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benopycckuii rocyjapCcTBEHHBIA TEXHOJIOTHYECKU YHUBEPCUTET

K BOIIPOCY O MOJAJIBHOM YIIPABJIEHUHN OJITHOM TPEXMEPHOM
CUCTEMOU HEUTPAJIBHOT'O TUITA B OBIIEHNUK/INYECKOM CJIYYAE

B craTbe paccmarpuBaeTcs pelieHue 3aJaul MOAANbHOTO YIIPaBIeHUs /sl OTHOM TpeXMepHOIl cTaru-
OHApPHOU IMHAMUYECKON CHCTEMBI C 3aMa3/bIBAIOIUM apryMEHTOM HEUTPAIbHOTO TUIA C OJHUM BXOJO0M
1 OJIHUM 3alla3/IbIBAHKEM I10 COCTOSIHHIO B OOIIEIMKINYECKOM citydae. JlaeTcst onpezeneHue 3a1a4u Mo-
JIATIBHOTO YNPABIIEHUS Ul UcciaeyeMoil cuctemsl. [Ipu perieHun 3Toil 3agaul IpUMEHSIOTCS IMHEIHbIE
PETyJISITOPHI 110 THITY OOpaTHOM CBSI3H, COAEpIKalle KaK JIMHEHHYIO0, TaK M HHTETPAJIbHYIO YacTH. DTH pe-
TYJISITOPBI UCHIONB3YIOT HH(POPMALIMIO KaK O TEKYIIEM COCTOSHUM CUCTEMBI, TAK U BEKTOPBI COCTOSTHUH 1
WX NTPOU3BOJIHBIE B ITPEABIIYILIIE MOMEHTHI BpeMEHH. PerysiTopsl omy4YeHs! B IBHOH (hOpMe Kak dIIeMeH-
TapHble (QYHKIUH MapaMeTPOB MCXOJTHOM CHCTEMBI U €€ BEKTOpa COCTOSIHUSL. YKa3aH BHJ| XapaKTepHCTH-
YECKOro KBa3UIOJIMHOMA 3aMKHYTOM 3TUM PErYIATOPOM UCXOJHOM CHCTEMbI HEUTPAIBHOIO TUIIA.

KiroueBble cJ10Ba: CUCTEMBI HeﬁTpaIH:HOFO TUIIa, MOJAJIBHOC YIIPABJICHUE, PETYJIATOPEI, 06paTHa$1
CBA3b, 3alla31bIBaAHUC.
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TO THE QUESTION OF MODAL CONTROL FOR ONE THREE-DIMENSIONAL
NEUTRAL TYPE SYSTEM IN GENERAL CYCLIC CASE

The paper deals with the solution of the modal control problem for a three-dimensional stationary dynamic
system with a delayed argument of a neutral type with one input and one state delay in general cyclic case.
The definition of the problem of modal control for the studied system is given. To solve this problem, linear
feedback regulators are used that contain both linear and integral parts. These regulators use information about
the current state of the system, as well as state vectors and their derivatives at previous times. Regulators are
obtained in explicit form as elementary functions of the parameters of the original system and its state vector.
The characteristic quasi-polynomial of the initial neutral type system closed by this regulator is given.
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Beenenue. 3agaua MOJAIBHOTO YIPABICHUS —
OJlHA M3 OCHOBHBIX 3a/Jad TEOpUH YTIPaBIICHUS.
Ona X0po110 U3y4eHa AJIst CUCTeM 0e3 3ama3AblIBaHusl.
Jlns cucteM ¢ 3ama3ApIBaloOLUIMM apryMEHTOM U CH-
CTEM HEHTPaJbHOIO THIIA PELICHUE 337a4d MOAAb-
HOTO YINpaBJIeHUs 3HAUUTENBHO ciokHee. B craTthbe
Mpou3BOAUTCS 000OLIEHHE pe3yJbTaToB, MOTYUYeH-
HBIX B HCTOYHMKE', HA OJIHY TPEXMEPHYIO CHCTEMY
HEUTPaJIbHOTO THIIA B OOIIEIUKIMIECKOM CITy4ae.

OcHoBHasg 4acTh. PaccMOTpUM JHMHEHHYIO
CTallMOHAPHYIO CHCTEMY C 3amla3/bIBAIOLIUM apry-
MEHTOM HEUTPAJILHOTO THIIAa C OJHUM BXOJIOM H OJI-
HUM 3amna3AbIBaHUEM 110 COCTOSHUIO:

x(1)=Agx(t)+ Ax(t—h)+

+A4,x(t—h)+bu(t), t>0, (1)

rne A4,,i=0,1,2 — mocrosHHBIe 3*3-MaTpHLBI;
h >0 — IOCTOSHHOE 3ana3bIBaHie; b — HeHYJICBOI
3 -BekTop. He orpanmumbas OOLIHOCTH, CYUTACM
=[0, 0, 1] («' »o3Hauaer TpancnoHupoBaHHE).
IMpucoenunum K cucreme (1) perymisrop Buaa

