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KPUTEPUN HABHAYEHUA COBCTBEHHbIX YACEN
MATPULIbl 3AMKHYTOW CUCTEMbI

Y1kuHn A.B.
(Vupearcoenue Poccuiickoil akademuu Hayk
Hnuemumym npobnem ynpaenenuss PAH, Mockea)

B cmamve paccmompenvt 80npoChl MOOANbHO20 YRpAGILEHUs, d
UMEHHO pazpabomansl Kpumepuu HA3HAYeHus COOCMEEHHbIX Yucel
mMampuyvl 3aMKHYMOU CUCMEMbl ¢ Y4EMOM mpebo8anull K nepexoo-
HOMY Nnpoyeccy, MOYHOCMU pe2yIUPOSanusi U OSPAHUYEHU Ha
Ynpasnsowue 8030€iCmeus Ha npumepe JUHEUHOU CUCIeMbl 6MOo-
P0O20o nopsoka.

KiroueBsle croBa: 3amada MOJAIBHOTO YIIPaBIEHUS, OJIOYHBIN
MOAXO0J, HA3HAYCHHS CIEKTpa MATPHUIBI 3aMKHYTOH CHCTEMBI,
TpeOOBaHMA K ITEPEXOTHOMY TPOIIECCY.

1. BeedeHue

3agavya MomanbHOTO yrpasieHus [1] Obula mocraBieHa W pera-
Jack B HaYaJbHBIH TIEPHOJ CTAHOBIICHHS TEOPUM YIIPABJICHUS B
OCHOBHOM ]ISl JINHEHHBIX CUCTEM C OJTHU BXOZOM H OJJHUM BBIXOZIOM
(SISO - cucrembl) 1 B HacTosiliee BpeMs MOJAIBHOE YIPaBJICHHE
CUMTAETCSI OJJHUM M3 OCHOBHBIX METOJIOB CHHTE3a CHCTEM yIIpaBlie-
Hus1. CIIeKTp MaTpuIlbl 3aMKHYTOH CHCTEMBI 3aJaBajiCsl MCXOIS W3
MoKa3aTeliell MepexoJHOTO Tpolecca, TAKUX KakK MepeperyiupoBa-
HHUE, KOJIe0aTeIhbHOCTh, BpeMs IIEPEXO0THOTO MpoIiecca (BpeMs CXO0XkK-
JICHUS B 33/IaHHYI0 00J1aCTh) OTHOCUTENIHHO BBIXOJIHOW MEPEMEHHOM.
Cam (akT TOro, 4ro IOKAa3aTeNu MEPEXOJHOr0 IMpolecca II0X0
bopManm3yeMbl B TEpMHHAX MOJEIH OOBEKTa YIPABICHUS, IPHBO-
JWT JIUIIb K DMIIMPHYECKUM METOJaM HaxXOXKICHHS COOCTBEHHBIX
Yrcell 3aMKHYTBIX CHUCTeM (MeToll KopHeBoro rojorpada). Ta xe
CHTyalusl CKJIAJbIBACTCI W B METOAE KBaJPAaTUYHON ONTHMH3AINU
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[2], rie BO3HHUKAIOT TPYAHOCTH, CBSI3aHHBIE ¢ (hopMasm3almei BbI0o-
pa KBa[paTHYHOTO KPHUTEPHS MCXOMS U3 TPEOYEMBIX XapaKTEPUCTUK
MepEX0IHOTO MpoIiecca.

