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KoroB T.O. PobacTHa cTabijizallis Ta 3BakeHe racCiHHs 0OMe>KeHIX
30ypeHb y JIECKPUIITOPHUX CHUCTEeMaX KepyBaHHsi. — KpaJidikariiiHa Hay-

KOBa IIpallsd Ha IpaBax PYKOITUCY.

HucepTrartisg Ha 3/100yTTS HAYKOBOT'O CTYIIeHs JIOKTOpa (diocodil 3a creriaib-
Hictio 113 — npukiajna maremaruka. — Incruryt maremaruku HAH Ykpainn,

Kuis, 2021.

Hucepramiitna poboTa HpHUCBsitdeHa PO3POOII HOBUX METOIIB cTabiimizalil Ta,
ONTHUMI3allll JIECKPUIITOPHUX CUCTEM KepyBaHHsd 3a YMOB HeBU3HadeHOCTi. Hasas-
HICTH HEBU3HAYEHWX €JIEMEHTIB y PIBHAHHAX PYyXy KepoBaHUX 00 €KTIiB 0OYMOB-
JIIOETHCA aHAJITUYHOIO CKJIAIHICTIO MaTEeMaTUIHOI'O MOJIEIIOBAHHS Ta, J1€10 30BHI-
ITHIX HEKOHTPOJIbOBAHUX 30YPEHb, SIKi CyTTEBO BILIMBAIOTh HA CTIKICTH Ta sIKiCTh
JlaHIX O0’€KTIB B peaJIbHUX yMoOBaxX. 3ajiada pobacTHOI cTabijiizaliil mnojsrae y
1o0y/I0BI 3aKOHIB KepyBaHHS, Kl 3a0e311eUyl0Th aCUMITOTHYHY CTIHKICTH PyXy
KEpOBAHOT0 00’€KTa MpU JIONMYCTUMUX 3HAUYEHHAX eJIeMEHTIB HEBU3HAYEHOCTI.

CyuacHa Teopis H.-KepyBaHHs, 3acHoBHUKaMHU K01 € G. Zames, B.A. Francis,
J.C. Doyle Ta in. (1981 — 1990), po3p’si3ye BaxKJIUBI Jijist MPAKTUKN MPOOIEMU
OIIHKM Ta MiHIMI3aIlil pPiBH BILINBY OOMEXKeHNX 30YpPEHb Ha CTIfiKiCTh Ta sIKiCThb
KepoBaHUX crucTeM. BkaszaHi 1pobjieMu € ocobIMBO aKTyaJbHUMU JIJI KJIacy Jie-
CKPUIITOPHUX CUCTEM, sIKi JO3BOJIAIOTH ONMUCYBATH JUHAMIKY OaraThboxX KEPOBAHIX
00’€KTiB MexXaHiK1, pOOOTOTEXHIKM, €JIeKTPOTEXHIKI, eKOHOMIKN TOI0. PO3BUTOK
Ta y3arajJbHeHHd MeTomiB H.-onTuMizaliil HermepepBHUX Ta JUCKPETHUX CUCTEM
KepyBaHHsI OTPUMaHO y pobortax Garathox aBropiB (P. Gahinet, P. Apkarian, I.
Masubushi, A.A. Stoorvogel, T. Iwasaki, S. Boyd, Z. Feng, S. Zhou, A. Rehm,
B.T. Ilonsk, I1.C. Ilepbakos, JI.B. Bananxin, M.M. Koran, B.M. Ky#nnesuu,
B.B. Jlapin, O.I. Masko Ta im.).

Jucepralig cKIaJa€Tbcd 3 aHOTallill YKPalHChKOIO i aHTVIIICHKOI0 MOBaMH,
BCTYITy, YOTUPHOX PO3/ILIIB OCHOBHOI YaCTHHU, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX

JIKepeJ 1 JlojlaTKa.



Y BCTyIi OOIPYHTOBAHO aKTYaJbHICTh TEMATUKU JIOC/IIPKEHHSI, HaBEeJIEHO Me-
Ty, O0’€KT, IpeaMeT, 3aBIaHHsS 1 METOAW JIOCJIJIXKeHHSI, BiJIMiYeHO HAYKOBY HO-
BU3HY OTPUMAHUX PE3YJIbTATIB, IXHE MPAKTUIHE 3HAUCHHH, 3B’ 130K pOOOTH 3 Ha~
VKOBUMHU TeMaMU Ta OCOOMCTHUIl BHECOK 3ji00yBada, a TaKoxK iH(OpMaIilo Ipo
arpodallito pe3yJsibTaTiB JucepTaliiiHol poOOTH.

