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YK 629.78+681.51
BBK 39.67

9KOHOMMWYHOE WWPOTHO-UMMYJIbCHOE
YNPABNEHUE MATHUTHbBIM NPUBOAOM MNPU
PA3IrPY3KE CUITIOBOIoO rMPOCKOINUYECKOIO
KOMMJNEKCA CUCTEMbl OPUEHTALIUU
MWHU-CMYTHUKA 3EMJIEOB30OPA'

Comosr C.E.
(Camapckuil 2ocy0apcmeenHvlll mexHu4ecKuil yHugepcument)

Munu-cnymuuku 3emneo63zopa umerom maccy om 100 0o 500 ke u
pazmewaiomces na opoumax c evicomou noasema om 600 0o 800 xkm.
na maxux Kocmuueckux annapamos paccMampusaromcs 80NPOCH
YUPPo6020 YNPAGIEHUsL CULOBLIM SUPOCKORUYECKUM KOMNIIEKCOM U €20
9KOHOMUYHOU pa32py3KU OM HAKONIEHHO20 KUHEeMUYeCcKo20 MOMeH-
ma npu WUpOMHO-UMNYIbCHOM YRPAGIEHUU MASHUMHBIM NPUBOOOM C
8PEMEHHBIM 3ANA30bI8AHUEM.

KnroueBble  cioBa:  MHUHH-CIIyTHHK — 3€MJI€0030pa,  IIMPOTHO-
HUMITYJIbCHOE YIpaBleHUE, pa3rpys3Ka.

IIpunATHIE COKpAILECHUS:
I'/T - ruponun; KA - xocmuueckuil annapar;
KM - xunernueckuit MomeHT; MII - MarHUTHBIN IPUBOJ;
OCK - opOuTanbHas cucTeMa KOOPIHHAT;
[IM - noBopotHsiii MmaneBp; Cb - conneunas Garapes;
CI'K - cuitoBO# THPOCKOIIMYECKUI KOMIUIEKC;
CCK - cBsi3aHHas cUCTEMa KOOPAUHAT;
[IT1M - mIMpOTHO-UMITYJIbCHAST MOAYJISIIUS.

! Paboma evinonnena npu uacmuunoi (unancosoti noooepicke PODU
(epaumor 14-08-01091, 14-08-91373) u omoenenusa Snepeemuru, MEXAHUKU,
MawuHocmpoerus u npoyeccos ynpasienus PAH (npoepamma ¢ynoa-
MeHmanbHulx uccredoganuii Ne 14, npoexm 1.12)

Cepeeii Eseenvesuy Comos, HayuHwlil compyorux (s_somov@mail.ru)
Monoooesapoeiickas yn., 244 Camapa 443100
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BeedeHue

Jnst mansix uHGopMannoHHbeIX KA akTyanbHBI poOieMBl Ipo-
CTPaHCTBEHHOTO HaBelEeHHs W YINpaBleHHs opueHTanued. MuHH-
CIIyTHUKH 3eMJIe0030pa MPUMEHSIOTCS IS ONITHKO-3JIEKTPOHHOTO Ha-
OroieHus pu opOMTANBHOHN BEIcOoTe ToneTa oT 600 mo 800 kM, ux
KOHCTPYKIIUSL COCPKUT KpynHoradaputHele nmanenun CB mns obec-
[IeYeHUs] SHEPrHed 3IEKTPOMEXaHNUECKUX W MarHUTHBIX IPHBOJIOB.
Uccnenyemas cucrema yrpasneHuss KA nMeeT acTpoHHEPIHAIBHYIO
CHCTEMY [UIS OTIPENEJICHUS] YIIOBOTO IIOJIOKEHHMS W HCIIONHHUTEIb-
veie opranbl B Buae CI'K Ha ocHOBe Tpex rupoiauHoB [4, m1.4] ¢
UUQPOBEIM YIIPaBIEHHEM H MarHUTHOTO TpuBoxa [1, 3] ¢ mmpoTHO-
uMITyascHOM Moxyismuerd (LLIMM) ynpasnenus [2, 7, 6].

B cratbe paccMaTpuBaroTcst mpoOieMbl MHOTOKpaTHOW [2] auc-
KpeTHON (QUIbTpanMd M SKOHOMHYHOTO YIPAaBJICHUS OpHEHTAIHeH
MUHH-CITyTHUKOB, B TOM 4ducie mnpu pasrpyske CI'K ¢ momomrsro MII,
KOT/Ia IMEIOTCSI BpEMEHHBIE 3ala3/ibIBaHus. B mepBom paszmerne Kkparko
MIPEJCTABISETCS METOAMKA MOJCIMPOBAHKS M CHHTE3a IH(PPOBOTO H
IIIPOTHO-UMITYJIECHOTO YTIPAaBIIEHHUS B HENIPEPHIBHO-TUCKPETHBIX CH-
CTeMax C 3ara3/pIBaHueM, KOTopas IPUMEHSIeTCS IS PEeIleHHs 3a/1a4d
ynpasnenus opuernrtanueit KA ¢ momompto CI'K u ero pasrpysku.