Y AMBUTENBHBIM TPEACTABISECTCS TOT (aKT, 4TO pa3paboTaHHbIC B
JI0 KOMITBIOTEPHYIO 310Xy METOJIbl MOJAIBHOTO YIPABICHUS /10 CHX
MOp B TIOJIHOW Mepe He pa3BUTHI U A JuHelHbIX SISO — cucrem w,
TeM Ootee, 1t MHOTOCBsI3HBIX cucteM (MIMO - cucrembl) B OCHOB-
HBIX 3aJa4aX MOJAJIBHOTO YIIPABJICHUS - 3aaHHe COOCTBEHHBIX
YHcell 3aMKHYTOH CHCTEMBI U CHHTE3 00paTHOH cBs3H, oOecreunBa-
0NN 3aJJaHHBIA CIIEKTP 3aMKHYTOW CUCTeMBI. CIep KHBAIOIIIME
(akTopamMu B pa3BUTUH TEOPHU MOJAIBHOTO YIPABICHUS HO- MPEXK-
HEMY SIBJSIFOTCS. HEBO3MOXKHOCTh (popManuzoBarb TpeOOBaHUS K
HEepPEXOAHOMY TPOLECCY B TEPMHUHAX MOJEIH OOBEKTa YIPaBICHHS H,
KpOME TOT0, XapaKTepHasl JUIi COBPEMEHHBIX CHCTEM YIIPaBIICHUS
BBICOKas Pa3MEPHOCTb M MHOTOCBS3HOCTh MOJeNeld OOBEKTOB
YIIPaBJICHUSL.

BooOmie co3nmaéres BrevaTieHue, 4TO aBTOPHI CO3HATENBHO H30e-
rafloT TPaKToBaTh TpobieMy BeIOOpa crmektpa [3]. Bmecro storo
BHUMaHHE COCPEJOTAYMBACTCS HA OTHOCHTEIBHO BTOPOCTEIICHHBIX
MEXaHU3Max OIpEeeNeHNus] MaTpuubl K03()(UIIEHTOB MOAAIBHOIO
peryisTopa TpH HEKHX «3aJaHHBIX» COOCTBEHHBIX 3HAYCHHSX,
HESICHO KaKUX.

2. O6cyxoeHue npobnemsbl. locmaHoeka 3adayqu

PaccmarpuBaercs nuHeiHas MHOrOMepHast CTallMOHapHas cucTemMa
BHJA:
X, =X
1= 4
o
X, =X, +a,X, +U,
rme XER?, UER — BEeKTOp COCTOSHHS M BEKTOp YIPABICHHIT
COOTBETCTBEHHO. 3a YIPaBISAEMBIA BBIXOJ CHUCTEMBI NPHHUMAETCS
KOOpAMHATa X, .
Jns cucremsr (1) ctaBuTcs 3amada 3aaHusl CIIEKTpa 3aMKHYTOM

CHCTEMBI C TEM, YTOOBI 00ECHEUYUTh 33JaHHOE NEepeperyIupoBaHHe
IO BBIXOAHOM NMEPEMEHHOMN X{may = CONst >0 M 3a1aHHBIM BpEMEHEM
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mporecca cxoaumoctu. Kak 0OBIYHO, TIOJT BPEMEHEM CXOIUMOCTH
MMOHUMAETCS BPEMSI TIOTIA/IaHMS B 3a/IAHHYIO0 OKPECTHOCTh HYJIS.
Jus crabunmuzanmu BeIxoga cucteMbl (1) menmecooOpa3HbIM BU-

JIUTCS UCIIOJIb30BaHue OJI0YHOTO OAXO0Ha:
CornacHo uaeonorun 0109HOTO TIoaxoza [4], BBenéM B cuctemy (1)
HE0Cco0YI0 3aMEeHY TIEPEMCHHBIX
(2) X, =X, + KX
Torna, nuddepentmpys (2) B cuiny cucremsl (1) momyaum:

X, = X + ayX, +U+K X, .
[anee, BbIMONIHSS 00paTHYIO TIOACTAHOBKY M3 ypaBHEHHS (2) BMECTO
X,, cucreMa (1) mpuMeT clienyroLui BU

X =KX, + Xy,

X, = (a, —k,a, —k2)x, + (a, + k)X, +u.
Bri6pas cTabmI3HpyroIIee yIIpaBJICHHE B BHIIC
u=—(a, —ka, —k7)X +K,X,, HOTydHM CIEIYIONIYI0 3aMKHYTYIO
cucTeMy

