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W"(0) + W'(0) =0, A [W"(0) — W'(0)] + AW’(0) — W(0) =

3gece A > 0 - umcno Anpdsena, d- riybuHa O>KMAKOCTH, OTPAHUYEHHOH CHU3Y
TBEPABIM JHOM, & CBepXy CBOGOAHON IIOBEPXHOCTBIO, A = w?- nckoMBIit CIIEKTPAJIbHBbIIT
napaMerp, w - 4acTora Kojebauuii. IlpusenenHoMy Bbilne JIMHEHHOMY ONEPATOPHOMY MYy9KY
comocTasiasercss GpyHKunonan Pajest

_ WP + AW (=) + WO + 2, [W" () + [W'(2)/7] dz}
L2 IW(2)12 + W (2)]2] dz '

Jokazano, uTo cooTBeTcTByOmMi caydaio A = 0 ogHoTOueuHkll crekTp w? = thd,
OTBEYAIOMKH MOHOTOHHO BO3pacTalolleli 110 NepeMeHHOil 2 IIOBEPXHOCTHOH Moje, 1epexoauT
B IMCKPeTHbIH cueTHbI criektp 0 < 2A/(2+d?) < A\ < A2 < ...\, < ... C eOMHCTBEHHOI
GeckoHeuHOM npenenbHOl Toukol. Ipn kKaxxnoM dukcupoBaHHOM A cymiecTByeT Takoe d4,
yto npn d < d4 HanMenbiee CY \; ompegensier NOBepXHOCTHYIO Mody. B ciyuae d > dg
BCE MOJBI TEPSIIOT MOHOTOHHBIN XapakTep, dhopMa kKonebanuil ¢ Haubonpell aMIIHTYI0H
Ha CBOOOJHON NOBEPXHOCTH NPUMHHMAET B TAK HA3bIBAEMON HEXapaKTepHOH BHYTpPEHHeMH
BoJHBL. B npeznenbHoM nepexoze x 3anaue Jlamba (d — +00) CleKTp CTAHOBUTCSI CIJIOLIHBIM.

Modal control for linear systems with incomplete feedback
Zaitsev V.A. (Izhevsk)

Consider a linear stationary control system
#=Az+Bu, y=C*z, (z,u,y) € R"xR™ x R*. (1)

Let the control in the system (1) be constructed as linear incomplete feedback u = Uy.
Corresponding closed-loop system is

@=(A+BUC"z, ze€R" @)

System (2) has modal control if for any given polynomial p(A) = A" + 1, A" + ... + 7y,
v; € R there exists a constant m x k-matrix control U such that the characteristic polynomial
X(A + BUC*; \) of the matrix A + BUC* coincides with p()).

Suppose that the coefficients of the system satisfy the following conditions:
A= {ai}}jm1; Giir1 £ 0,i=T,n—T;ai5 = 0,5 > i+1,4 = I,n — 2; the first (p—1) rows of
the matrix B and the last (n —p) rows of the matrix C are equal to zero for some p € {I,n}.
Suppose x(A4;2) = A" + a3 A" + ... + ap. Let us construct the matrix Sy = {s};}7;=
from the matrix 4 : s}; = 1; s}] 3= 0 i =2m; 8} := ai-14, i = 2,n, j = I,n. Then we
construct the matrix Sl {sh;}7 =1 from the matrix S_; = {s};}7,_, for every I =2/n
in the following way: si; =1, s}, := 0, 8j, := 0, j = Z,m; sf; := 821 ;_;, 1,5 = Z,n. Let
S§S=8,-8,_1-...- 5. All the matrices S; and S are nonsingular lower triangular. Suppose
Jo= {9}t Ginn = Li=1,n=-1, g5 =0, j # i+ 1; J := JE¥; Jo := I. Let us

n
construct G := ) a;1Ji ;00 := 1.
i=1
Theorem 1. Suppose x(A + BUC*A) = A* + mA™ ! + ... 4+ 7a; then
'y,»=a,»—TrSBUC‘S‘1J.;_1G.
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Theorem 2. System (2) has modal control if and only if the matrices
Cc*S~'J,GSB, C*S~'J,GSB, ..., C*§71J,_1,GSB (3)

are linearly independent. In that case the feedback matrix U which reduces x(A4+ BUC*; A)
to the given polynomial p(A) with the coefficients 7; is found from the system of linear
equations: TrC*S™1J; _GSBU = o, — i, i = I, n.

