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B,JIH HAXO0XIACHHUS YCTAHOBUBIOUXCH ommboK OpUCH-
TAL MKW BOCIOJIb3YCMCA T€‘,Op€MOI\;I O OpEACIbHOM 3HAUYC-
HMU OPUTMHAJIa

0
lim x(f)=lim SQ"'v=| 0 |, 19
e 50 i/ ey

rae x(f) — opurnsHan sekropa X(S).

C yuerom Beipaxenus (12) ycraHoBHBIAsSCH ommb-
Ka OpPUEHTALMU 1O Kypcy Ans cayuas | onpepensiercs
BBIPAXXEHUEM

1.4140 — o{"

Ap. =
P, 1 - 652) _ 621) + 1.414(622) _ 6(21)) 5

a B caydasix 2—4 — BbIpaXX€HHEM

Ap. =067, 20)

Wcnoaesys seipaxenue (13), moayyum yCTaHOBHB-
WEE 3HAUCHUC YIVIOBOM OMIMOKH OPHUEHTALMH N0 KYpCy
aag cayuasa 5.

0.8750%-0.12565"+0.1776¢"

Ap_ = —
P 120.177077-0.12567—0.12300+0.17767

CornacHo Beipaxennio (19) wanmume ommbok momno-
xeuus UYC wma [IM B paccMaTpuBaeMOM cayuae
TNPUBOIUT JIUIIb K TIOSIBJICHWK) YCTAHOBUBIICHCS Ommb-
KH To Kypcy. [dnga cnyvyaeB 2—4 Ha OCHOBAHWH
seipaxenud (20) sra omubka we npessicut =10, ecm
npunsTh, uro 0 < +10", 0¥ = +10".

Takum obpasom, mna cayuas, xorga IM paccmarpu-
BAIOTCS KAK WCTOYHHMKH TOJBKO YIIPABISIOLIETO MO-

© A. B. Fnanyﬂl,

I o u . .
°HOHCLLbKMId ACPXKABHUM THCTUTYT MITYYHOIO IHTEJICKTY

MEHTA, MPUBEACHBI COOTHOWICHMSI, MO3BOJISIOUIME OLE-
HHATH BJMSIHUE MX nepekocoB Ha xapakrepucruku CYOC.
Ecmm [IM Takke ucnosib3yrTCs KAK MCTOUHHMKH YIJI0-
BOM ckopoctH KA, TO mOrpemHOCTH YCTAaHOBKH I10J10-
KCHUST MPUBOOSIT K TMOABICHUIO yCTaHOBHBmCﬁCH yr-
JOBOM OWHOKH OpHEHTAUMH no Kypcy. Has pacemor-
PEHHOU W30BITOYHOU CXeMbl ycTaHOBKM [IM, yunThiBas
pasznuuHble koMOuHaumi paborawowux [AM, npusene-
Hbl AHAJINTHYCCKHUE BBIPDAXCHUS 19 ONPCAC/ICHMS YC-
TAHOBUBILIEHCS OmUOKKM opueHTanuy KA.
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INFLUENCE ESTIMATION OF REACTION WHEEL
POSITION ERRORS OF SPACECRAFT ATTITUDE
CONTROL SYSTEM ON ITS ATTITUDE CONTROL
ACCURACY

E. V. Khoroshilov, S. V. Khoroshilov

Different reaction wheel installation schemes of the spacecraft
attitude control system are considered. The influence of the reaction
wheel position errors on the spacecraft attitude control accuracy is
investigated. The relations which allow one to evaluate the influence
of these errors on the accuracy characteristic of the attitude control
system are derived. Our results of numerical evaluations for possible
operational cases of the reaction wheel installation schemes under
consideration are presented.

VIK 531.38

A. M. Konane32

“TacturyT npukiaajgHoi Maremaruku ta mexadiku HAH Vkpainu

YACTUYHASA CTABUJIU3ALIUI CTALLMOHAPHBIX IBUXEHUM
CIIYTHUKA C TUPOANUHAMMU

JIoCmipKyeThCs 3aaaua 4acTkoBoi cTabinizalii AMHaMiuHOI CHMCTEMH, L0 OUMCYE PYX CYIYTHHKA, SIKUMA Hece
OfMH YM B2 ripojinHu. OTPUMAHO KEPYBAHHS, SKUM BiNOBIAAIOTH CTAIIOHAPHI PO3B'A3KMU CUCTEMH, L0 €
TOJIOKEHHAMM BiJHOCHOI PIBHOBarM i PiBHOMIpHMMM O0epTAHHSMM CYIYTHHKA. BuIiNeHO BMIagKU KepoBa-
HOCTL CHUCTEMM N0 9acTHHi 3MIHHMX y JIiHIMHOMY HAOMMOKEHHI B OKOJi 3HAMEHMX CTALIOBADHUX PYXiB.
MMoGyporano kepyBaHHS crabizisauii piBHOMIpHOrO 00EPTAHHS CYMyTHHKA.