1. MHOo20KpamHbIle cucmemsbl ¢ 3ana3obieaHUeM

BBoguTcs NWHEWHBIN CTAallMOHAPHBIA OOBEKT C KyCOYHO-
MOCTOSIHHBIM yIPaBJICHHEM
0 x(t) = Ax(t) + But),a £t) = 0;
y(t) = Cx(t — Toy); x(to) = xo,
e t € Ty = [to, +00),to = 0, Bextop x(t) € R" omuceiBaer cocto-
sIHAE 00BEKTa, BeKTOp-(QyHKIMs ynpasinenus uy(t) = {u;r(t)} € R”
¢ ompenenenueM Uy (ty) = uy = Vi1 U Ug(tp + Thu) = Upq =
vi = {vjr} te = k Ty, k € Ng = [0,1,2,...), Beluncsiercs ¢ Iie-
puozoM ynpasieHus: 1, B JTUCKPETHbIC MOMEHTBI BpeMEHH tj + 1.
[Ipu IIIMIM ynpapneHUs 1 HAJIUYUUN BPEMEHHOTO 3aMa3AbIBaHus 1,
rae 0 < T, < Ty, ynpaBienue GpopMupyeTcs Kak
2) ujk(t) = U}n PWM(t — Tzu,tk,Tm,ij),
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Puc. 1. @opmuposanue ynpasnenus ¢ 3 suoamu 3anaz0bléansl

rae UT" = const > 0 1 QyHKUMS IMPOTHO-MMITYIBHOH MOZYIISILAK
(pulse-width modulation) PWM(-) omuceiBaeTcsi COOTHOMICHUAMU
Sign vt € [ty ty + k),

PWM(-) =
©) t € [te + T, thyr);

0 |ij| < T,

Sat(Tu, [Vjk])  [Vik| > Tm.

3neck U nmanee BeKTop vi € R” mpeacraBiser TEKyIIyr AUCKpET-
HYI0 KOMaHZIy — BBIXOJl JTUCKPETHOI'O aJIropuTMa ympasieHus, ¢op-
MHUpYEMBIil B JUCKpETHbIE MOMEHTHI BpeMmeHH tr. [lpum nmdposom
yIIPaBIICHHN BEKTOP Uy (t) urkcupyemcs Ha NOTyHHTEpBaIe BPEMEHN
t € [tg+Tou, tyr1+T%y), 9TO ipH OnpeaeneHnn GpyHKIUH-PUKcaTopa
Zh(t, Ty, vji) = vji = const Vt € Ty, = [ty, t, + T,) NpeacraBiser-
ca B Buze uy(t) = {u;x(t)}, roe

Tk =

Vik—1 t€ [tr,tr + Tou),
Vik te [tk + T, tk+1).
Wsmepenne y(t) = Cx(t —T%,) coctosuus oobekTa (1) sBnser-

Csl HETOJIHBIM M BBINOJIHAETCS B MOMEHTBI BpeMeHHU t, = sTg, s € Ny
¢ nepuogom 1y, < T, KpaTHeIM nepuony ynpasnenus 1, puc. 1. J{na

3) u]'k(t) = Zh(t_TzuaTmij) =
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T, < T, npy BBIYMCICHUU BEKTOPA Vi 4] = V(tf41) MOTYT MCIOIb-

30BaThCS U3MEPEHUsI, He Goliee TO3AHME, YeM

@) y'(tx) = y(k Ty + nueTy) = Cx((k + 1)Ty — (nzy + nze)Ty),

e ng = Tu/Tq; Tye =Ty —Toe; Nye = E[Tyc/Tq;] Nze = Ng — Nuyec;

= E[s/ng]; Toe # 1%, = n..Ty u E[-] — cumBox 1em10it 9acTH.

