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[Tpu BupimIEHHI NMPaKTUYHHX 3a]ad MEXaHIKH, TipocKomii i HaBiramil TpaaMIiHO 3aCTOCOBYIOTHCS
MoJieJi Maiike KOHCEpBAaTHBHHUX CHCTEM, 30KpeMa KEPOBAaHUX, XapaKTEPUCTUKH SIKMX MOXHAa CYTTEBO
TIOJIMIINTH 32 JOIOMOTOI0 METOJIIB ONTUMAIBHOTO KepyBaHHA. BukopucroByroun crenudiky mMaTpuii
KOCQII€HTIB y pIBHIHHIX Maibke KOHCEPBATHBHUX CHCTEM 1 HasABHICTH MaJloro MapaMmerpa Mpu
MaTpuli 30ypeHs, MpoIec BUPIMIEHHS 3aad ONTUMAIBHOTO KePYBaHHSA MOXKHA 3HAYHO CIIPOCTHTH.
VY craTTi DOCTKYEThCsA 3aJada MIHIMAKCHOTO KepyBaHHS i JIHIMHOI crarioHapHOi ITWHAMIiYHOI
Maike KOHCEpBAaTHBHOI CHCTeMH (KOHCEPBAaTHBHOI CHCTEMH 3i Cla0Ko 30ypeHOI0 MaTpHUIEIo
KOeiIli€HTIB), Ha AKY /i€ HeBioMe 30ypeHHS 3 OOMEKCHOIO CHEPTIEIO.
@dopMmynmoeThCsl HEOOXiIHA yMOBa iCHYBaHHS pO3B’S3Ky PIBHSHHS Pikkarti BiINOBIZHOIO BHIJISAY, Ta
3HAXOJUTHCS YMOBA AJIs OLIIHKHU IapameTpa, 0 BXOJUTh Yy piBHSAHHS Pikkari.
BukopHcToByeTbCs OAMH 3 €(pEKTUBHHMX MIiIXOMIB O 3HAXOJPKEHHS PO3B’SI3KY piBHSHHS Pikkati s
Maiike KOHCEpBAaTHBHUX CHCTEM. A came: MaTpHILA-PO3B "SI30K plBHHHHﬂ Pikkari MPE/ICTABIAETCS Y
BUTJISIII PO3KJIaNy B PSJ 32 MaluM TapaMeTpoM, 1 HEBIZIOMi CKJIaJOBI L€l MAaTpULli BU3HAYAIOTHCS 3
HECKIHYEHHOT CUCTEMH MaTPUYHUX PiBHSHB.
HaBoanThes mpHKIan 3acTOCYBaHHS 3alpONOHOBAHMX aITOPUTMIB IO MOJENI JBOX 3B SI3aHHX
KEPOBaHUX OCIMIIATOPIB.
VY mpuknagHOMY TUTaHI MPECTABICHI B CTATTI MOCTIIKCHHS € e(EKTUBHUMH ISl pO3POOKH CTIHKHX 10
30ypeHb TiPOCKOIIYHUX 1 HABITAI[ITHUX CHCTEM.

Knrouoei cnosa: matisice koncepsamusna cucmema, MiHIMaKcHe Kepy8anHus, pieHsanus Pikkami.
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In solving practical problems of mechanics, gyroscopy and navigation, models of almost conservative
systems, in particular, controlled, whose characteristics can be substantially improved by means of
optimal control, are traditionally used. Using the specificity of the matrix of coefficients in the equations
of almost conservative systems and the presence of a small parameter in the perturbation matrix, the
process of solving optimal control problems can be greatly simplified.
The article deals with the problem of the minimax control for a linear stationary dynamic almost
conservative system (a conservative system with a weakly perturbed matrix of coefficients), on which
there is an unknown perturbation with limited energy.
The necessary condition for the existence of a solution of the Riccati equation of the corresponding form
is formulated, and a condition for evaluating the parameter included in the Riccati equation is found.
One of the effective approaches to finding a solution to the Riccati equation for almost conservative
systems is used. Namely, the matrix-solution of the Riccati equation is represented in the form of a
decomposition in series for a small parameter, and the unknown components of this matrix are
determined from an infinite system of matrix equations.
An example of the application of the proposed algorithms to the model of two connected controlled
oscillators is presented.
In terms of application the research papers presented in this article are effective for the development of
gyroscopic and navigational systems resistant to perturbation.
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ITOCTAHOBKA 3A/IAYI TA YMOBA ICHYBAHHS PO3B’A3KY

Hexaii Ha xepoBaHy JIHINHY CTaIllOHApHY Maike KOHCEpPBAaTUBHY cuctemy [1, 2] mie HeBimome
30ypenns f (t) 3 00MEKEHOIO eHepriero. Mojens MaTUMe BUTIIS

X = (A + &l )X+ Bu + &P 1)

ne X =[x X2n]T 2N -BuMipHHit BekTop cramy, U =[Uy,.,U,]" — M-BEMipHHii BEKTOp KepyBaHBb,
£ — mamit mapamerp; A, A €R,, ., npudomy A =-A] u det(A,)=0, BeR

npu kepysanHi, ¥ € R, , — MaTpuus npu 30ypeHHi.