YPABHEHHW S IBHXXKEHHWUHA

PaccMoTpHM 3ajauy aKTUBHOM CTAOWIM3AUUH CITyTHH-
Ka, OCYIIECTBJASEMOW TPH MOMOIIM r'mpoAauHoB. [upo-
AMH HABYXCTEIIEHHAST TMPOCKONMYECKasl CUCTEMa,

KOCMIYHA HAYKA I TEXHOJIOTIA. TOJMATOK.—2005.—11, Ne 1

cOCTOAMmAS W3 poTopa ¥ rupokamepsl. Potop 3akpen-
JIEH BHYTPH THPOKAMEpH W BPAIIAETCs C MOCTOSHHOH
YIVIOBOH CKOPOCTbIO.

Bynem ucnonb3oBaTh ypaBHEHUS ABHXEHMS TBEPHO-
ro Te€aa ¢ s TMPOAMHAMM, MOJAyuYeHHBIe B padore [4].

11
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34NMIIEM MX B MPEATIONOXEHHH, YTO POTOP SIBJISETCS
IIAPOBBIM, @ MMpoKaMepa TMHAMMYECKH CHMMCTPMYHA
OTHOCHMTEJBHO CBOEH OCH BPALUCHHS!

0o + o x0w + L Jq + (K,dcosq — Nygsing)h +
+wX[LJq + (Kgsing + Nycosq)h] =0, (D

I(§ + Li@) — (Kjwcosq — Nywsing)h=Q,. (2)

3aech @ — MaTpuua TCH30pa MHEPUMH CHMCTEMBI HOCH-
TENb-TUPONMHBL, @ = (W, W,, ;) — BEKTOP YIJIOBOH
cxopocth Hocutens, q = (g, ..., ¢) — BEKTOp YIJOB
[I0BOPOTA THPOKAMEP OTHOCHTEJIBHO HOCHTENS, Sing =
= diag(sing,, ..., sing,), cosq = diag(cosq;, ..., €0Sq;),
J = diag{y, ..., J), h = (, ..., B)", Ky = (Koyy ooo
Ky, Ly = oy, ooy 1oy No = (g, ..y ny), Kg)s loy 0y
— OpTHl, 3aA0UIAE TTOJIOXKCHNUE i-TO THPOIMHA B TCJIC
Hocutene, Q, — BEKTOP YNPABICHHUH, WHAEKC «T» —
CUMBOJI TPAHCTIOHUPOBAHKS.

[Ipeo6pasyem ypasHenus (1), (2), BBeas nepemes-
aote [5]

Ej=‘]j(l.t;j’m)+‘,j(.]j& F= 15 soee S5

¥ 3aMMuUIeM ypaBHEHUS B cucreMe KoopaumHat Oxyz,
KecTKo ceasaHHo# ¢ HocureneMm. Cumcrema Oxyz Bbi-
Gpana Takum o6pazoM, 4TOOBI BBIMOMHSAIOCH COOTHO-
[LIEHHE

w — 2 TG, @)y = (A, Ayw,, Azw3)7,

rae A, A,, A, — 0000IEHHBIC MOMEHTE MHEPIHM.
Cuctema ypasaenui (1), (2) NpuHUMAET BHA

A, =(4, - A)w,0; +
S (1
+ 21 (zhg j[sinané’,, — cosqf.k(']j] -
= .

2 _ g
Ly + 0 ko = bty

T WS ks

3

T:

1
q,= 7]5, g (lgjs (l)),

€= h,[(Ky;, w)cosq, — (my, @)sing; | + u,

3anuiieM ypaBHeHHs (3) A4 pasJM4HBIX C/Iy4acs.