[TycTh Mp¥ BBIYMCICHUH BEKTOPA IUCKPETHOH KOMAHIbI YIIPaB-

JICHUSI V}j, IPUMEHSCTCS AUCKPETHBIN (GUIBTP PEKYPPEHTHOTO THIA

) st —Axs—l-Bys,x € R™;

Ys = CX5+DYSa YsYs€ R! ;8 € N,

C MEePUOJOM JUCKPETHOCTU 1 ¥ BHIXOAHBIM CHUTHAJIOM y(tk) ylfc =
yS]S ng k* Ipu ty, = E*Ty, rne k* = E[(s + n.c)/ng) 1 A, B, C,
D - MaTpUIlbl COOTBETCTBYIONICH pa3MepHOCTH. CHTHAIBI yk 3TOrO
(GuIbTpa MOCTYNAOT B AUCKPETHBIN JMHAMHYECKHN PETYIISTOD

©) Xpt+1 = AgaXy + Boavi + Qoayl, X € R?;

Vi1 = Ku(rr+1 — xCoXpt1),

¢ mepuonoM auckperusaumu 1), rae v, = CoXj, — CHrHal KOMaHIbl,
r, € R,y = {rik}; X}, — BEKTOp 3TallOHHBIX TIEPEMEHHBIX COCTOSI-
HUSl CHCTEMBI; X — AMaroHajbHas MaTpulla ¢ 3JCMEHTaMH, PABHBIMH
1 mu6o 0 mpu 3aMbIKAHUK JTHOO Pa3MBIKAHHM CHCTEMBI MO OT/CITb-
HbIM KaHanaMm, a Agq, Bod, Qod, Co 1 K, — MOCTOsIHHBIE MaTpHUIIbI
COOTBETCTBYIOIIEH pasMepHOCTH. JlMcKpeTHas Moaens oobekTa (1) ¢
uudpoBsIM yrpaBienueM (3) u yuemom 3anazovléanusi Ipu ero Gop-
MHUPOBaHHH MMEET IPEACTABICHUE

(N Xpg1 = Agxp + APByug, + Bl v ugpq1 = vy,

ne Ty =Ty —Tou; €u= Tzu/Tu; Uy = Tuu/Tu =1—cy;

Ag=exp(T,A)=A7AY; A =exp(TL,A); Al =exp(Ty,A);
B = [ exp(rA)dr B; By = 7" exp(r A) dr B.
HenpepeiBHo-auckpetsbiii 06bexT (1) ¢ IHUM ympasnenns (2)

SIBISIETCS. HEMTMHEHHBIM, BO3MOXKHO JIMILIB €ro NPUOIMKEHHOE Tpel-

CTaBJICHHME B BUJE JIMHEHHON auckperHod Moxenu. Ilpu 7, = 0 u

Tzu = 0 MoJIy4dacTcs HEJIMHENHOE Pa3HOCTHOC YpaBHCHHUC BUOA
Xp+1 = Aaxy + > Q(7jx) by Uj sign vy,

rie 7, = sat(Ty|vjx|) 1 Q(7) = exp((Ty — 7)A) f[T exp(tA)dt.
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C y4yeToM CBOIMCTB MaTpUYHOM SKCIIOHEHTHI U MHTErpajia OT Hee UMe-
em npencrasienne Q(7) = Aq(I — (A7)/2! + (AT)?/3! — -+ )T,
IIpennonaras BeimonHenue ycnouit 7, < Tyy; Ty < 27| A, Tae A
— cobOcTBeHHbIe 3HaueHHss MaTpunbl A B (1), BeIgenseTcs TUHEHHAsS
yacTh MaTpull Q(7j;) MO OTHONIGHHIO K Tj; = |V;| M BBINONTHAETCS
nuHeapusanys MM ynpasneHus, T.e. molydaercs JUHEHHAs quc-
KpeTHas MOZEIb IBUKEHUSI 00BeKTa B BUAC Xit1 = Agxy + Bavi,
rie Marpuna By = Aq B diag {U7'}.

Jluneapu3oBaHHas IUCKpeTHas Momenb oobekra (1) ¢ MM
ynpasnenus (2) npu 7, = 0 u yuemom 3anazovieanusa TaKxKe UMe-
et npezcrasienue (7), Ho ¢ marpunamu By = &, Aq B diag{U}'}
uBY" = v, Ag B diag{U7"}.

ITpu BexTope KOMaHBI 'y, = 0 ompeneneHNe yCTOWYUBOCTH pe-
wennst x(t)=0 Vt € Ty u xs=0, x;=0 Vs, k € N HenpepsiBHO-
JUCKPETHON CUCTEMBI YIIPABIICHUS IOHUMAETCS KaK MPsMasi KOMIIO3H-
LUl [OHSATUN yCTOMYMBOCTH €€ HEIPEPBHIBHON U TUCKPETHON 4acTei.