X, = -k, + X5,
@) . -

X, =(a, +k, + ,)X,,
rne 4, =—K,, 4, =a, +k, + f,,
afi=—(@ -Aa, &) f,=-8, -4 4.
Cucremy (3) MOXKHO TIiepericaTh B BUIC:
2 X, ==X +X,,
( X, = —A,%,.
Jlanee eciy NPeAnonokuTh, 4to X, (0) >0, u B ypaBHeHUH 3amMe-
HbI mepeMeHHbIX (2) X, (0) =X, (0) + Kk %, (0) >Kk;x,(0), To X,(t)
Oymer BO3pacTarh, IOKa He OyAeT BBIMONHITHCS HEPABEHCTBO
X, (1) =X, (t) + k%, () >k, x, (t). TIlpu ostom, dyem  Ooblie
f, =(a, + 4 +4,), TeM ObICTpee ITO HEPABEHCTBO BBIIOIHUTCSL.
OTcrofla MOKHO CJIeIaTh OYEBHMIHBIA BBIBOJA, O HEOOXOIMMOCTH
BbIOMpaTh A, A, >0=> f}, f, >0 u ||f| —>00, uro Ha mpaxtuke

HenpuemiiemMo. KoHedHO, IIpu , A, —> 00 TEepeperyIupoBaHue
2
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OTCYTCTBYET, HO BBIOOp OECKOHEYHOTO YIPABICHUS B PEabHBIX
CHCTEeMax HEBO3MOXEH.

3. CuHme3 Ha ocHoee 6/104HO20 rnnodxoda

OcHOBHas1 HJIesl COCTOUT B BBEJICHUH (DUKTUBHBIX BO3MYILIECHHH B
HCXOJHYIO CUCTEMY M NPUMEHEHHMHU OJIOUHOIO MOAXOJa AJIS HoIyde-
HUSI MaTPHULbl 3aMKHYTOH CHCTEMBI, , UYTO MO3BOJISIET B JajbHEHILIEM
BBECTH HEKOTOpBIC HIDKHHE OTPaHMYCHHUS TPU HA3HAUCHHUHU CIIEKTpa
MAaTpHILbl 3aMKHYTOW CHCTEMBI.

PaccMoTpuM JMHEHHYI0O MHOTOMEPHYIO CTallHOHAPHYIO CHCTEMY
BUJIA:

(1%) Xp =X, +1,(t),

X, =@ X +a,X, +U+77,(t)
rme XER?, UER ,;7ER? — BeKTOp COCTOSIHHS, BEKTOp YIIpaBIIe-
HUH ¥ (QUKTUBHBIX BO3MylIeHHH. @OUKTUBHBIC BO3MYIICHHS I10JIa-
rarTcs OrpaHU4EHHBIMH byHKIMAIMU
| <N, =const,|r7,| <N, =const.
Hnsa cucrembl (1) craBuTbCs 3amava cTaOMIM3AMK TEPEMEHHOM
X; =0, t — 0o npu MMHUMAIbHOM HEPEPEryITUPOBAHUM X, -

CornacHo mpensiaylieMy pasfeny, Imocie BhIOOpa aHaJIoTHMYHOH
o0paTHOH CBSI3M, MOXXHO Tmepenucarh cucremy (1*) B OiouHOM
3aMKHYTOM BUJIE

X, ==K X, + X, +774,

3 . _
X, =(a, +ky + )%, + kg, +17,,

rne A =K, 4, =a, +k, + f,,
af,=—(a, -4a, _/112)’ fo=-a,-4 -1,,

1 Jajiee B BUJC aHAJOTHIHOM (4)

(4%) Xy = =A%+ Xp +17y,
Xo ==Xy + Atpy +175.
O4eBHIHO, YTO pelIeHHe 33a4l CTA0MIN3AIIA CHCTEMBI BTOPOTO
nopsizika (1) OTHOCUTENBHO NEPEMEHHON X; IIPU HAIUYMU BHELIHUX

BOSMYIJ_IQHI/Iﬁ BO3MOXXHO JIMIIB C Sa,Z[aHHOfI TOYHOCTBIO.
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IIpeanonaras, 4T0 BO BTOPOM YpaBHEHMM 775 =0, MOKHO 3amucarhb

Ipu 3aJaHHbIX OKPECTHOCTAX CXOAMMOCTH Al nu AZ JIA ICpEeMCH-
HBIX X; U X, COOTBETCTBEHHO, CIECAYIOININE HEPABEHCTBA!