Caywau 1. Tlyctp Ha COyTHHKE YCTAHOBJIEH OIUH
rupoauH, u optH k, = (0, 0, )", 1, = (1, 0, 0)', n, =
= (0, 1, 0)', 3amaT ero HavyajabHOE PACMOJIOXKEHHE.
Ocp BpalIEHMs TMPOKaMepsl HanpasneHa no ocu Ox.
Torga ABMXKEHME AWHAMHUUYECKOW CHCTEMBI HOCHTE/Ib-
THPOIMH ONMCHIBACTCS CHCTEMOH YPaBHEHUH

12

d)1 = [(Az - A3)a)2(1)3 - U }/A],

@, = [(4, — A)w,w; — 0§ + hfsing/J ]A,,

@, = [(A, — Apw,w, + w,§ — hicosq/J14;, (4
g= ET = Wy,

£ =h (w,co8q — w,sing) + u.

Cayyaii 2. Pacnonoxum Ha HOCHTE/IC ABA TMPOAHHA
TaK, 4To0Bl OCh BpAIIEHMS MMpPOKaMepsl nepBoro Obiia
HarpasieHa mo ocd Ox, a oCh BPAUIEHHMS T'MPOKAMEPH
sroporo — mno ocu Oy; UMeeM

@, = [(A, — Apw,w;+w,E, —

— ko c08q,/ hpbscosqy/ Iy — u 1/ Ay,
W, = [(4; — A)w,w; — wf, + & sing /T, — u, 1/ A,
Wy = [(A; — APw,w, + W&, — 0,5~

— hécosq/J, + hE,sing, /T, 1/ A,
gy =&l dy — @y, (&)
@, =&/, — 0y,
9%1 = h,(w,c08q, — w,sing,) + u,,
£, = hy(w,cosq, — w,sing;) + u,.

Cayyau 3. Tlycrb HA COyTHHKE YCTAHOBJCHO ABA
TMPOAMHA, U OCb BPALICHMS ONHOrO M3 HUX HE COBNA-
JaeT HU C OJHOM M3 KOOPIMHATHHIX oced. B kauecTtse
OPTOB MPUMEM BEKTOPH

ko, = (6/35,6/7, —17/35)",
Iy, =(2/7,3/7,6/7),
n,, = (33/35,-2/7, =6/35)’,
K, =(0,0,1), 1,=(1,0,0), n,=(QO, 1,0)".
Torna monyyaeMm ypasHEHHS ABHXEHHMI B (hopme
. 1 3
W, =7fl{(Az — A3)w,w; + 7‘“3&1 =
6 1 " 2
—7w251 + 33}_111151(335‘“‘11 — 6cosq,) mFU T U,

. 1
w,= Z; [(Aa —A)ww; — 0§,

~ 2Lt (sing, + dcosq) +
|

6
& - &
W36 T FW G,

7 7
h, . 3
+72-smq2$,2 - 7u1] ,

. 1 2 3
w; = A_s{(A‘ — Ay)w,w, + 7“’2‘51 = 7‘“151 +

KOCMIYHA HAVKA I TEXHOJIOIS. JIOJATOK. —2005. —11, Ne 1
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1 .
e, — Fjlhl‘fl(ésmq1 — 17cosgq,) —

1 6
_J_zhzgzcosﬁ T ul} ) (6)

g, =&/J, — 2w, + 3w, + 6w,)/7,
B=61,—-w,
&, =h, [(6cosg, — 33sing))w, +
+10(3cosg, + sing,)w, +
+ (6sing; — 17cosg,)w;1/35 + u,

_éz = h,(w;c08q, — w,Sing,) + u,.

CTAIIMOHAPHBIE IBUKEHUSA

Cucremnl ypaBHeHHWEl (4)—(6) mpeacTaBagior coOow
ABTOHOMHDBIE CUCTEMBI OOBIKHOBEHHHIX AuddepeHuu-
aJIbHBIX YPaABHEHHH BUIA

(N

rae X € R" — ¢a30Bbil BEKTOP CHCTEMH, U € R™ —
sekTop ynpasiaenus. O6ozHauum uepes X = ¢(7, u(?))
pewrenne cucrembl (7) mpH YOPaBASIONEM BO3NAEHCT-
Bum 0 = u(?). Pemenne x = (¢, u(?)) [3] nassiBaercs
CTAaIMOHAPHBIM JABMXKeHHeM cucTeMbl (7), ecawm
@(t, u(t)) = a, tne @ € R" — HEKOTOPbIHA MOCTOSHHBIN
BEKTOP.