o — MaTpHILS

[IpoGnema MiHIMAKCHOTO KepyBaHHS [3—5] mosiirae B TOMY, 100 3HAWTH KepyBaHHS u(t), SIKE
MiHIMi3ye (YHKITIOHAT

J =T(XTQx+uTu—72fo)dt (2)
0

i 36ypenns f(t), mo ioro Makcumisye.
VY dyukiionani (2) y —3agane yucio, Q >0 — g0JaTHO BU3HAYEHA MATPUIIS.
Baxxane ontumanbHe KepyBaHHS IIYKaTUMEMO Y BUTIISII
u=—eBTSx, (3)
a Haifripie 30ypeHHs
f=K;x, K;=g/29'S. (4)

Tyr S — nmomaTHO BM3HAU€HA MATPHIS-PO3B’ 30K MATPUYHOTO PIBHAHHS PikkaTi HACTYITHOTO
BUTJISILY

S(Ay+ A )+ (A +eA )’ S —£?SBBT +y 2?SPPTS +Q =0. )
SIKIIO MOKJIacTU
P=¢S, (6)
MaTpUyHe piBHIHHS (5) MepenuieThes y Takui crnocio
P(Ay + A )+ (A + A ) P—ePBBTP + y 2PYPTP +4Q =0. @)

Binznaunmo, 110 He 171 BCiX 3HaU€Hb ¥ ICHY€E JOJAaTHO BU3HaueHa MaTpulll P, sika € po3B’a3KoM
piBHaHHA Pikkati (7). Bizomo [3], mo icHye MiHIMaiabHe 3Ha4€HHS ) =}, Take, IO AJs BCIiX

3HAUeHb ) € [7mm,oo) matpuls P 1omaTHo BU3Ha4eHa, a IpH ) < J,,, Marpulsl P 3HaKo3MiHHA.

[Tepenumenmo piBHSHHSA (7) Y 3pyYHOMY JIJISl TIOAATBIIOTO JOCTIHKSHHS BUTIISII

P(Ay + A )+ (A +2A ) P—P(BBT —y 299 P +Q =0. ®)

Buxonsun 3 ¢opmymnoBaHHS 33/7a4i MiHIMAakCHOTO KEpYBaHHS, 3pO3YMIJIO, IO KEPyBaHHS u(t)
MOBUHHO [iSITH HAa CHCTEMY MO THX kK€ M <N KaHajax, o 1 30ypeHHs f(t). [Hakme kaxyuw,

HEHyIbOBI eneMeHTH matpuui W e M, , MOKYyTh PO3TAIIOBYBATUCS TUIBKU B THX PAIKaX, y SKUX

2nx

3HAXOJATHCA HEHYJIbOBI eleMeHTH MatpuIll B € R sIKa Ma€ MaKCUMaJIbHUM paHnr M. 3 1bOTO,

2nxm 2
OYCBHUIHO, BUILJIMBAE€ TaKa YMOBa

2n > m = rang(B)> rang(*¥). 9)
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Bimomo [8-11], mo rang(AAT )= rang(A). Toxi ymoBa (9) moxe OyTH 3amcana y BUTIISII
2n>m= rang(BBT )2 rang(‘P‘PT ) (10)
Ouianmo napametp y . [Ipumyctumo, mo
BB" —y 2wy’ (11)
3 (8) € HEeB11’€MHO BU3HAUEHOIO MATPUIICIO paHry M.
3HaliIeMO KOHCTPYKTHBHI YMOBH JIJIs OL[IHKY ITapaMeTpa ¥ , 0 BXOAUTh y piBHAHHS Pikkarti (8).
3 BHKJIaJICHOT'O BUIIIE BUILIMBAE, IO
N =BB" -y 2¥wT =B(l,, -y 2HHT JB". (12)

Marpunst N MaTuMme MakCUMaJbHHMA paHT M TOJI Ta TIABKK TOI, KOJH Oyae HEBHPOHKEHOIO
MaTpUIL

M=1,—y2HH. (13)

Jlnst icHyBaHHS JI0aTHO BH3HaYeHOro po3B’sisky P >0 piBHsaHHs Pikkari (8) M moBuHHA OyTH
TEX JIOJaTHO BU3HAYCHOIO, 110 OyJIe TOI 1 TUTHKU TO, KOJIM BUKOHAHO YMOBY [9]

172\ A (HHT ). (14)

3HAXO/KEHHSA PO3B’S3KY PIBHAHHSA PIKKATI
151 MANKE KOHCEPBATUBHUX CUCTEM

Jns po3p’sizaHHs piBHAHHA (8) 3acTocyeMo BHMKJIAAEGHUH y poOoTi [6-7] miaxia, sxuil OyB
3aMpoNOHOBaHUM JUIs PO3B’sI3aHHS 33/ayl ONTUMAJIBHOIO KEpyBaHHS Maii)ke KOHCEpBATHUBHUMHU
cUCTeMaMM 3 MalluM MapaMeTpoM. A came, IIyKaTHMEMO MaTpHIIO-po3B’si30k Py BuUIisaai
PO3KJIay 3a MaJIUM IapaMeTpoM