Y TmeprioMy po3JiiIi MPoBEIeHO OTJIAT JITepaTypPHUX JIZKepesl Ta OCHOBHUX 3a-
Jlad, TOB’s3aHUX 3 TEeMOIo jucepraiiiinol poboru. Hapeieno ocHoBHI KjacwmdHi
pe3yIbTaTH 3 Teopil CTIHKOCTI pyXy, BiIOMI MeTOAM cTadiIi3allil Ta onTuMizallil
CUCTEeM KepyBaHHs 3 HEBU3HAUEHICTIO, a TAKOXK PsJl NPUKJIAJIIB KOHKPETHUX Jle-
CKPUIITOPHUX MOJleJieil JIMHAMIYHIX CUCTEM, 1110 3aCTOCOBYIOThCS Ha IPAKTHUIIL.

Jpyruit po31i NPpUCBAYEHO aHAJITUIHOMY JTOC/IJIKEeHH] KJIacy JIHIITHIX Jie-
CKpUNTOpHUX cucTeM. Ha ocHOBI KaHOHIYHOT (hOPMU PEryIAPHOl B A3KM MaTPHUITH
JIOCJTJIZKEHA CTPYKTYpPa 3arajibHOr0 pO3B’da3KY PEryJsipHUX JECKPUITOPHUX CH-
CTEM 3 Y3TOJKEHUMHU TTOYATKOBUMHI YMOBaMHU, BCTAHOBJIEHO aJiredpaldHuili Kpu-
Tepiil HeIMITyJIbCHOCT1 PEryJsipHOl B’SI3KN MaTpHIlh Ta HaBeJIEHO YMOBU CTifIKOCTI
TaKUX CHCTEM B TepMiHAX MaTPUYHUX PIBHAHL Ta HepiBHOcTeil. BujijieHo kjac
JIOIIYCTUMUX JICCKPUIITOPHUX CHUCTEM, {K1 OIUCYIOTh PEryJIsdpHI, HEIMIIYJIbCHI Ta,
CTIfIKI B'SI3KH MaTPHIb.

s Kaacy JeCKpUITOPHUX CHCTEM 3 O0OMEYKEHMME 30BHINTHIMEI Ta TOYATKO-

BUMM 30ypeHHIMNI
Ei = Ax+ Bw, z=Czx+ Dw, z(0)= x,
BUKOPUCTOBYIOThCSI OCHOBHI KPUTEPIl IKOCTI

ey e Er—
0<|jw||% <00 HwHP 0<||w||%+z] Xozg<oco \/HwH% + ,I'S—Xol'o

ae ||z]lg 1 ||w||p — 3Baxkeni Lo-HOpMH BiALOBIAHO BEKTOPIB BUXO/Y Ta 30BHIIIHIX
36ypers, P >0, Q > 0i Xg= ETHE > 0 — Barosi marpumi. 3Hadenns Jy y
BUIA/IKY OJMHUYHUX BArOBUX MATPUIb 30ira€ThCsl 3 KJIACHIHUM KPUTEPIEM sIKO-
cTi — Ho-HOPMOIO MATpUYHOI IlepelaTHOl (DYHKINI cUCTeMHU, a KPUTEepPIiil TKOCTI

J XapakTepusye 3BazKeHUil piBeHb I'aciHHsI 30BHIIIHIX 1 IIOYATKOBUX 30ypeHb Yy



cucreMi. HaBejieHo HeoOXiiHI Ta JO0CTaTHI yMOBH, 1110 3a0e311€UyI0Th BUKOHAHHS
BEPXHIX OIIHOK HaBeJeHNX Kpurepiis sikocti Jy < v ta J < v (migposmin 2.3).
VY migposain 2.4 3aponoHoBaHO MEeTOJINKY 3HAXOPKEHH HAUTIpINX 30BHINTHIX 1
MOYATKOBUX 30yPeHb Y JECKPUIITOPHUX CHCTEMaX CTOCOBHO 3BayKEHOI'O KPUTEPIIO
aKOCTi J.