s uccnenoBaHusl yCTOWYMBOCTU M IOJNYYEHHMS I'apaHTHPO-
BaHHBIX OIICHOK KauecTBa JUHeaApU308aHHOU MOJEIN 3aMKHYTOU
HEeNpPEephIBHO-AUCKPETHON CHCTEMBI MHOTOKPAaTHOTO THIA, B 0OOIIeM
ClIy4ae ¢ 3anasJblBaHMEM TPEX THIOB (IIpU u3MepeHuu 1., IpH Bbl-
qucIeHnn KoMaHapl 1. W mpu (opmupoBaHuu ympasieHus 1),
UCTIONB3YIOTCSI METOIBI MPOCTPAHCTBA COCTOSHUN JINHEWHBIX CHCTEM
yrpaBieHus [2, 9], a TakKe CIEKTpalbHbIE U YaCTOTHBIE METO/BI JIH-
HEHHOW TEOpHH JUCKPETHBIX CHCTEM B BEKTOPHO-MaTpPHYHOM IIpen-
CTaBJIEHNH. 37€Ch OCHOBHAS 3a/laya COCTOWUT B MOCTPOECHUHU IKBUBA-
JICHTHOHM JUCKPETHON MOJEIIH C IVIaBHBIM IepruoaoM 1, Kak HanboJib-
IeMy W3 UMEIOLINXCS IEpHOA0B KBAHTOBAHUS.

Pemienue Takoi 3amayu mpeNCTaBlIeHO B [5], Ilie B SIBHOM BH-
Jie TIONy4YaloTCsl AUCKPETHBIE MOJAETH KakK 3aMKHYTOH, Tak M pa3o-
MKHYTOH CHCTEMBI IO JII000T0 U3 KOMIIOHEHTOB BBIXOAHOTO BEKTOpa
OTHOCHTENBHO JIF000r0 KOMIIOHEHTa BXOHOTO BeKTopa r'. IIpumene-
HHUE 3TUX COOTHOIIEHWH IO3BOJIAET BBINOJHUTH CUHTE3 AUCKPETHOTO
¢unerpa (5) 1 AMHAMUYECKOTO peryinsaTopa (6) A TUCKPETHOTO 00b-
ekta (7) ¢ mudpoBEIM MO0 IIMPOTHO-UMITYIBCHBIM YIIPABIECHHEM C
YUETOM BCEX YKa3aHHBIX BHIIOB BPEMEHHOTO 3ala3bIBaHUsL.
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Puc. 2. Munu-cnymnux 3emneob3zopa Sirius-1

2. Modenb y2n0e8020 O8UXXeHUs1 cymHUKa

CraHmapTHBEIM 00pa30M BBOASTCS WHEPIHMANLHAS, OpOUTaIbHAS
(OCK) u cBsazannas ¢ kxoprmycom KA (CCK) cucteMbl KOOpAWHAT.
Opuenrammss CCK Oxyz (puc. 2) B MHEPUUATBHON cCHUCTEME KOOp-
nuHat onpexensiercs karepHuuoHoM A = (Ao, A), A = {1, A2, A3},
a orHocurenbHo OCK — kBareprHnoHom A° W BEKTOPOM-CTOIOIIOM
¢ = {b1, 2, P3}, KOTOPBIA COCTABIEH U3 YIJIOB PHICKAHUSA ¢ = 1),
KpeHa ¢o = ¢ W TaHraxa ¢3 = 0. Opbuta KA cumraercs nzBecrt-
HOIA, BeKTOp Bo3Mymarommx MomenToB MY mpencrasnsercss anamm-
THYECKOH 3aBHCHMOCTBIO TOJBKO OT KBaTepHHOHa A° opHeHTaluu
ciuytauka B OCK. Ilycte w(t) mpencraBisier BEKTOp abCOMIOTHOM
yrioBoii ckopoctu koprnyca KA, vo = {0, 0,0,} — Bekrop ymio-
BOi1 ckopoctu opburanpHoro asmkenus KA B OCK, rme v, (t) — uc-
TUHHAs aHoMmanus. Jlanee MpPUMEHSIOTCS CTaHIapTHBIE 0003HAUYCHUS
(-, ), {-} = col(+), [-] = line(-) nns BextOpoB, [ax], [-| = diag(:),
(+)" anst matpun u (o), (7-) anst kBatepunonos. Iycts AP(t) u wP(t)
MPEJICTABISAIOT KBATEPHUOH U BEKTOP YIJIOBOM CKOpocTH Kopmyca KA
TIpH ero mporpaMMHOM JABibkeHHH. KBatepuuon E paccoriacoBanus
dopmupyercs B Bune E = (eg, ) = A”(t) o A, Bektop napamerpos
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Puc. 3. Cxema Star CI'K na ocnose mpéx eupoouros

Diinepa £ = {ep, e} u marpuua norpemHoctn opuentaunn C, =
Is — 2[ex]Qe, rae Qe = Izep + [ex]. Bextop dw = w — C.wP(t)
OTIpEEIISICT MOTPEITHOCTh YIIoBo# ckopocTt B CCK.