ﬂSAZ:/lzzllNl, A2+le4:>/112AZ;Nl.

A, 4, A4
Jlasiee MOXKHO BBIBECTH HEPABEHCTBA JJIsl KOHCTPYKTUBHOTO BBIOOpa
KOpHe# (1py BBIOpaHHBIX AU 4, ).

g > LNy

ui, Z%Nl.
4

4, 3akno4yeHue

B pabote mpemnosxkeHbl KPUTEPUH Ha3HAUYECHHA COOCTBEHHBIX
Yrcea MaTPHUIbl 3aMKHYTOH CHCTEMBI ¢ YIETOM TpeOOBaHHI K mepe-
XOIHOMY IPOLIECCY, TOYHOCTH DPETYIUPOBAHMS M OIPaHUYEHUI Ha
YIIPABJIAIOIINAE BO3JACHCTBUS HA IPUMEPE JIMHEWHON CUCTEMBI BTOPO-
ro nopsiaka. OCHOBHAs Hjiesl 3aKII0YaeTCs B IPUMEHEHNH OJIOYHOTO
MOIX0Ja ¥ BBEICHUU B CHCTEMY BHUPTYAJIbHBIX BO3MYILEHWH, YTO B
KOHEYHOM HTOTE MO3BOJISIET MOJyYUTh HIKHUE OLICHKH ISl BEIOOpa
CIeKTpa 3aMKHYTO# 6;104HOi cuctembl. IMeHHO mprMeHeHue 0104-
HOTO TOAXOAA MO3BOJISIET HAWTH MpPSIMYI0 3aBHCUMOCTh MEXIY
COOCTBEHHBIMH YHUCIIAMH 3aMKHYTOW CHCTEMBI W TpeOyeMbIMU
OKPECTHOCTSIMH CXOAMMOCTH II€PEMEHHBIX OOBEKTa YIPAaBICHHUS.
BaxxHO OTMETUTb, YTO MAaHHBIH MOAXOMA SBISIETCS MNPAKTUYECKU
3HAYMMBIM, TaK KaK Ha MPaKTHKEe Ha JIOO0O0H OOBEKT ympaBliCHUS B
TOW WM WHOW CTENEeHU JEUCTBYIOT BHEIIHME BO3MYIIEHHUS, YTO
MO3BOJIIET B JajbHEHIIEM MNPUMEHATh NaHHBIH MOIXox B Oojee
UPOKOU pobacTHOM mocTaHOBKE. Kpome Toro, MaHHBINM MOAXOJ
JIETKO PACHpPOCTPaHAETCd HA MHOTOMEPHBIM CITydail, 9TO Y4YHUTHIBas
HEYKJIOHHO BO3PacTalollyl0 Pa3MEPHOCTh COBPEMEHHBIX OOBEKTOB
YIPABJICHUS, NAET HEOCTIOPUMBIE IIPEUMYLIECTBA.
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THE CRITERIA FOR THE SPECTRUM
ASSIGNMENT OF THE CLOSED-LOOP
DYNAMIC MATRIX

Utin Anton, Institute of Control Sciences of RAS, Moscow,
Cand.Sc., senion research worker (utkin-av@rambler.ru).

Abstract: In this paper the modal control problem is discussed. The
criteria for the choice of the matrix spectrum of the closed-loop
system with the requirements to the transition process, accuracy of
regulation and restrictions on control actions is developed.

Keywords: modal control, block control principle, spectrum of
the matrix of closed-loop system, the requirements for transition
process.
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