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AHHOTaNMsA

Ipenmer mcciaenoBanmsi. PaccmMorpena 3agaua HaflelIeHUS NIPOEKTHPYEMOIl CHCTEMBI TpeOyeMbIM pa3MEIleHUEM MOJ ee
Marpumbl cocTossHUS. MeToabl. 3ajgadya pelieHa C HCIONB30BAaHMEM BEKTOPHO-MATPHUYHOTO (opMann3Ma MeTona
HPOCTPAHCTBA COCTOSIHUSI C JOMUHHMPOBaHHEM BHHMAaHUs Ha anreOpaldeckux CBOMCTBAX MAaTPHIIBI yNPaBICHHS OOBEKTA.
OcHoBHBIe pe3yabTaThl. [lonydeHbl anreOpandecKue YCJIOBUS, HaKiaJblBaeMble Ha MaTpUYHBIE KOMIIOHEHTHI MOJENN
o0bekTa YIpaBIE€HHS M CUCTEMBI, KOTOpbhIe IO3BOJNMJIM CO3[aTh AQJTOPUTMBI pELICHHS IOCTaBICHHOW 3agauu 0Oe3
00s13aTesIbHOTO 00paIieHst K MaTpUuHOMY ypaBHeHuto CuibBecTpa U popmyne Axkepmana. IlpakTuyeckasi 3HaYUMOCTb.
Pacmmpena monp3oBarenbcKas 6a3a alrOpUTMHUYECKOTO 00eCTIeueH s MPOLUEAYp CHHTE3a CUCTEM YIpaBICHUS Ha 3a/laHHBIC
TI0KA3aTEJIA Ka9eCTBa.
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Abstract
Subject of Research.The paper deals with the problem of required placement of state matrix modes in the system being
designed.Methods.The problem has been solved with the use of vector matrix formalism of state space method with the
dominant attention at the algebraic properties of the object control matrix. Main Results. Algebraic conditions have been
obtained imposed on the matrix components of control plant and system models, which has helped to create the algorithms
for solving the tasks without necessarily resorting to matrix Sylvester equation and Ackermann's formula. Practical
Relevance. User’s base of algorithms for synthesis procedures of control systems with specified quality indices has been
extended.

Keywords

matrix modes placement, control matrix image, synthesis algorithms

Acknowledgements

This work was supported by the Government of the Russian Federation, Grant 074-U01 and the Ministry of Education and
Science (Project 14. Z50.31.0031).

HayyHOo-TexHu4ecKnii BECTHUK MHDOPMALMOHHBIX TEXHOSOMMIN, MEXaHUKM U ONTUKMK, 371
2016, Tom 16, Ne 2



ANTEEPAVNYECKUE CBOMCTBA MATPUYHBLIX KOMMNOHEHTOB MOLENEW. ..

[TpoGnema pa3MereHns: MOJI MaTPULbI COCTOSIHUS TIPOSKTUPYEMOM CUCTEMbI HMEET JOCTATOYHO OOraryio
oubmmorpaduio u anroputMudeckoe odecnedenue [1-5]. Tem He MeHee, Gopman3M METOAA MPOCTPAHCTBA CO-
crostHMi [1, 4, 5], Gasupyronmiics Ha anreOpandecKux CBOHCTBAX BEKTOPHO-MATPHYHBIX KOMIIOHEHTOB [6] Mo-
JIeNIbHBIX MPEICTABICHUI MPOIIECCOB YIPABICHHUS, €llIe HE MCUepIial BCeX CBOMX BO3MOKHOCTel. Mcnonb3oBa-
HUIO OTHOW M3 HHX JUIs MOCTPOCHHS aJITOPUTMOB YIIPABJICHUS, TIO3BOJISIONINX OCYIIECTBIISIT JKEJIAeMOe pa3me-
IICHUE MOJT MaTPHIIbI COCTOSIHUS MPOCKTUPYEMOU CUCTEMBI, TIOCBAIIIACTCS HACTOSAINAs padboTa.

Samaaum 00wekT ynpasieHus (OY), npoektupyemyro cucremy (I1C) ¢ skenaeMbiM pasMeIieHHEM MOJ €€
MaTpHIBI COCTOSHUS U curHan yrpasieHus (CY), ¢ momomsio kotoporo OV mpeobpasyercs B [1C, cucremoit
COOTHOLLIEHUI

OV: x(7)= Ax(¢)+Bu(); x(0); y(r)=Cx(r). (D
TIC: x(¢)=Fx(t)+Gg(r); x(0); y(r)=Cx(r). #))
CV: u(t)zu(t,x,g)=u(t,x)+u(g(t))=Kgg(t)—Kx(t). 3)