[Ipu nonyyenuu mopeneit apwxkeHus: ynpyroro KA [8] ucmons-
3yerca meton Pemes-Putma-lanepkuaa B opme MeToma KOHEUHBIX
3NIEMEHTOB. 311ech pacdeT (GOpM KoIeOaHUH BHIOIHSIETCS C PeayKLH-
eit mo ToHam Kosebannii, Ha OBM BBUHCIAIOTCS MaTpUIBI K0P HH-
LUECHTOB B3aMMOBJIHMSIHUS IBI)KCHUH KaK TBEPABIX, TaK U AeHOpMHUPY-
eMBIX TeJl, KOTOPBIE B COBOKYITHOCTH COCTABIISAIOT KOHCTpYyKIuio KA.
IIpunsiTas Moznenb yIiaoBOro IBM)KEHHUS MUHU-CITyTHHKA 3eMII€0030pa
¢ ynpyrumu nanensmu Cb u CI'K na ocHoBe Tpex rupomunos (I'21)
o cxeme Star (puc. 3) IpH CTaHTAPTHRIX 0003HAYCHISIX UMEET BH]T

(®) A = Aow/2; Aw,§, B} = {F,F,F"},
FY=—ApB—wxG+M4+Md;
Fi={—af(% Q%4 + (2)’¢)};

F/ = Ajjw + Mj + M% + MY,
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e

J D; D, G=G°+Dg+D,y3;
Ao=| Dy AT 0 |. G°=Jw + H(B);
D, 0 A | Au(B)=0H(B)/08:
w={wi}; a={g;}; B={8i}; H(B)=> Hi(5);
—81 —aCs + aC3 01 1
H=H aCy— S —aC3 | ; Dyg=Jga | 1 0 1 |;
—aC1 4+ aCy — S3 1 10
—C7  aSy —aSs S; = sin G;;
Au(B)=H | —aS; —Cs aSs | ; C; = cos S;;
a51 —CLSQ —03 a = 1/\/5;
Aq:(agj; A9=J,I3; MY ={mj}; M?:{m?i};
| < RO .
my, = Og S |B%| A m?i:Sat(mg,%);
b (Bi — BgSignp;) |Bil > By; B3

MY ={m(t)}; m](t)=2h(t, T,,Sat(m}', Quntr(mg,ms,)),

31ech BEKTOp MexaHHueckoro Momenra MIT M™ cpopMpreTca
no coornomennto M™(t) = {m*(t)} = —L(t) x B(t), rae B(t)
HPECTABISET BEKTOP MHIYKIMH MAarHUTHOTO TOJIs 3€MJIM M BEKTOP
anexrpomarautHoro Mmomenra MIT L(t) = {l;(¢) } npu neproxe LINIM
ynpasienus 1" > T, umeer kommoHeHTs! [;(t) € (—1™,0,1™) Vt €
[tns tnt1], tnpr =t +T0% ty =0T, n € Ny. Bexrop ynpasistoriero
momenTta MY, nepenaBaembrii CI'K Ha xopmyc KA B mporecce ero
JBYOKCHIS, BRIGHCIsIETCS 110 hopmyne MY = —Ay(8) B.

3. dunbmpayusi usmepeHul u yugpoeoe ynpaessieHue

[TpuMeHsieMBIil TUCKPETHBI PEKYPPEeHTHBIH (QUIBTP H3Mepe-
HUi ¢ nepuonom 1, MMeeT NUCKPETHYIO MEepelaTouHylo (yHKIIHIO
We(zg) = (14 bg)/(l + b2 . 1) ¢ yenosuem nopmuposanus We(1) =
1, tne z, = exp(sTy), b = —exp(~T,/T;) n Ty — mocTosHHas
BpeMeHr (GuiubTpa. OUIBTpaNus JAUCKPETHOTO PACCOMNACOBAHUS MO
YacTH KOOPIMHAT BEKTOpa mapamerpos Diiepa £; = {eps, €5} BbI-
TONHAETCA ¢ TIepUojIoM KBanToBanus T;; coriacHo (5) B Buje

Xgp1] = Axs + Bes,e = st + Des, s € Ny
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Puc. 4. Ilepexoonvie npoyeccol npu yugposom ynpaenenuu 1 /]

C BBIXOIHBIM CHUTHAJIOM ez, /e JUaroHalbHbIE MATPHUIIBI AB,C,D
MMEIOT DIIEMEHTHI @; = —bl; b; = bﬁ; ¢ =—(1+ bi); d; = (1+ bﬁ)
CoOcTBeHHbBIE TUHAMHUYECKAE CBOWCTBA MHUHHU-CITyTHHKA 3€MJIC-
0030pa CYIIeCTBEHHO 3aBUCAT OT MEXaHUYECKHX XapaKTEPUCTHK €ro
koHCcTpykiuu. Paccmorpum KA nmannoro knacca ¢ maccoit 400 xr u
TaKUMH 3HAYCHHSIMHU IApPaMETPOB B CTAHIAPTHOU Pa3MEPHOCTH:

50 -5 0 al = (25.67; 28.94; 22.54);
J=| -5 130 0 ; Qg =(0.8; 2.2; 3.6);
0 0 100 §7=0.005; J, = 0.05; H = 2.