Y po3aii 3 MOCTIKYEThCA KIac JIHIMHIX JeCKPUITOPHUX CUCTEM KepYyBaHHS

Ei = Ax + Biw + Bou, z(0) = xy,
z = Cix + Dijyw + Dpu, y = Cyr + Dyyw + Doou,

ger €R" u € R™ w e R* 2z € RFiy € R! — Bekropu BinnosiHo cTany, Kepysa-
HHSsI, 30BHIITHIX 30ypeHb, KEPOBAHOTO 1 CIIOCTEPEXKYBAHOI'0 BUXO/IiB, & BCI MATPUYHI
KoedinienTn BioBiiHUX po3MipiB craJi, npudomy rank E = p < n. OcHoBHOIO
3a/1a4€l0 JIJIsl TAKUX CUCTEM € ITOHMKEeHHs Ta MiHiMi3allisd BIIMBY 0OMeKeHUX 30Yy-
peHb Ha IXHIO JIMHAMIKY 1, 30KpeMa, CTIHKICTh 3a JOIOMOI0I0 PUJaTHUX 3aKOHIB
kepyBaHHs. CTaTUdHI Ta JUHAMIYHI PETryJIsITOPH, STKi MiHIMI3yIOTh 3HAUEHHs 3Ba~
JKEHOT'O0 KPUTEPIIo IKOCTI J 3aMKHEHOI CUCTEMU, Ha3UBAIOTHCA J-ONTUMAaILHUMIA.
Habmmkeni MeToim 3HAXO/ZKEHHS TAKUX PETYIITOPIB 0a3yI0ThCs Ha YMOBAX BH-
KOHAHHS BEPXHBOI OIMHKN J < 7y PN MIHIMAJIbHO MOXKJIUBUX 3HAUYEHHAX 7.

Y migposaiii 3.2 B TepMiHax JIHIHHIX MaTPUIHNX HEPiBHOCTEH MPH 101aTKO-
BUX PAHIOBUX OOMEXKEHHSAX BCTAHOBJICHO HEOOXiJIHI 1 JlocTaTHI YMOBU iCHYBaHHS
CTadLIIBYIOUNX CTATUIHUX PETYJISTOPIB 3a CIIOCTEPEXKYBAHUM BUXOJOM u = Ky,
Ipu IKUX 3aMKHEHa CHUCTeMa HaJIeKUTh KJIacy JOIMYCTUMUX JEeCKPUITOPHUX CHU-
creM 1 11 3BarKeHMiT piBeHb raciHHs 30BHIIIHIX 1 MOYATKOBUX 30ypeHb J MeHIni
3aJ1aHOTO 3HadeHHsi (Teopema 3.1). Buiseno okpemi BUIIAIKN JTAHUX YMOB, KOJIH
AJICOPUTMU TOIIYKY MaTPUIll KoeillieHTiB mijcuacHHs K CyTTEBO CIIPOILYIOThCA.

30kpeMa, IIpU BUKOHAHHI JIOJATKOBUX YMOB
Cy=1, D/ ,QDy <~¥*P, Dy =0, Dy=0

icHye cTaTUYHUN PEry/siTop 3a CTaHOM u = Kz, Ipu SIKOMY 3aMKHEHa CHCTe-
Ma JIONyCTUMa 1 BUKOHYeThcd Oarkana ominka J < . Ilpum npomy BigmosigHnii
AJICOPUTM IIOIIYKY MaTpuili K 3BOJUTHCS JO PO3B’sd3yBaHHs JIMIIE JIHITHUX Ma-

TPUYHUX HEPiBHOCTEl 0e3 JI0IaTKOBUX PAHTOBUX 0OMEXKEHb.



PosBunyTo kombinoBaHUiT MeTOJI JIHIHHUX Ta KBaJIpaTUIHUX MATPUIHUX He-
piBHOCTEll JI/Isi PO3B’sI3aHHs y3arajbHeHol 3aj1adi H.,-KepyBaHHA 31 3BayKEeHUM
kpurepiem skocti J (Teopema 3.2). Jljist IPAKTUIHOTO 3aCTOCYBAHHS 1IHOTO Me-
TOJIy BCTAHOBJIEHO KPUTEPI CYMICHOCTI KBaJIpATUYHUX MATPUIHUX HEPIBHOCTEI
3araJIbHOr0 BUTJIALY MPU JOJATKOBUX PAHTOBUX OOMEXKEHHSIX Ha MATPUIHI KOe-
dimienTn (ema 3.2).