B coornomennsx (1)-(3) X — BEKTOp COCTOAHUS, x € R"; g,y — COOTBETCTBEHHO BEKTOpa 33/IAIOIIETO
Bo3zteiicTBus (3B) u BhIXOMA, g,y € R"; u — Bektop ynpasierus, u € R'; A, F — marpurst cocrosaus; A, F
€ R™"; B, G — marpuup! ynpasnenust OY u Bxozna [IC, B € R™:GeR"™; C - Marpuiia Beixona, C eR™":

K, — marpuua npsiMoi cBsi3u 110 BXofHOMY Bo3zenctsuio, K, e R"™™; K — Marpuia oTpuuareibHoii 06paTHoii

ceszu, K € R™ . Cucrema (2) monyuena pyHKUHOHATGHEIM 00beuHeHneM OY ¥ YCTPOHCTBOM (JOPMHPOBAHHS
CUrHaJIa yrpaBiieHus (3), He pacHIMpSIONIMM Pa3MEPHOCTh BEKTOpA COCTOSIHMS, TIOATOMY BEKTOP €€ COCTOSIHUS
COBI3JIaeT C BEKTOPOM COCTOsIHUS ucxoaHoro OV (1).

Crasures 3anaqa cpopmuposars Marpuisl K, u K, ¢ momouisio kotopeix OV (1) mpeoGpasyeres 8 I1C

(2). 3amaua Ha TIEPBOM STare PEmIaeTcs C HCIOIh30BAHUEM THITOTE3 O TIOJHOM n3MepuMoctr 3B g(t) Y BEKTOpa

COCTOSIHUSA x(t) . [Insa noucka u(l) , a cneposarensbho, K, u K, Beimonanm Beranranue us (2) (1), uro naer

0=(F-A)x(t)+Gg(r)-Bu(r). @)
[Mepernumem (4) B Buze

Bu(r)=(F—A)x(r)+Gg(t). 5)
Ecmu B (5) yuects (3), TO moxydaum

BK, g (1)~ BKx () =(F—A)x(1)+ Gg(r). ©)
BripaxxeHue (6) IO3BOIISIET 3aMucaTh ABa PABEHCTBA

BK, =G; ™)
BK = (A - F) . ®)

Pewenue (7) orHocutensHo K, MOKa OTIOKAM, penMm (8) JUlsl CICAYIOLIKMX CIIyYaeB.
1. rank B=n=dimx= B:3B"' — obparnas B matpuna [6].
Torma mns K u3 (8) MmoxkHO Oyzer 3anmcars
K=B" (A - F) .
Ora cuTyanus XapakTepu3yercsi OOJIBIIUM CHCTEMHBIM OOraTCTBOM, MO3BOJSIONMM Ha3HAYaTh KEJIAEMYIO
CTPYKTYPY MOJ U COOCTBEHHBIX BEKTOpPOB MaTpuilbl coctosinus [1C, a Takke pemrath 0CoOblid Kitacc 3aiad,

moZ00HbIX [7]. B 3TO# CBA3M MpH KOHCTPYUPOBaHUU 00BEKTa yIpaBieHus [8] Hamo T0OMBATHCS MAaKCHMAIb-
HO BO3MO)KHOTO 3HaueHUs paHra rank B marpunsl B ynpasnenns OY (1).

2. B:3B" &(A—F) € ImB, Im B—o06pa3 marpuust B [6].
VMHOKeHHe cooTHOmenus (8) Ha Matpuiy B’ maer
B'BK =B’ (A-F),
YTO TO3BOJISET 3amucarh i MaTpuibl K
K=(B'B) B’ (A-F).
3. B:3B" &(A-F)¢ImB.

Torma Ha ocHOBaHuU (8) 3ammiemM
(F—A):—BK. )
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Mycte I:dimT =dimF =(nxn) & 6{I'} =o{F} — anreGpandeckuii CriekTp COGCTBEHHBIX YHCEN MaTPU-
bl [6]. BBenem B paccMoTpenue Ga3suCHBINH KOPpeKTop B Bue (nxn)-MaTpumsl M , mocie dero samumem
(9) B opme (M rMm' - A) =—-BK . Beibopom marpuiiet M MOXXHO HaiiTH Takyro, 9TO OyZIeT BBIIOIHATHCS

yCIIOBUE (M M - A) e ImB . Yopoctum nouck mMatpuusl M . g storo MI'M ™ — A = -BK sanuiem

B DKBUBAJICHTHOH (opme

MTI - AM =-BKM.. (10)
VYpasuenue (10) 3anuiem B BUJE apsl ypaBHEHUH
MI'-AM =-BH; H=KM. (11)

Ypasuernusmu (11) Bcst Harpy3ka ¢ mpoOiemMsl orcka MaTpuiisl M niepereceHa Ha Marpuiy H, TpeGoBaHus K
KOTOPOH,

H= arg{dimH =dimB’ & observable(F,H)} , (12)

JIETKO peasu3yeMbl Tak, yTo Marpuua H MoxxeT ObITh 3ajaHa IOCTATOYHO ITPOCTO ITyTEM ITPOBEPKH BHINIOIHE-
Hus yenosus (12) [4]. IlepBoe marpuuHoe ypaBHeHue B (11) mMeHyeTcss MaTpu4HBIM ypaBHeHHeM CriibBe-
crpa (YC). Pemienne YC otHocutensHo Matpuiibel M mo3Bonsietr ypaBuenne H = KM npu 3aganHoil mat-

puue H peuuts ornocutensno Marpunsl K B popme K =HM ™' .