IIpu Takux mapameTpax TUPOCHIIOBAs CHCTEMa NMEET COOCTBEH-
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Puc. 5. Cxema 3emneobsopa ¢ 08yMs Mapuipymam cemKi

Hble 4YacTOThl HyTauuu () Mo KaHanaM B BHje Habopa 3HauYeHHI
() = (1.42;0.88;1) pan/c , mosToMy 1pu BEIOOpE KO3(hOHIMECH-
T0B nemnduposanns B Buge b) = 26QP.J, co 3HaYeHHMEM HOPMHUPO-
BanHoro mapamerpa £ = 0.8 CI'K obmagaer cyriecTBEeHHBIMHU JIEMII-
(GUpYIONIMMHU CBOWCTBaMH, OOYCIIOBICHHBIMH CHJIOBBIM THPOCKOITHU-
YECKUM CBSI3bIBAHHEM IBIKCHUI TMPOOMHOB M YHPYTHX KOJIeOaHUH
koHCTpyKIun KA.

B xoHType mmdpoBoro ympasieHus opueHtranueii KA BexTop
paccornacoBanusi € = 0¢ = {0¢;} = {—2epe}, ero muckper-
HO HM3MEPEHHBIE U OT(QUIBTPOBAHHBIC 3HAYCHUS ei HCTIOJIB3YIOTCS B
HeuHeliHOM BEKTOPHOM 3akoHe Ludposoro ynpasienns CI'K m] =
m (el, B, wh) = {mJ,}, npencrasnentoro ¢ BekTopHOH "padouei”
MepeMEHHON g B TUCKPETHON PEKYPPEHTHOH (opme

) 81 =8k + &y mi = —Al(By)(wh + KI(e), + aggy)).
3neck Matpuia ko3hpunuentop K9 = [kf | u cranspHBIN mapameTp
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ag =T, /11, tae 11 sBIsIeTCs IOCTOSIHHOW BpeMenu u3oxpoma. [lapa-
METpPBI JAHHOTO MU(POBOTO 3aKOHA YIPABICHUS OBLTH CHHTE3HPOBA-
HBI TI0 METOJIMKE pa3jenia | ¢ y4eToM 3ara3pIBaHusl [PH U3MEPEHUH
T.,=0.25c.

0.1 T T T T T

3¢, rpaz.

0.01

d®, rpag./c
fas]

-0.01

2 A e —

10
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Puc. 6. Ilocpewnocmu yenogoti cmaburuzayuu u yenvl cupoouHos

Jlns 3HaUYeHMH kf =0.125, T}, = 2 ¢ u I1 = 22 ¢ ObUK paccuu-
TaHbI IEPEXOJHBIE MPOLIECCH B THPOCHIIOBOM CUCTEME CTaOMIM3aLUH
CITyTHHKA, 3aMKHYTOW HeNWHEeHHBIM 3akoHOM yrpasieHus CI'K (9),
pe3yNbTaThl IpeICTaBiIeHbl Ha puc. 4. [Ipu 3TOM HayabHBIC YCIOBUS
npu ¢t = 0 Obutn 3amaHbl B BUIE ¢;(0) = 1 rpaa. mo ymiam opHeH-
tauu KA ¥ HylneBbIX 3HaU€HU 10 BCEM OCTAIBHBIM MEPEMEHHBIM,
HCIOJIb30BaHbl mapameTpsl I/] B;’ = 51079 pam/c, mg = 1073 Hm
W yYTEH IUCKPETHBIA IIYM C HOPMAJIBHBIM 3aKOHOM paclpeieleHHs
IIpU U3MEPEHHH OpPUEHTAIlMH CIYTHHKA B Ka)XKJIOM KaHajle CO Cpel-
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HEKBaJpaTU4YHBIM OTKJIOHeHHeM o = 10 yri. cek. Herpyano yGe-
IUTHCA, YTO TIEPEXOTHBIE MPOIECCH M0 yIilaM OPHEHTAllMH U YIIIO-
BBIM CKOPOCTSIM KOpITyca CITyTHHKa UMEIOT IpUEeMJIEMbIC [TOKa3aTeIH
neMIipupoBaHus yIpPyrux Koiebannit KoHCTpyKuuu KA u Bpems pe-
ryaupoBaHus coctaBisieT == 30 ¢, cM. puc. 4.