Beranopieno HeoOxiiHi 1 JocTaTHi YMOBH iCHYBaHHS JUHAMIYHOIO PETYJIATOPA

3a CHOCTepe}KyBaHI/IM BI/IXO,ZLOM 3 HyJIbOBI/IM II04YaTKOBUM BeKTOpOM
E=2¢+Vy, u=Ué+ Ky, €€RP, £(0)=0,

IpU SIKOMY 3aMKHEHa CHCTeMa y po3mmpeHoMmy ¢azosomy mnpocropi R™ P mage-
JKUTh KJIacy JOMYCTUMUX JJECKPUIITOPHUX CUCTeM 1 11 3BarkeHnil piBeHb raciHHdA
30BHIIMHIX 1 MOYaTKOBUX 30ypeHb J MeHImiil 3aaHoro 3uHadeHus (Teopema 3.3).
3 MEeTO0 CIIPOIIEHHS IIPOLEIYPH MOMYKY HEBIJIOMUX MATPUIHUX KOedilieHTiB
peryJjigTopa BCTaHOBJICHA JIOIOMIXKHA jieMa 3.3 IPO eKBiBaJIeHTHICTb OJIOUHIX Ma-
TPUYHUX CIIBBIJHOIIEHD, sIKI MOYKHA 3aCTOCYBATU Y TBEP/IXKEHHSIX TeopeMu 3.3.
OTrpumani yMOBH B 3arajJbHOMY BUITAJIKYy 3BEJICHO JIO PO3B s3aHHS JIHIHHIX Ma-
TPUYHUX HEPIBHOCTEN TIPH JIOJIATKOBUX PAHTOBUX OOMexKeHHAX. Po3podsieHo i au-
CeJIbHO peasli3oBaHO aJITOPUTMU CUHTE3Y CTATUYHUX Ta JUHAMITHUX PEryJsdTopPiB
JUIsl PO3B’si3aHHs y3arajbHeHol 3a1aui H-kKepyBannus (mijgposin 3.3). Pesyiib-
TaTU PO3PaxXyHKIB Ha YUCEJbHUX HMPUKIAIAX Y3TOJKEHI 3 OTPUMAHUMU Teope-
TUIHIMI BUCHOBKaAMU. BujiieHo KJjiac HETIHIMHIX JEeCKPUITOPHUX CUCTEM 3 Ke-
POBAHNMU 1 CIOCTEPEXKYBAHUMHI BUXOJAMHE, I AKUX MOXKYTH OyTH 3aCTOCOBAI
OTpPUMaHI METOJU PO3B’sI3aHHs MPOOJIEMI 3BayKeHOTO H . -KepyBaHHS 3 JIOKA/Ib-
HUM KpUTEPIEM SIKOCTI J.

Y po3aiai 4 BUKJIAJACHO pe3yabTaTH JIOCIIKEHb y3arajabHeHol 3agadl H -
KepyBaHH¢ JIJIsl JIECKPUIITOPHUX CUCTEM 3 KEPOBAHUMMU 1 CIIOCTEPEXKYBaHUMU BU-

XOJIaMU 32 YMOB T10JIie/IpajibHOI HEBU3HAYECHOCTI MATPUUHIX KOeiIli€HTIB
1 v
AECO{Al,...,Ayl}, By ECO{Bl,...,BIQ},

Cy € Co{C],...,C*Y, Dy € Co{Di,,...,D{'},



ne Co{Ay, ..., A,} — noniton (bararorpanuuk) 3 Bepiiunamu Ay, ..., A, y 1po-

CTOpi MaTpulb, TOOTO OIIYKJIa MHOXKMHa MaTpulb

v

{ZaiAZ-: CLZ'ZO, Z:L_V, ialzl}

i=1 i=1
OkpeMuMu BUIaIKaMHI T10J1ie/IpaIbHOT HEBUBHAYEHOCTI MOXKYTh OyTH, HAIIPUKJIAT,
iHTepBaJIbHA 200 adiHHA HEBU3HAUEHOCTI MATPUIHNX KOEIIIEHTIB, sIKi 9aCcTO BH-
KOPHUCTOBYIOThCS B MPAKTHYHUX 3aJlavax poOacTHOI cTablaizaril Ta onTHMizallil
KEPOBAHUX CUCTEM.