Marpuna K, BbMUCISETCS U3 yCII0BUs TPEOOBAHUH K Ka4yeCTBY BOCIPOM3BEACHMs cucteMoii (2) 3B K, .

ITpu 5TOM 06s3aTeBLHBIM YCIOBUEM SABJIAETCS 0OECTIEUEHHE PABEHCTBA BBIXOMA Y, = limx(¢) B HemosBmKHOM
t—>x

COCTOSIHUU g(t) =g, =const B ciy4ae, €ClIi BO3MOKHOCTH HCIIOIHUTEIBHOTO yCTPOWCTBA MO3BOJIIIOT HaJe-
JIUTh CHCTEMY TOPSAKOM V acTaTH3Ma He HMKe repsoro v 1. B stom ciydyae marpuua K, Bbraucisercs B
CUIIYy COOTHOLIEHHS

K, =arg{lim{®(s) = C(s1-F)' G = C(s1-F) 'BK, | =-CF 'BK, =1} =~(CF'B) ",

rie 1 — enuHu4yHas (nxn) -Marpuna; § — oneparop Jlamnaca; (I)(S) — nepeaaTovHasi QYHKIUS «BXOI—BBIXO»

cuctemsl (2) .
Ecnu BO3MOXXHOCTH HMCHOJIHUTENLHOTO YCTPOIMCTBA HE MO3BOJISIOT HA/ICNUTh CUCTEMY acTaTH3MOM Tak,

v -1
9TO CHCTEMA OKa3bIBACTCS CTATHYECKOH C JOOPOTHOCTHIO D MO MONOXKCHHMIO U cTaTu3MoM & = (D, ), TO mar-

puna Kg BBIYHUCIIACTCS C IOMOIIBKO COOTHOIICHMUS
K, =arg lim{®(s) =C(s1-F) ' BK, | =—CF"BK, = 1(1-3)| =—(CFB) (1-3).

st moctpoenust puznveckn peaausyeMon cucteMbl (2) HEOOXOAMMO CHSTh THIOTE3Y W3MEPHUMOCTH 3a-
JIAFOIIEr0 BO3AEHCTBUSA g(t) u 3anmcats CY (3) B hopme

u(t):Kgg(t)—Kx(t):Kgg(t)—Kyy(t)—Kxx(t)| =K,e(1)-K x(1), (13)

K,=K,=K,
rae
K, =K-K,C, (14)
8(t) — BEKTOpP OLIHOKH s(t) = g(t)—y(t) .
ArperupoBanue curaana ynpasienus (13) ¢ ucxonueim OY fgaeT cucreMy, 3aMKHYTYIO €IMHUYHON OTpH-
L[aTeIbHOM 00paTHOMN CBSI3BIO IO BBIXOY, CXeMa KOTOPOH MpUBEAECHA Ha PUCYHKE.

(1) s(t) u(?) B X(t) X(1) || po y(1)

PucyHok. CTpyKTypHasi cCxemMa 3aMKHYTOW CUCTEMbI

[TpuBenennas Ha pucyHke cucrema B cuity (13)—(14) maremarnuecku ONUCHIBAETCS BbIpakeHHEM (2).
Henonnast u3MepUMOCTh BEKTOPa COCTOSTHHMSI JIETKO KOMIIEHCHPYETCSI BBEJICHUEM TMHAMHYECKOTO HaOJFoatoIe-
Tro ycTpoiicTsa [2, 4].
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HOHy‘IeHLI anre6pa1/mec1<ne ycCJIOBUsA, HAKJIIaAbIBAEMBIE Ha MATPUYHBIE KOMIIOHECHTBI MOIECIIA o0BbeKTa

YIIpaBJICHUSA U CUCTEMBI, KOTOPBHIE MMO3BOJIAOT PEIIUTH 3aady HAACJICHHUS CUCTEMBI Tpe6yeMbIM pasMEeIICHUEM

MO/
HHE
TOM

—_—

€€ MaTpHIIbl COCTOsIHUS Oe3 00s3aTeIbHOr0 O0palleHns: K MaTpudHOMy ypaBHeHnuto CuinbBectpa [4], peie-
KOTOPOTO B ClTydae IUIOXO 0OYCIIOBIEHHBIX MaTPHYHBIX KOMIIOHEHTOB M MAaJIOM PaHTe MPaBOi 4acTH C poC-
Pa3MEpHOCTH MOXET CTaTh BHIUUCIUTEILHO HEYCTOHYHMBBIM, U K (popmysie AkkepmaHa [3].
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