Corollary 1. If the matrices (3) are linearly independent, then the system (2) is stabi-
lizable by the constant matrix control U.

The research was supported by the Russian Foundation for Basic Research (grant Ne06—
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Hecrauuonapusie ananoru ¢opmyn I'puna u Taycca ajs peunenuit
runepbosIm4ecKux CACTEM
Baxupsesinopa I'. K., Aunekceesa JI. A. (Huctutyr maremarnsn MuHicrepcrsa
obpasopanust u Haykn Peciybnnkn Kasaxcran)

3yuenue AMHAMHYECKHX INPOLECCOB B  CILUIONIHBIX  CPEJaX, CBSI3aHHBIX C
pacnpocrpaHenneM n audpaxiueil BOIH, TPUBOJUT K KPAaeBbIM 33Ja498M IJs CHCTEM
ypaBHeHnii runepGOIHYeCKOro THNMA B 0BJACTAX CO CJIOXKHOK TeoMeTpHed TpaHHIIbI.
KOHCTpYKTHBHBIM METOAOM pelIeHHs TaKHX 3afad #BAfeTCd METOIN TPaHHYUDLIX
uHTerpambubix ypasnennit (MTHY), koTopsiii nosBosisier ucxoaHyo AudbepesuaibHyIo
KpPaeBylo 3ajady B oDJACTH CBECTH K DEUIEHHIO CHCTEM WHTerpaJbHBIX YpaBHEHHI Ha
ee TpaHUIle, YTO MNOHIXKAET Pa3MEPHOCTb peliaeMoil 3aJadyil U IOBBIIAET YCTONYMBOCTL
PACUETHBIX CXEM [IPHM TIOCTpOeHMH pemenufi. B HacTosiiiee BpeMs 3TOT METOJ MIMPOKO
UCIIOTIb3YETCsl A1 PElleHHs CTalMOHAPHBIX 3ajJad MareMaTHdeckod dusuxu. Pemenne
HECTALMOHADHBIX AMHAMHYECKHX 334a4 Ha ocHoBe MeTona ['MIY Tpebyer BBegeHus NOHATHS
0GOOILIEHHOTO pEIIeHHs, YTO CBA3aHO € OCOGEHHOCTBIO (DYHIAMEHTAJILHBIX peLleHHuil
runepboIMYecKUX YPaBHEHHI, KOTOPble TPHHAJJIEXKAT KJ1accy ob0BIEeHHbIX (DyHKIHIL.

B pa6ore usnaraercs meroq TUY s nocrpoerns: pemenuii Ha9aIbHO-KPaeBbIX 3a,1a1
OIS cHcTeM rrnepGoIyeckux ypaBHEHU B NpocTpaseTBax pasmeproctit N, xapakTepHbix
AN 33Ja4 MaTeMaTHdeckoit dusuku. Meron 6asupyercst Ha IOCTPOEHHH B IPOCTPAHCTBE
0606ueHHbIX (YHKUMA HecTaloHAPHBLIX aHanoros ¢opmyn I'puna u Taycca gas pewennit
cucreM runepbosndecknx ypasueHuil. s nocrpoeHmst sTmx OpPMYNM HCIONB3YeTcs
marpuna I'pusa cucrembl H ee nepBoobpasnas 110 Bpemenu. Ha HX OCHOBe IOJIyHeHbI
peryJisipHble HHTErpajibHble NPEACTABIEHHS pEIeHHH M pa3pemiaiolye CHHIYJIsSpHble
IPAHUYHbIE WHTErpajlbHble YpPaBHEHUs. PaccMarpuBaioTcsi BONPOCH! NOCTPOEHHS YCJIOBUIL
Ha BOJIHOBBIX (pponTax./JoKkasaHsl TEOpeMBl €IMHCTBEHHOCTHM DeEIIeHHH MOCTABJIEHHBIX
HAYaJIbHO-KPAEBhIX 33/]a4, B TOM YHCJIE B CJy4ae HAJHYHS YIAPHEIX BOJIH.

B kawecTBe mpuMepa pacCMOTpDEHbl HECTAIMOHADHBIE KpaeBble 3aJadM TEeOPHH
YIIPYTOCTH.

Kpaepas 3amaua gns auddepesHmansHo-pasHOCTHOTIO
SIIHNTHKO-NapaboMyecKoro ypaBHeHUs!

Bapy6nn A.I. (OpaoBckuii rocy1apCTBEHHBIH yHUBEPCHTET)
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