Y migpozmia 4.1 naBeeno HoBe (GOPMYJIIOBAHHS BiJIOMOI JIeMU PO MaTpH-
YHY HEPIBHICTH 3 TOJiepaJbHIMI KoeillieHTaM, Ha OCHOBI sIKOI y3arajbHEeHO
OCHOBHI pe3yJIbTaTu 3 po3iiay 3. BecTtaHoBieHO gocTaTHI YMOBW ICHYBAHHS CTa-
OLITI3YI0UMX JIMHAMIYHUX PETYJISITOPIB 3a CIOCTEPEYKYyBaHUM BHUXOJIOM, IIPU AKX
3aMKHEHa CHUCTeMa 3 TO0JIepaJbHOI0 HEBU3HAYEHICTIO MaTPUIHUX KOeMIIieHTIB
CiHHSI 30BHIIIHIX 1 MOYATKOBUX 30ypeHb J MEHIInii 33/ [aH0r0 3HAYeHHsT (TeopeMa
4.1). OTpuMaHi YMOBH Yy OKDEMOMY BHIAJIKY 3a0€31eUyI0Th ICHYBaHHSI CTATHIHO-
I'0 PeryJsaTopa 3a CIOCTepezKYyBaHUM BUXOJOM, IIPU IKOMY 3aMKHEHa CUCTeMa Mae
aHAJIOTTYHI BJIACTUBOCTI, IPUYOMY IIPU 3aCTOCYBAHHI CTATUYHUX PETYJISTOPIB 34
CTAHOM JIaH1 YMOBH 3BOJIATHCS JI0 PO3B A3YBAHHS JIMIIIE JIHIMHIX MATPUIHAX He-
piBHOCTel. KoMmOinoBaHMit MeTO JIHHITHUX Ta KBaIPpATUIHIX MaTPUIHUX HEPIBHO-
cTeil sl po3B’si3aHHs y3araJbHeHol 3a1adi H o -KepyBaHHsI 31 3BaKEHIM KPUTePi-
€M SIKOCTi .J MOIIMPEHO Ha CiM IO JIHIHHUX JIECKPUIITOPHUX CUCTEM, SIKY OINUCYIOTh
HeBU3HAUEHI MaTpudHi Koedinientn (Teopema 4.2).

3acToCOBYIOUN y3araJibHEHY JieMy PO MATPUIHY HEBU3HAUEHICTH, PO3BUHYTO
METOJINKY MMOOYIOBU €JIITCOTIAIbHOI MHOXKITHI MATPHUIb CTATUIHUX PEry/IsiTOPIiB
32 CIIOCTEPEXKYBaHUM BHUXOJIOM K = {K : KTPBK < Qo}, pHu AKX 3aMKHe-
Ha CUCTeMa HaJIe’KUTh KJIACy JOIMYCTUMUX JIECKPUIITOPHUX CUCTEM 1 11 3BayKeHnuit
piBeHb raciHHs 30BHIINIHIX 1 TOYATKOBUX 30ypeHb J MEHIIHil 3a/1aH0TO 3HAYEHHI
(migposmin 4.3).

Pospobiieni MeTojin JOC/IiIzKeHHsI, 1110 0a3yI0ThCs Ha PO3B’sSI3aHHI CHCTEM JIi-

HITHUX Ta KBaJIpaTUIHUX MATPUIHUX HEPIBHOCTEI, 38 JIOIIOMOI'OK0 KOMIT FOTEPHIX



3aC00iB IIPOJIEMOHCTPOBAHO B 3aJiadaxX podacTHOI cTadiiizallil Ta 3BaxKeHol H .-
ONTUMIZAII JIJIs1 JeCKPUIITOPHOI MOJIe/Il KepyBaHHs eJIEKTPUYHOIO KOJia 3a YMOB
IHTepBAILHOI HEBU3HAYEHOCT] OMOPIB (miaposmii 4.4).

Y Jlo1aTKy BUKJIQJIEHO CIIMCOK IyOJriKalliil 3/j00yBada 3a TeMOO JUcepTaIiiiHOT

poOOTHU Ta BIJOMOCTI PO alpodallito pe3ybTaTiB JaHoi poOOTH.

Kito4oBi cjioBa: JIeCKpUITOpHa CUCTEMa, PodacTHa CTIHKICTh, pyHKITs JIsdImy-
HOBA&, pobacTHa cTabitizalisa, H.,-KepyBanHsd, CTATUIHUI PETryaaTop, TUHAMITHAN

peryasaTop, MaTpuiHa HEPIBHICTb.