Henuneitasrit nngposoii 3axon ynpasnenus CI'K (9) 611 nccie-
JOBaH IPUMEHUTEIBHO K MUHH-CITyTHUKY 3eMJIe0030pa Ha COJIHEYHO-
CHHXPOHHOHM opbute c BbIcoToi monera 600 kM. Ha puc. 5 mpen-
CTaBJIEHA CXeMa 3eMJIe0030pa ¢ AByMs MapLIpyTaMH TPaccoBOil Cka-
HUPYIOLIEH ONTHUKO-3JIEKTPOHHOW CBEMKH, IJI€ YKa3aHbl IIyHKTUPHAs
JIUHUS TPacChl CIyTHUKA, EpBBIA MapmipyT M; B HampaBieHUH Ha-
JMpa, CJIe/ JMHUHM BU3UPOBAaHUS OOPTOBOTO TENECKONA MPH BBHIIOIHE-
HUHU noBopoTHoro maHeBpa (IIM) ciytHrka u BTOpoil MapmpyT Mo
C OTKJIOHEHHEM JIMHUU BU3UPOBAaHUsI TEJIECKOIA OT HAAUPA IO KPEHY
Ha yrox 30 rpan.

[Tporpamma yrimoBoro HaBeAEHUs CIyTHHKA OblIa CHHTE3HPOBa-
Ha C yYeTOM OTPaHHWYEHHUS Ha MOAYJIb BEKTOpa YIJIOBOM CKOPOCTH
xopryca KA B Buze |w(t)| < 0.35 rpag/c. IIpuHATBIC UTHTENBHOCTH
BPEMEHHBIX HHTEPBAJIOB TaKoBbI: MapiipyT M npu ¢ € [0, 20) ¢, [IM
npu ¢ € [20,180) ¢ u mapupyt Mo npu ¢ € [180, 240] c.

Pe3ynbTaThl KOMITBIOTEPHOW MMHUTALMU YITIOBOTO ABMXeHUsS KA
TIpU peau3alii yKa3aHHOM MpOrpaMMbl HABEACHUS MPEICTaBICHBI
Ha puc. 6 B BHJE MOTPEIIHOCTeN CTa0WIN3aluK 110 yIilaM OpHUEeHTa-
LMY W YTJIIOBBIM CKOPOCTSIM, a TaK)Ke 3HAUYCHHH YIJIOB IMTOBOPOTA BCEX
tpéx I'I.

4. lWlupomHo-umnynbcHoe ynpaeseHue MI1

Hna pasrpysku CI'K ot nHakoruieHHoro KM mpumensiercs mar-
HUTHBIA npuBoz. bynem caurars, uto Vi € [ty, tyy1] Tpu t, = nT)"
U3BECTHBI 3HaueHHe B(t) BeKTOpa MHAYKIHHA MaTHUTHOTO MOJIS 3eM-
JM YU 3HAa4€HHE IOTPEOHOI0 YMEHBIICHUS BEKTOPA HAKOIJIEHHOIO
KM CI'K HY Ha ykazaHHOM BpEeMEHHOM HHTepBaie. Torma ompe-
JleNsieTcsl 3HaYeHne TOTpeOHOro umnyivbca NMh MOMEHTa pasrpys-
ku CI'K kak M, = —H, eruucistorcs optel b, = B, /||B.|,
m,, = H?/|H?|| u mepa ux 6musoct k = (b, my,).
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Puc. 7. Unmepsanvt a¢ppexmusnoti macnumnou pazepysxu CI'K

[TotpebnBIit MMIyTbe MoMeHTa MII BEMmcseTcs mo Gopmy-
ne MI™ = b, x (M}, x b,). AHanusupys 3aBHCUMOCTL BEKTOpa
M}, = —H? ¢ oprom —m,,, HETPYAHO COOOPA3UTh, 4TO MpH |K| = 1
noinydaercas M5™ = 0, T.e. B Takoii curyauuu MII He criocoben co-
3/1aBaTh MEXaHWYECKU! MOMEHT B TpeOyeMoM HampapieHuH. [1osTo-
My MpUHATA Takas Joruka: eciu |k| < cos(m/3) = 1/2, To pecypest
MII cuuratorcst goctarodnbMu A pasrpysku CI'K.