+ZZ%

i=0 j=1

”( %ox t Jh)

+Ig (1 +5)ds, (2)

—h
TA€ ¢y, g; — 3-BEKTODBI; g(s), SE [—h, O] — He-
npephIBHAst 3-BEKTOP-(OYHKIHS

!SIknmenko A. A. MogabHOE yIIpaBJIeHHE OHOM CUCTEMOI HEHTPaILHOrO THIIA B 00LIeHUKIHYeckoM ciy4ae // Tpymst BITY. 2017,
Ne 2. Cep. 3, dmsuko-maTeMaTHdeckue Hayku 1 nHpopmatuka. C. 25-27.
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def '

() ==x(1), ¥ (¢)=x(1).

dt'
XapakTepucTHdeckoe ypaBHeHHE cucTeMbl (1)
HUMeEeT cnez[onmHﬁ BU:

det| 4)+ 4e™ + Ahe™ — 1, |=
Me M =0, 3)

rae uucna O.; BBMUCIAIOTCS KakK (QYHKIMH MaT-
pun 4,i=0,1,2, B 4wactHOCTH Ol =det 4,
Oy =1, 033 =det 4,.

Onpeoenenue 1. Cuctema (1) Oymer MogabHO
yIIpaBisieMa peryiasiTopoM Buaa (2), €CITH JUIA JT0-
ObIX Hamepes 3aJaHHBIX YHCEN o, =0,1,2,3,
j=0,12,3,0,,=1 naiinercs perynﬂTop (2) ta-
KOH, 4TO XapaKTepHCTHUECKOE YpaBHEHUE 3aMKHY-
Toii cuctemsl (1), (2) umeer Bux (cp. ¢ (3)):

det| 4y + 4™ + Ahe™ ~ A, +bU (M) |=

roe U (7») — peryastop (2) B 4acTOTHOH 00nacTu.

PaccmoTpuM ere ofHO ompeneneHne MOJAaNb-
HOU YIpaBIsieMOCTH

Onpeodenenue 2. Cuctema (1) OyneT MogaIbHO
yIIpaBisieMa peryisaTopoM Buaa (2), €CITH JUTA JTHO-
OBIX Hamepen 3aJaHHBIX YHCEN ocl], =0,1, 2,
J=0,1,2,0,,=1, 05, j=0,1,2 naiinercs pery-
nsTOp (2) TaKOH, YTO XapaKTepHUCTHIECKOE YpaBHe-
HUe 3aMKHYTOH cuctemsl (1), (2) umeer Buj

det[AO + Ae™ + A he™ — I, + bU(?»)} =

2 2
[z z Ocijk"e_ﬁ‘h Jx

i=0 j=0

X0ty + 003y + az e ™M +4) =0

MOo’kHO TIOKa3aTh, YTO OmpenaeneHus 1 u 2 Ik-
BHUBAaJICHTHBI.
Bgenewm (3%3)-maTpuiis:

A(M) =4, + 4™ + ke ™,
w (L) =[2>(M)b, a(A)b, b], he L C.
PaccMoTpuM OOIIETMKITHYECKIN CITyqaid:
det W (L) = c(yo +y,e ™+ ke ), (c#0).

[Tyctb maTpuiia A(?u) HMMEET CIIEYIOIIHNI BUI;

By + Ble_M + sze_}”h c('yo + Yle_)‘h + ke—kh)
A(M)= ay (A) ay (1)
a3 (7") as, (7\,)
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ay (M) a, (M) 0
=|ay (A) ay(A) 1|
ay (A) ayp(h) a;5(d)
3necs B,,i=0,1,2, ¢,y, — HEKOTOpbIE IEHCTBU-

2
TEJIbHbIC YMCIIA; d;; (K ,i=1,2,3, j=1,2,3 —xBa-
3HUITOJTUHOMBI:

+aU27»e

a; (7\,) a;o+a;e
rae a; € R; k=0,1, 2.

Cnenaem B cucteMe (1) 3aMeHy TIepeMEHHOH 110
NpaBUITy

x=T(A)y,
rae
0 0
T,(A)= 0 1 0l.
—a; (A)+m () —a,(A)+n,(A) 1

Torna cucrema (1) ¢ HOBOM TIEpeMEHHOM B 4a-
CTOTHOM 00J1aCTH IPUMET BU]T

M=A(M)y+bU(N)y, 4)

byy (M) =ay, (M) +ay; (A)—n, (R),

M, (A), M, (M) — dyrxmm, koTopble onpenenmm fanee.
PerynsTop Buna (2) B 9acToTHOH obmactu Oy-
JIeM HCKaTh B BUZIE

Ul(}\’)y=(_b31(7\')’ ~by, (M), n3(7‘)_b33(7“))y- (5)

Torna marpuria A(?u) cUCTEMBI (4), 3aMKHYTOM
3THUM PEryJIATOPOM, TPUMET BUJ

0 ~ a, (M) a, (M) 0
A(A)=[n(A) n,(A) 1 | (6)
as3 (7‘) 0 0 M, (7»)
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PaccmoTrpum ypaBHEeHue

% +(Yl _Bo)y""'Bﬂo By, =
E(}‘_&:l)(l_éz)zoa }“’ E.:I’E.:ze C.