Kotov T.O. Robust stabilization and weighted damping of bounded
disturbances in descriptor control systems. — Qualifying scientific work on

the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of phi-
losophy on a specialty 113 — applied mathematics. — Institute of Mathematics of
the National Academy of Sciences of Ukraine, Kyiv, 2021.

The dissertation is devoted to the development of new methods of stabilization
and optimization of descriptor control systems with uncertainties. The availability
of uncertainty elements in the motion equations of controlled objects is due to
the analytical complexity of mathematical modeling and the action of external
uncontrolled disturbances, which significantly affect the stability and quality of
these objects in actual conditions. The robust stabilization problem consists of
constructing a control law, which provides an asymptotic stability of the controlled
object motion with admissible values of uncertainty elements.

The modern H..-control theory founded by G. Zames, B.A. Francis, J.C. Doyle
et al. (1981 — 1990) solves important practical problems of estimating and mini-
mizing the level of influence of bounded disturbances on the stability and quali-
ty of controlled systems. These problems are especially relevant for a class of
descriptor systems, which allow us to describe the dynamics of many controlled
objects of mechanics, robotics, electrical engineering, economics, etc. Development

and generalization of H..-optimization methods for continuous and discrete-time



control systems are received in works of many authors (P. Gahinet, P. Apkarian,
I. Masubushi, A.A. Stoorvogel, T. Iwasaki, S. Boyd, Z. Feng, S. Zhou, A. Rehm,
B.T. Polyak, P.S. Scherbakov D.V. Balandin, M.M. Kogan, V.M. Kuntsevich,
V.B. Larin, A.G. Mazko etc.).

The dissertation consists of an abstract in Ukrainian and in English, an
introduction, four chapters of the main results, conclusions, references and an
appendix.

The introduction grounds the actuality of the research topic and formulates
the purpose, object, subject, task and methods of the research, indicates the
scientific novelty of the obtained results, their practical significance, the relation
of the research to scientific programs, the personal contribution of the applicant
as well as points out information about the approbation of main obtained results
of the dissertation.

The first chapter reviews the literature sources and the main tasks related to
the topic of the dissertation. The main classical results from the theory of moti-
on stability, known methods of stabilization and optimization of control systems
with uncertainty, and several examples of specific descriptor models of dynamical
systems used in practice are given.

The second chapter is devoted to the analytical study of the class of li-
near descriptor systems. Based on the canonical form of regular matrix pencil, a
structure of the general solution of regular descriptor systems with agreed initial
conditions is investigated. An algebraic criterion is established, which guarantees
the regular matrix pencil to be impulse-free and the stability conditions of such
systems in terms of matrix equations and inequalities are given. A class of admi-
ssible descriptor systems is distinguished, which describe regular, impulse-free and
stable matrix pencils.

For a class of descriptor systems with bounded external and initial perturbati-
ons

Ei = Az + Bw, z=Cx+ Dw, xz(0)= x,



we use the basic performance measures

Jo= sup m, J = sup I=llo ,
0<flwlz<oo [P 0<[w]|3-+g Xozo<oo \/HWH% + 2] Xoo
where ||z]|g and ||w]|| p are the weighted Lo-norms of output vector and perturbati-
on vector, accordingly, and P > 0, Q > 0 and Xy = ETHE > 0 are the weighted
matrices. The value of Jy in the case of identity weight matrices coincides with
the classical performance measure — H,-norm of the matrix transfer function of
the system, and the performance measure J characterizes the weighted damping
level of external and initial perturbations in the system. Necessary and sufficient
conditions are given to ensure the fulfillment of the upper evaluations for given
performance measures Jy < v and J < 7 (section 2.3). Section 2.4 proposes
a method for finding the worst external and initial perturbations in descriptor
systems with respect to the weighted performance measure J.

In chapter 3, the class of linear descriptor control systems

Ei = Ax + Byw + Bou, 2(0) = o,
Z = 01517 + an + Dlgu, Yy = CQQL’ + Dglw + DQQU,

is investigated, where x € R" is the state, u € R™ is the control input, w € R*®
is the the exogenous input (perturbations), z € R” is the regulated output and
y € R is the measured output, and all matrix coefficients are constant matrices
with compatible dimensions, and rank £ = p < n. The main problem for such
systems is to reduce and minimize the influence of bounded perturbations on their
dynamics and, in particular, stability with the help of appropriate control laws.
Static and dynamic controllers that minimize the value of weighted performance
measure J for a closed-loop system are called J-optimal. Approximate methods
for finding such controllers are based on the conditions of performing the upper
estimate J < v at the minimum possible values of ~.