Bekrop ummynsca L, = {I! } norpe6HOro sinekrpoMarHuTHoO-
ro momenta MII onpenensiercss B Buge L, = b, x ML"/||B,|,
DU ITOM BBIYHCISIIOTCS 3HAYCHUS Si; = Signll | 7 = b /1™ n
manee ecnu max(7y,) = 7 > 10", 1O cpopanyIOTcsI 3HAYEHHS
Tin = 13" Tin/T}n, KOTOPbIC BMECTE CO 3HAYCHUSIMHU Sj;, UCIIONIb3YIOT-
csa npu UIMM ynpaBnenuss MarHUTHBIM npuBogoM. [Ipu sTom obec-
neynBaeTcst 3koHoMuuHOCTh MII B oTHOmIEHHN NOTpediIsieMol SHEp-
THH, B CpefiHeM =~ 35 % B CpaBHEHHHU CO CTaHJAPTHBIMH peJeiHO-
JIOTUYeCKUMHU 3akoHaMmu ynpasienus MII [1, 3].

[yt MUHH-CITyTHHKA 3eMie0030pa, COBEPILAIOIIETO IBIKCHUE
[0 YKa3aHHOW COJIHEYHO-CHMHXPOHHOH opOuTe, Ha puc. 7 OTMEYEHBI
BpeMeHHbIe HMHTepBaibl dddexTuBHoi pasrpy3ku CI'K ¢ momomipio
MII, rae BemmonHsiercst yenoBue |k| < 1/2. B kadectBe mpumepa,
mycts B CCK 3anan Bexrop HakoruieHHoro KM CI'K B Buze BekTopa-
cronbma H* = {1,1,1} H-m-c u xoprmyc KA crabummsupyercs B
OCK. Ilpu 3nauennu 1™ = 10 A -M? u nepuone 1M ynpasienus
MII T;™ = 16 ¢ Ha puc. 8 npeacTaBiIeHb KOMIIOHEHTHI [;(t) BekTopa
anekTpoMarauTHoro Momenra L(t) MIT , a Ha puc. 9 — KOMITIOHEHTBI
mj"(t) BexkTopa ero mexanmdeckoro momenra M™(t) B CCK. Or-
METHM, YTO TaKasi MarHUTHAas Pa3rpy3Ka BBIIOJIHAECTCS HA HHTEpBaJe
Bpemenu ¢ € [976; 1040] ¢ npu 3nadenmsx || < 1/2, cm. puc. 7.
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Puc. 8. Komnonenmul 6ekmopa snekmpomacHumno2o momenma MI1
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Puc. 9. Komnonenmot sexmopa mexanuieckozo momenma MII1

3aknrovyeHue

Kparko paccMoTpeHsl IpruéMbl MOEIHPOBAHUS U CHHTE3a MH(D-
POBOI0 M LIMPOTHO-UMITYJIBCHOTO YIIPABIEHHA B JMHEWHBIX CTallU-
OHapHBIX CHCTEMax NpPH HAJIWMYUM BPEMEHHBIX 3ala3JbIBaHUA pas-
TUYHBIX THIOB. [IpeacTaBneHsl pe3yasTaThl 10 HUPPOBOMY THPOCHU-
JIOBOMY YIPAaBJICHHIO OpPHEHTAIel MHHH-CITyTHHKa 3eMieo030pa U
10 9KOHOMUYHOMY IIUPOTHO-UMITYJIbCHOMY YIIPaBJIEHUIO0 MATHUTHBIM
MIPUBOIOM MPHU Pa3rpy3Ke CHIIOBOTO TMPOCKOMUYECKOTO KOMILIEKCa.
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YucneHHble pe3yibTaTsl ObUTH MOTYYEHBI B MPOrPaMMHON CHCTEME
SIRIUS-S [10], xotopas 6bl1a peaian3oBaHa IPH yIacTUH aBTOpa. AB-
Top Onaromaper C.A. ByTblpuHy 3a INIOZOTBOPHOE 0OCYXIICHHE CTa-
THU ¥ PEKOMEHIANNH IO TPEICTABICHUIO €€ Pe3yNIbTaToB.
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ECONOMICAL PULSE-WIDTH CONTROL OF
MAGNETIC DRIVER AT UNLOADING OF GYRO
MOMENT CLUSTER FOR LAND-SURVEY
MINI-SATELLITE ORIENTATION SYSTEM

Sergey Somov, Samara State Technical University, Samara,
researcher (s_somov(@mail.ru).

Abstract: Land-survey mini-satellites have mass from 100 up to 500
kg and are placed on orbits with altitude from 600 up to 800 km.
For such spacecraft we consider problems on digital control of a
gyro moment cluster and its economical unloading from accumulated
angular momentum by pulse-width control of magnetic driver with a
time delay.

Keywords: land-survey mini-satellite, pulse-width control, unloading.

XI BCEPOCCUMCKAS LIKOJIA-KOH®EPEHIIUS MOJIOJIbIX YUEHBIX
“YIIPABJIEHME BOJIbIIUMU CUCTEMAMMW”



