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ANALYTICAL SYNTHESIS OF CONTROL LAWS
FOR SPACE VEHICLE ANGULAR TURNS DY USING
ROCKET ENGINES

V. A. Afanagyev, N. N. Malivanov, A. 8. Meshchanov

Kazan national research technical university named after A.N. Tupolev,
Kazan, Russia

Using analytical solutions of differential equations we have produced a
program of the angular turn for a space vehicle with rocket engines in
which the thrust force during start and stop changes as an exponential
dependence, The results are applicable for designing the available space
vehicles and their onboard control systems.

OIITNMAJIBHOE Y1 TAPAHTHPVYIOCIIIEE
VIIPABJIEHU S HEJJUHEAHBIMY OB HLEKTAMUI

B. H. Adaunacsen

Wucruryr npobnem yupasnenus PAH, Mocksa, Poccusa

ITycTs HenmHeRHNIN yNpaBIseMbldl ¥ HABIOIAeMbIH OBBEKT OMHCHI-
BaeTCd BEKTOPHLIM N DepeHIMaNTbHbIM yDaBHEHHEM

£0(t) = J(a) + g1 (@w(t) + (0, a(to) = 70,
@ y(t) = (),
FH01,0: TxQ >R, h: TxO—R™

3mecs T — mrTepzsan [0; T); @ — obnacts (OTKPEITOE CBABAHHOE MHO-
sxectBo) R™ | copepxamas nagano; © € R™ — COCTOSHME CHCTCMBL
zp € X, Xo — 06IaCTE BOSMOMKHEIX HAYAJIBHEIX COCTOSHAR CHCTEMET;
y € R™, m < n — Boixoz cucremsl; v € R"ynpasneave, momerames Ha-
xoxzIeEnIo; w € R — memspectnoe sosmymerme; maTpumer f{x), g1(z),
ga{z), h(z) meficTBUTEIpHEL M HenpepriBHbl. KpoMe Toro, dynkimm f(z),
g1(x), ga(z) Bymem npemonaraTs JOCTATOMHO TJIAJKHME, YTOOLI Uepes
mrobere (0,29) € T X {1 npoxoamiIo OfHO ¥ TOXBKG 0JHO pemenue (1)
2(¢,0,z0) # GBI BBl @OKHCTEEHNEIN COOTBETCTRYIONTUH BEIXOJ CHCTEMBI
y(t) = h(t, z(t,0,z0)) .
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PaccmarprBas 3884y CUHTE3a 3aKOHA YIPaBAeHWs, KaK AHTATOHH-
CTHYHYI0 auddepennuansEyo urpy Asyx urpokos U u W oma [0; 77,
BEeEM (DYHKIMOHAI

(@) Tl )=

A j (W Q@)y(t) + uT (B R@)u(t) - w (1) Pe)w(t)} dt.

'1 —sinf 2

Marpuna Q(z) 2 0, marpumer R(z), P(z) > 0. 3agava saxnwoyaercs B
nocTpoerny A urpokoB U u W onTuMaisHEIX cTpaTeruit ¢ obpaTHoiH
CBA3BI0, PEATHIYEMBIX B TeMIe GhyHKIUOHHPOBaHES 00LEKTa.

Tecpema 1. [Tycmos dan cucmemv (1) ¢ diynxuyvonarom (2) ey-
WELCTNARYEM NOAOHCUTNEALHO OTpedeacHHas 08adicon dugdifeperuupyemasn
dymnruyus V(z): R® — R, ydosaemeopsowns ypasnenuwo Jamuibmona-
Hrobu-Bearmana. Tozda onmumarshoe ynpasaenui wit) v uft) onpe-
ENAITNCH SUPIACEHUAML

(3)
w(t) = 1(33)9 (m}x

(@) + KH@)k(a) [ (@0 (@)1(0) + W @) Q@ht)] 2},
@
u(t) =~ (r)gF (0)x
< 0¥ @1() + K@) [ @)0* (0)1@) 1 K @Q@h@] ),
232 01(4,2) = [s2(e) R (@)g] (=) — r(a) P ()T (@)] u K ()K" () =

O(x) , ecau BUNOAHANMCA COOTMHOWEHUS

: ST o T
ot (o) {202 + 2} {0 41 5 ) - 67

= {22 1 200 7 (a) + {0 1) - A} 52,
2z)  od(z) 99(@)
o {2, 2O, 12901 11, o 1) - s 50, .
3decv I, — edumuvnan MAMPUYA, ® — cumson Kpoueweposcrozo
NPOUSEEOCHUA.

Pafora srmonmena npu GuEaECOBOH moxmepskxe POUM(Ne 10-08-
00677).
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