Tpyabl BITY, 2019, cepusi 3, Ne 2, c. 17-21

17

YK 517.977

A. A. SIkuMeHKoO
benopycckuii rocyjapcTBeHHbIN TEXHOJIOTHYECKUN YHUBEPCUTET

JOCTATOYHOE YCJIOBUE MOJIAJTBHOM YIIPABJAAEMOCTH 111 CACTEM
HEUTPAJIBHOI'O TUIIA C COUBMEPUMBIMMU 3AIIA31bIBAHUSAMU

B myOmukanuy paccMOTPEHO J0CTaTOYHOE YCJIOBHE MOJAAIBHON YHPaBJISIEMOCTH /ISl CTallMoOHap-
HOW TMHAMHYECKOW CHCTEMBI C 3ala3/bIBAIOIINM apTyMEHTOM HEHTPaIbHOTO THIIA C OJAHUM BXOJOM U
COM3MEPHMBIMH 3ama3/bIBaHUAMU. J[aHO ompezaeneHue 3a1aui MOAATBHOTO YIIPABICHUS ISl UCCIIEy-
eMoil cucreMsl. [lorydeHO HOBOE JIETKO MPOBEPSIEMOE YCIOBUE MOJAIBHON yiipaBisiemocTu. [lokasaHo,
YTO IIPU BBIIIOJIHEHUH 3TOTO YCJIOBUSI PETYJIATOPBI, PEIIAIOIIUe 33ady MOJAIBHOTO yNpPaBICHUS, MO-
I'yT OBITH BBIOpaHbI B Kiacce AuddepeHnnansHO-pasHOCTHBIX PEryIsTOpoB. B craThe momydeHs! Takue
PEeryIsTOpbl, KaK dJIeMeHTapHbIe (PYHKLUH [IapaMeTpoB UCXOAHOH cucteMsl. [IpuBeneH npumep perre-
HUA 3a/la4i MOAAJIbHOT'O YIIPABJICHUA IJIs paCCManMBaeMOﬁ CUCTCMBI.

KiroueBble c10Ba: CHCTEMbl HEUTPAJIbHOTO THIIA, MOAAJIbHOE yrparieHue, auddepeHuanTbHo-
Pa3HOCTHBIE PETyJIATOPBI, 0OpaTHAS CBsI3b, 3aMa3IbIBAHNUE.

A. A. Yakimenka
Belarusian State Technological University

SUFFICIENT CONDITION OF MODAL CONTROLLABILITY
FOR NEUTRAL TYPE SYSTEMS WITH COMMENSURATE DELAYS

The publication considers a sufficient modal controllability condition for a stationary dynamical
system with a delayed argument of a neutral type with one input and commensurate delays. The defini-
tion of the modal control problem for the system under study is given. A new, easily verifiable condi-
tion of modal controllability is obtained. It is shown that when this condition is fulfilled, the regulators
that solve the modal control problem can be selected in the class of difference-differential regulators.
The article has obtained such regulators as elementary functions of the parameters of the original sys-
tem. An example of solving the modal control problem for the system under consideration is given.

Key words: neutral type systems, modal control, differential-difference regulators, feedback con-

trol, delay.

BBenenmne. 3amaua MOJATBHOTO YIIPaBICHUS
SBIISIETCS. OAHOM W3 OCHOBHBIX 337ad TEOPHHU
ynpaBnenus. Takas 3amada XOpoIIO HW3ydeHa ISt
cucteM 0e3 3ama3/bIBaHus. I CUCTEM C 3ara3/bl-
BalOUIMM apryMEeHTOM HeWTpanbHOro tuma [1-9]
peleHre 3aadyd MOAAJIBHOTO YIPABIECHUS 3HAUYU-
TEJNBHO CIIOXHEe. JTO 00YCIOBIEHO TeM, YTO TpO-
CTPAHCTBO COCTOSHHH TaKWX CHCTEM, KaK MPaBUIIO,
O6eckoHeuyHOMepHO. [ crcTeM 3ama3ibIBaroIIero
TUma B [4] MOMYYEHO HOCTATOYHOE YCIIOBHE pEIlie-
HUS 3aJaud MOJAJIBHOTO YIIPaBIEHHS B Kiacce
nudpepeHInaNTbHO-Pa3HOCTHBIX PEryJIsTOPOB.
B naHHOU craTtbe monmydeHO OOOOIEHWE STHX pe-
3yJNBTaTOB HAa CHCTEMBI HEHTPATBHOTO THIIA C OJ-
HUM BXOJIOM M COM3MEPHUMBIMH 3aI1a3bIBAaHISIMU.

OcHoBHasg 4acTb. PaccMoTpum JMHEHHYIO
CTallHOHAPHYIO CHCTEMY C 3ama3/bIBaONUM apry-
MEHTOM HEUTPaJbHOTO THIA C OAHHM BXOJOM H
COM3MEpPUMBIMH 3ama3bIBaHUSIMU:
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Onpeodenenue. Cucrema (1) MomanbHO ympas-
JisieMa PerysiTopoM Bm{a (2), ecnu s Hamepen 3a-
JIAHHBIX YHUCEI OCU, =0,1,...,m; j=0,1,..., nN;

Q.,, =1 Haiigercs Takod peryysaTop, NpU KOTOPOM

XapaKTePUCTUUECKOE YpPaBHEHHE 3aMKHYTOH cu-
crembl (1), (2) Oymer WMeTh ClEAYIOIIMI BUI

