+1s -+ »Pio+k) U3 k MNOCIENOBATEILHO PACIOJIOKEHHBIX OYKB CJIOBA
HAa30BeM CJIOroM AauHbl k. Bymem mpemmosiararh, 9T0 CymecTBYIOT OyKBa
0j, ¥ 9uca0 © € N, Takne 4To B KaxkKIOM CJIOTe [IJINHBL I BCTPEIACTCst Oy-
xBa 0;,. C10B0 ¢ u pasbuenne T sanaor bynkumio ¢t — ¢(t) = (A(t)B(t)),
t € Ry, tme () = @i, t € A, i € N. Takum o6paszom, dyukuus ¢ — ¢(t)
OIIPEHEIIAET CHCTEMY

t=Alt)r+B({t)u, teR,, z€R", ueR™ (17)

¢ MarpunaMn Kos(QUIMeHToB, KOTOPhle TPUHUMAIOT TOCTOSHHBIE 3HAYE-
mus (A;,, Bj,) Ha npoMexyTKax [t;—1,t;). Cucremy (17) ¢ KyCOUHO TOCTO-
SIHHBIMIA MATPUIAMU KO(DDUINEHTOB OyIeM OTOXKIECTBIATH CO CJIOBOM ¢

10 Brinos B. @., Bunozpad P. 8., I'pobman []. M., Hemviyxuti B. B. Teopus moxazare-
Jieit Jlamynosa. — M.: Hayka, 1966. — 576 c.

1 Toukoe E.JI. Kputepnii paBHOMEPHOH yIPAB/IS€MOCTH U CTAOUIM3AIMS JTHHEHHOM
pexypperTHO#t cucremsr // duddepenn. ypasrerus. — 1979. — T. 15. — Ne 10. — C. 1804—
1813.
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(3aBucumocts ot pasbuenus T nogueprusarh ue 6yaem, 10ckoIbKy T duk-
cuposano). Bynem mpenmosiarars, uro xaxmpas napa (A, B;) € ¥ Bnosiae

ympasiisiema, T. e. rank(B;, A;B;, . .. ,A?”Bj) =npguaBeex j=1,..., N.
Onpenenenne 4. Cucrema @ obnagaer csonicTBoM rnobasibHONM
ynpaBnseMocTy nokasartesen JlsnyHoBa, ecam myist JIIOOBIX A1,..., A, € R

HalleTcs orpanndeHHas KycodHo HenpepoiBHas byukiua U : Ry — M, ,,
Takas 9TO mokasaresu JIamyHoBa 3aMKHYTOH CrCTEMBI

&= (A(t) + BOU(t))z (18)

COBIAAIOT C YUCTIAMUA A1, ..., Ap.

Teopewma 11. IIyemv n = 2. Has a0bvx A\, s € R Hatidemcs
maxoe ynpasaenue U = U(t), wmo cucmema (18) acumnmomuuecku sx6u-
saaenmua cucmeme § = Ay, 20e A = diag{A;, A2 }.

JloKa3aTebCTBO 3TO TEOPEMBI OMMPAETCS HA CJICLYIONEe YTBEPKIe-
HEE, IPEICTABIAIONEE CAMOCTOATEIbHbI HHTEPEC.

Teopewma 12. ITycmo

0 1 0 0
A = E ° y b =
0 0 1 0
0 ........ 0 1
s aoboix wucen i, ..., > 0 u das awbozo T > 0 natidemces oeparu-

uenHoe Kycowno nenpepuenoe ynpassenue V i [0,T] — M ,, maxoe wmo
das mampuyee Kowu Xy (t,s) cucmemv & = (A + bV (t))z ewnoaneno pa-
6EHCMBO

Xy (T,0) = diag{ay,...,a,}. (19)

TokazaHo, 9TO HJIA MOCTPOEHWUS YIPABJIEHWs, 00ECTIEINBAIONIETO Pa-
BeHCTBO (19) HEOGXOMUMO U MOCTATOYHO TOCTPOUTDH DYHKIUU (1, - .., gn €
KC™(]0,T],R), rak uro6er marpuua Bpouckoro Wigi, ..., gn](t) mia s1ux
$yHKIMi yaoBIeTBOPAIA COOTHOIICHUAM

Wigi,...,g2)(0) =1, Wlg1,...,g2)(T) = diag{ai,...,an},
det Wigi,...,gn](t) 2y >0, t€][0,T].

B nuccepramuu rakue pyHKIME IOCTPOEHBL AJIsA 1 = 2.
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Pestome. B pabore mokasanbr:

a) TeopeMa O JIOKAJILHOI JIANYHOBCKO# npuBoauMocTu OuiivHeRHOit
yIIPaBJIAEMOil CHCTEMBI M BBITEKAIONINE W3 Hee CJEICTBUA O JIOKAJIbHO
yIIpaBJIAEMOCTH TIOKa3aTeseil JIanyrosa;

6) TeopeMa 0 rJI06AJILHOI yIpaBgeMoCTl oKasareseii Jlanynosa cra-
IMOHAPHOI cucTemMbl ¢ HAOIIIOIaTEIeM;

B) Teopema O A-IPUBOAUMOCTH JIMHEHHOM ynpaBsiseMoil cucTeMbl 1 Bbi-
TEKAOIINe U3 Hee CJIEACTBUSA O TJI00AJIBHON YIIPABIIEMOCTH IIEHTPATHHBIX
7 0COOBIX TTOKA3aTeJIel;

) TeopeMa 0 rJI00aJIbHOI yIPABIAEMOCTH TIOKazaTeseil JIsanyHosa aBy-
MEPHBIX KYCOYHO TTOCTOSTHHBIX CHCTEM.
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