In section 3.2, in terms of linear matrix inequalities with additional rank restri-
ctions, the necessary and sufficient conditions for the existence of stabilizing static
output controllers u = Ky, are obtained to ensure the closed-loop system to be

admissible and its weighted damping level of external and initial disturbances J to
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be less than the specified value (theorem 3.1). Some cases of these conditions are
highlighted, when the algorithms for finding the gain matrix K are significantly

simplified. In particular, if the following additional conditions
Cy =1, D{iQDn <~’P, Dy =0, Dyp=0

hold, then there exists a static state-feedback controller © = Kx to ensure the
closed-loop system to be admissible and the performance measure J to be less
than a prescribed scalar. In this case, the corresponding matrix search algorithm
K is reduced to solving only linear matrix inequalities without additional rank
restrictions.

A combined method of linear and quadratic matrix inequalities for solving
the generalized H..-control problem with a weighted performance measure J is
developed (theorem 3.2). For the practical application of this method, the solvabi-
lity criterion for quadratic matrix inequalities of general form with additional rank
restrictions on matrix coefficients is established (lemma 3.2).

Necessary and sufficient conditions of existence of the dynamic controller with

zero initial state
£=26+Vy, u=U+Ky, (R, £0)=0,

are established to ensure the closed-loop system in the extended phase space
R™P to be admissible and its weighted damping level of external and initial di-
sturbances J to be less than the specified value (Theorem 3.3). In order to simpli-
fy the procedure for searching for unknown matrix coefficients of the controller,
auxiliary lemma 3.3 on the equivalence of block matrix relations, which can be
applied in the statements of theorem 3.3, is established. In the general case, the
obtained conditions are reduced to solving the linear matrix inequalities with
additional rank constraints. Algorithms for the synthesis of static and dynamic
controllers for solving the generalized H..-control problem have been developed
and numerically implemented (subsection 3.3). The results of calculations for
numerical examples are consistent with the obtained theoretical conclusions. A

class of nonlinear descriptor systems with controllable and observable outputs is
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distinguished, for which the obtained methods for solving the problem of weighted
H_.-control with the local performance measure J can be applied.

Chapter 4 presents the results of studies of the generalized H,.-control problem
for descriptor systems with controlled and observed outputs under conditions of

polyhedral uncertainty of matrix coefficients
AcCo{Ay, ..., A}, By cCo{Bi,...,B"},

01 € CO{Cll, .. .,Clyg}a Dll € CO{D%I? - '7Dﬁ}7

where Co{A;, ..., A,} is the polytope (polyhedron) with vertices Ay,..., A, in

a matrix space that is the convex set of matrices

v v
{ZaiAi: aiZO,izl,u,Zaizl}.
1=1 1=1

Some cases of polyhedral uncertainty may be, for example, interval or affine

uncertainty of matrix coefficients, which are often used in practical problems of
robust stabilization and optimization of controlled systems.

Section 4.1 presents a new formulation of the known lemma on matrix inequali-
ty with polyhedral coefficients, based on which the main results from chapter 3 are
generalized. Sufficient conditions for the existence of stabilizing dynamic output-
feedback controller are obtained to ensure the closed-loop system with polyhedral
uncertainty of matrix coefficients to be admissible and its weighted damping level
of external and initial perturbations J to be less than the specified value (theorem
4.1). The obtained conditions in a particular case ensure the existence of a static
output-feedback controller for which a closed-loop system has similar properties,
and when using static state-feedback controller these conditions are reduced to
solving only the linear matrix inequalities. The combined method of linear and
quadratic matrix inequalities for solving the generalized H..-control problem wi-
th a weighted performance measure J is extended to a family of linear descriptor
systems described by uncertain matrix coeflicients (theorem 4.2).

Applying the generalized lemma on matrix uncertainty, the method for

constructing of an ellipsoidal set of gain matrices of static output-feedback
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controller I = {K . KTPRK < QO}, for which closed-loop system belongs
to the class of admissible descriptor systems and its weighted damping level of
external and initial perturbations J is less than the specified value (section 4.3).

The appendix contains the applicant’s publications list concerning the topic of

the thesis and the information about approbation of research results of this work.

Keywords: descriptor system, robust stability, Lyapunov’s function, robust

stabilization, H.-control, static controller, dynamic controller, matrix inequality.
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