(cp. ¢ (2)):
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Torma cucrema (6) mepenuIIeTcs B BUAC
i(t)= A(m)x (1) +b(m)u(t). (7
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rae o, = o, (m), i=0,1,...,n—1 onpenenens B (9).
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HemocpenctBeHHo#t mpoBepkod yOexmaeMcs,
yto perymarop (11) pemaer 3amady MOIaIbHOTO
ynpasnerust aius cuctemsl (10). Beimonaum B cu-
creme (10) oOpaTHyr 3aMeHy TEpEeMEHHBIX

y=T"(m)x. Toraa, 04eBHHO, PETYIATOP

N,y + A, 77 (m) x(2) (12)

pemaer 3aja4y MOJAILHOTO YHPAaBJICHUS Ui CH-
ctembl (7). YMHOKUM 00¢ YacTH cUCTeMBI (7) cite-

u(t)=[n, M

N
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=

ctemsl (7) k cucteme (4), KOTOpas B OIEPaToOpHOM
BHe dkBUBajeHTHa cucteme (1). CinemoBarensHo,
perynarop (12) pemaer 3amadyy MOAAIBHOIO
ynpaenenust ans cucteMbl (1). Takum oOpazowm,
MBI JOKa3aJId CIEAYIOIIYI0 TEOPEMY.
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amu

S
=
B

ay (m) ap

3
~—

L
[N}
@
—~

3
~—

as (m) s, (
r71e
ay, (m)==3+3m—4m* +3m> —m* +m’,

a, (m)=4+m+9m> =3m* +5m* —m’ + m°,
czlj,(m)=—1—10m—m2 —11m® +2m* =3m’ + m®,
ay (m)=m+4m*> —=4m’> + m* —m’> + m°,
ay, (m)==m*+6m> =3m* +3m’ —m® +m’,
ay, (m)=1+m+6m’ —Tm* =3m® +m’,
a31(m):—2—8m—7m2+2m3+5m4+m5,
az, (m)=3+11m+14m* +6m° +4m* +5m> + m°,

ay, (m)==3-13m—27m* +30m’ —11m* +3m’ + m",

19
0 -2 3
D(m)=|-m -2m 2m |,
-1 1 3+3m
—3+m—m?
b(m)= —m+m’—-m’|.
-2 —5m—m?

Torna marpuua Iy —D(m) numeer Bun

1 2 -3
m 1+2m —2m
1 -1 —2-3m

Ee onpenenurens paBeH 1, ciegoBaTenbHO,
ycnoBue (5) BeimonHeHOo. [locne mepexonma oT cu-
cremsl (1) k cucreme (4) 1 yMHOXKEHHSI 00EHX Ya-
creii cuctemsl (4) ciea Ha Matpunty (1;—D(m))
npuaeM K cucteme (7) ¢ MaTpuIiamMu

) ay(m) a,(m) a,(m)
A(m)=| @y (m) dy(m) ay(m)|,
ay (m) ay(m) ay(m)

e
a, (m)=—4m* +m* +m’,
G, (m)=1+m+6m>+m’ +2m* +m> + m°,
ay; (m) ==3m-3m* —11m’ —5m* —m’ + m®,
ay (m)=3m-m?,
Gy, (m)==3m—2m> —m’,
dy, (m)=1+m+7m2 +3m’ +2m* —m’,
s, (m)=1+m-n’,
dy, (m)==1-2m—m* —m®,
ayy (m) =1+3m+4m*> +2m’ —m®,

2
—m-—-—m

HerpynHo npoBepuTs, 4TO
—2m—-2m* —m’
l+m+m? R
1+m
l—m+2m*+2m* + m*
l—-m—-m*—m’ s

—m-—-—m

Tpyabl BITY Cepua 3 Ne 2 2019



20 AocTtaTouHoe ycAaoBue MOAaAbHOM YNPaBAAEMOCTU AAA CUCTEM HeﬁTpaAbHOFO TMMNa

a OIpe/ICIUTE b

[E(m),zzl(m)l;(m),(;l(m))zl;(m)} pagen —1.

Takum 00pa3oMm BBIIONHEHO ycioBue (8), ciemno-
BaTeJIbHO, paccMaTphBacMas CUCTEMa MOJAIBHO
yIpaBisema.

Cron6upr Marpuusl 7'(m) =[t1 (m), t,(m), t; (m):|

MaTpULbI

HUMCIOT BUJ

1+3m* +3m’ + m*
t(m)=| -m-2m’-m’ |,

2
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1+m ,

Marpuma A4, (m)=T"(m)A(m)T(m) » (10)

MMEET CIeIyIOIINNA BU/I:

Torma perynsaTop, pemalouIuii 3amady Mo-
JANBHOTO yrpaBieHus s cucteMbl (10), mpuo6-
peTaer BUL

u(t)=[n, M M +Ans]y(2),
rie
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nl _l_zal]m )
Jj=0
6
N ‘—1—20‘2ij=
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u(t)=[ny My o MM, T (m)x(2),
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3akawyenue. B cratee momydeH cmocod
npeoOpa3oBaHHs CHCTEMBI C 3ama3fbIBAIOLINM
apryMEHTOM HEWUTPaJbHOr'0 THIA B CHUCTEMY 3a-
nasapiBatoniero tuna. [Ipu BBEINOTHEHUU OINUCaH-
HBIX ycnoBui (5), (8) Ayg Takoil CHCTEMBI IMOJTY-
YEeH PeTyJIATOp, PEUIAIoNUil 3a/1a4y MOJAIBHOTO
VIpaBICHHUA. DTOT PEryISATOpP NPUHAIISKUT K
Kiaccy nuddepeHmaTbHO-pa3HOCTHRIX PEryIis-
TOpPOB, KOTOPBIN SIBISiETCS Hauboyiee MPOCTHIM B
peanuzanuu. Takke paccMOTPEH WILTIOCTPATHB-
HBII IIpUMeEp.
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