I1yCTh BBINOIHEHO yCIOBHE
G #&. (7

PaccmoTpum BemTUYMHBI

8(&,)=B, +Be " ~&,,i=1,2. (8)

Mycrs gynximau 1, (X), M, () B (6) umeror
CIEAYIOLIUN BUJL:

My (L) =—0p,he™ + (065, — 0,8y ) e ™ —
(ot + 0y (8 +5y))e ™ + ﬁ(—azz (&2 +82)+
+ 0By + 0By (& +&; ) — 04y —B7 —
= Oy — 08,8, — 0y B (&) +&5 ) -0ty (& +E,) )+

oy, (8(&)83 —8(8,) & )+

“BEERERE)
+ 0By + 04y = 201,84 ) (8(5,)8 - 8(8,)&7 ) +
+ (=204 + 0ty — 0y BBy + 0y By +BF + 0,5 ) X
x(8(8)& -8(8,)& )+
+ (0BT — 00y BBy — 201,y + 01185 + 0t By ) X
x(8(&)8, ~3(&,)& )+
+ (o + 0o — 0t BBy ) (8(8,) ~ (8, ) +

TEERERE)

g et 4 e S M
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+ (0(21[31 0y, —20(22[30)><

G _g M 3 eCih_ oM
A— &2) (&2)& [;\' gl) }"'

+ (_20‘12[30 + 0oy = 0y BBy + 0 By + B +0‘22[~)’§)X

ze§2he7‘h zeélhe”'

+ (%0612 =0y BoBy —20t5,B + 01,5 + 01y By )X

()&=
(et

o5l _oMh S _o—Mh
( (&1)&2 (7» éz) (&2)%1 W}"‘

+ (0‘0081 + 0,5 — 0, BB, )X

X[S(il>f{i—;§hﬁ(az)f7ﬁ—g;hJJ.
M, (A)=
’ (B%«BO (& +8)) (e (Bo — (& +82)) — 0By -
— 0ty ) =y By — g, 4By (0 + 0y (& +E,)) ) -
~ ey (02 (8 -8 (0 o) (8 - 83 +
+ oy (G~ G )+
0By (& —& )+ 0B (Ee ~Eye ™)+

&k —e oh L
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+ 0, (8(E, ) e = 8(&, )e 7" )+
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(e_&'lh —eM ] [e_élh —e M ]
3
_(BO_&2)6(§2)§1W + _(B0_§2)8(&2)(7\.——§1)
-2 _ 2 2
+ ( 0oy + 0ty — 0y BBy + 0ty By + By + 0y, )X Myers 1, (1) B peryasrope (5) nveer B
o S2h _ M
x| (B, —€)8(8))&; % - n; (M) = =01 — 05,6 — oz he M
HerpynHo mpoBeputh, uto peryiusrop (5) pe-
, (e_élh —e‘“lj nraeT 3ajady MOJAlbHOTO YIpaBICHHS IS CH-
- (Bo -&, )5@2 )E.q T{:’l) + CTeMBI (4), a perysaTop

UA)x=U,(MT™"(A)x

2 2
+ (0,7 — 0 = 20, + 00,5 + 0t By ) X
101 = 0uBofy 02y + 0,5 + 0y pelaer 3ajady MOJATBHOTO YIIPABIECHMS IS CH-

[ G2 _ A ] cremsl (1).
x| (B, —&)8(& )&, ———2— Takum 00pazom, JoKazaHa Teopema.
( ’ 1) ( 1) gy Teopema. Jlns toro 4to6b! cuctema (1) Oputa
MOJAIILHO YIIpaBisieMa peryysiTopoM Buma (2) B
[6—51’1 _e—lh] ciyqae (7), HEOOXOAMMO U JAOCTATOYHO BHIMTOJTHE-
—(By —&,)3(&,)¢, Tha + HUSL yCTOBHH
3(&,)#0,i=1,2,
+ (%0[312 + aozB(z) — 0y BB, )x rae 5(@) omnpeencHsl B (8).
3akmouenne. Takum 00pa3oM, MOTyUCHHBIE
L _e—%h] PETYIATOPHI PEIIAOT 337]a4y MOJATBHOTO YIIpaBIIe-
X ([30 -§ )6({;1 )W - HHUSL [T PACCMATPUBAEMOM CUCTEMBI B OOIIEI[MKITH-
2 YECKOM CIIy4ae.
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