P=Py+eP +&’P+..= > &'P. (15)
i=0
VY TakoMmy >k BUIJISI/II TPEACTAaBUMO 1 MaTpHI0 Q

Q:QO+5Q1+82Q2+"':ZgiQi' (16)
i=0
[TincraBuBmm (15) 1 (16) B (8), omepxyemo
(Py+ &P+ 2P, +...)- (A + 8A )+ (Ap + A ) - (Py + 6P+ £7Py +..)-
—e (P4 +e7P+...) (BBT =y YW )-(Ry + 2Py + £2P, + )+

+e(Qy+eQ +2%Q, +..)=0. (17)

[IpupiBHsBIIM KOE(]ILIEHTH MPH OJHAKOBUX CTENEHSAX &, OTPUMAEMO HECKIHYEHHY CHCTEMY
anredpaiyHuX piBHSAHB TUITY Pikkari

AP, —P,A, =0, (18)
AR ~PA = PaA + AP~ S R-(BBT 7 PW¥T) R 40y 1=12. (19
k=0
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Jns  3HaXO/pKeHHs OaXaHoro HaONMKEHHS MAaTpUli-po3B’si3ky P moTpiOHO mocCiiZoBHO
PO3B’s3aTH BiJIMOBIHY KIJIBKICTh PIBHSAHB JAHOT CHCTEMH.

INPAKTUYHE 3ACTOCYBAHHSI HABEJIEHOI'O BULIE ITIIAXO/1Y

Po3risiHeMO cucTeMy 4YeTBEpPTOTO MOPSAAKY, sIKa BIiAMOBiga€ MOJENI JBOX 3B’SA3aHHX KEPOBAHUX
OCLWJIATOPIB 3 MaTPHUISIMU

0 0 @ O 00
0 0 0 00
AO = 1 B = ’ A]_ - 01
@, 0 0 0 10
0 -, 0 0 01
0y O 0 0
0 g, 0 O .
= , Q@ =0, i=12,.., 20
QO 0 O q03 0 Q| I ( )

0 0 0 0

W, @, >0, @ #w,, Qyy,0p2:Uo3:ps > 0. Obepemo matpuiro V¥ mnpu 30ypeHHi y BUrazi, 1o
3a/I0BOJIbHSIE YMOBAM iCHYBaHHs pO3B’ 3Ky piBHsHH:A. Hexait

0
0
Y= | 21
X @)
0
Oninumo napametp y . st uporo o6urciaumo marpuiio (11)
[0 0 0 0]
o 00 0 0
BB —}/‘P‘P=001_i20. (22)
/4
10 0 0 1]

Jlst HeBiA €MHOI BU3HAUEHOCTI IIi€l MaTpuIill HEOOXITHO 1 JOCTAaTHHO, 100 BUKOHYBAajacs yMOBa
7?>1. Ane, BpaxoBylouM yMOBY piBHOCTi paHriB matpump BB’ i BBT —y?PW¥', ocratouno
orpumaeMo y° >1, a6o |7/| >1. Bynemo nrykatu MaTpHIfO — po3B’si30K P 3 TOUHICTIO JI0 EpIIOro

HOPSJIKY MaJIU3HH 33 &, TOOTO y BUrysanl P =P, + &R .

[Ticnst po3p’si3anHA piBHAHHA (18) oTpuMaemo 3aranbHuii BUriasan marpuni By, a came —

py 0 0 0
0
p= 2 P2 0 07 (23)
0 0 p3 O

[Ipu po3B’s3aHHI nepuIoro piBHAHHA 13 cucteMu (19) 3HalinemMo 3HaUeHHS

2
+
p101 = 7/(%1—%3) pgz =~/ Uo2 + Qo4 (24)

yo-1
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Ta 3arajlbHUN BUIIAA MaTpuli P, a came —
pp O Jo g
2ay
0 p%z 0 o
20,
A= q (25)
Zi 0 pp O
w,
o 2 o
i 2w, |
3 npyroro piBHsHHS (19) 3HaKAEMO 3HAYCHHS
P=0, p3;=0. (26)

OcTaToyHO, 3 TOYHICTIO JO MEPIIOr0 HAOIMKEHHS, MaTPUI-pO3B’S30K P Marume HaCTymHHA
BUTJISA

- _
¥* oy + Gos) q
—021_ 03 0 8% 0
y -1 @
0 v 02 + oas 0 5;&
P= g “2 27)
gh 0 Y (q()21+%3) 0
20, y -1
I R
L 2 _

Toni
72(%1 + %3) 0 Qo1 0
£ yi -1 20,
1
0 —~/Uo2 T Yos 0 oo
g & 20,

> : (28)
Qo1 0 10y (%1 + %3) 0
20, & 7?1
1
0 ;ﬂ 0 — /Y02 * Yog
@, £

[lykane kepyBaHHS MaTUME BUTJISAL

|~

, (29)
_52&)(2 —/lo2 T Qoa X4
2
a Haifripie 30ypeHHs
&o1 Oo1 + Jos
f = X, + x3:|. (30)
{272601 y2? -1
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