[ng toro urobml y cucremsl (7) CymeECTBOBAJIM
CTALAOHAPHBIE IBMXKEHMsI, HCOOXOAMMO M AOCTATOYHO,
ytoOBl (hasoBasi ckopocth f(a,u) cucremMbl B TOUKE
(a,, ..., a,) Owina pasHa Hymo. Takum ofpasoMm, Is
HAXOXICHUS BCEX CTALMOHAPHBIX IBHXEHUM CHCTCMBI
(7) HY>HO pELIMTh CUCTEMY YPABHCHUH

f(a, .., a,), u)=0,

3anuimeM YpaBHEHMS CTALMOHAPHBIX JABMOKCHWMA AJIs
u =0 m pemMM HX AAY KAaXAO0r0 U3 IPHUBEAEHHBIX
BBIIIE CITYUYAEB.

Cayuau 1.

x = f(x, u),

i=1,..,n.

(4, — A)w,w, =0,

(4; — A)Dw,w; — w;€ + hEsing/J =0,
(A, — A)w,w, + w,§ — hkcosq/J =0,
£/ —w =0,
h(w;cosq — w,sing) =0.

W3 nepsoro ypasHenus caeayer w, = 0 wm w; = 0,
a u3 uerseproro § = Jw,. Ecm w, = 0, To

KOCMIYHA HAYKA 1 TEXHOJIOTIH. JOOATOK.—2005.—11, Ne 1

w [(A; — A, — J)w; + hsing ] =0,
hw cos(q) =0,
hwcos(g) =0,

OTKYJa MMEEM PABHOMCPHBIE BPAIIECHUS

(0, 0, wg,% + 7tn, O) , nEZ, o)=const, (8

i g_llm-l-lh i
(w])07 A3_A1 _J:ﬂm:‘,wl ’

me2Z, )

w? = const.
Ecm w; = 0, 10
hw,sin(q) =0,
w, (A, — A, + Nw, — hcosg ] =0,
w,sin(q) =0,

¥ TIO/IYUAEM CAEAYIOWHE PABHOMCPHbBIE BPAILEHHS:

(0, w5, 0,7k, 0), kE€Z, w)=const, (10)
!
R G ¢ 0
w"Al—Az—k]’O’nl’le 1
l€EZ, w]=const. (1D
Ecm xe w, = w; = 0, T0O ¥3 BTOPOTO M TPETHETO

ypasHeHH# moayuyaem hw,sin(g) = 0 u hw,cos(g) = 0,
OTKYa CJAEAYEeT MOJOXCHUE PABHOBECHS:

©,0,0,¢°,0), ¢°=const.

Cayvai 2. Umeem cucreMy ypaBHEHUH

(12)

(4, — Aw,w; + 0., — hEcosq,/T, — u =0,
(A, — A)w,w; — w,E, +h & sing /], — u, =0,
(A — Ao, + 0,5, — 0§,

- h& cosq,/J, + h§,sing,/J, =0,

EJT, —w, =0,

h,(w,cosq, — w,sing,) + u, =0,

‘Ez/]z ”'CUX=0,

h,(w,cosg, — w,sing,) + u,=0.

.
W3z uerBeproro m naroro ypasHeHw# &, = Jw,, §, =

= J,w,, TOoraa
w,[(Ay = Az + J,) w; — hycosg, | =0,
o, [(A; — A, — J)) w3 + hysing, |= 0,

(A, — A, +J, + J))w,w,— hw cosq, + h,w,sing,= 0,

13



A. B. I'nadyn*, A. M. Kosanea® ... YACTHIHASI CTABHIIH3AI[HST CTAIJHOHAPHBIX JABHIKEHHH

w,C08g, — w,sing, =0,

w,€c08g, — w,sing, = 0.

Hanee, ecnn w, = 0, TO NOMyyaeM CAEAYIOIMIAE PABHO-

MEPHBIE BPALICHWS

m+1
[w?, 0 J—th— +mm,

Yl Ay e gyt ¢
(A; — J)w!
arctg = 1)"‘“}1 LJw 00)
meZ, wlzconst,
(-D"'higdd , D"'h 7
(A.,—A B w2 M

J(=1)" At
g =0 g, O) m€EZ, g =const,

94, - A -1,
anpu w, =0 —

R Gt Vi (=D'n,
(0' e A=A+ Ty N (A4, — A3 + J)w)

7k, 0, szo) k€ Z, w)=const,
0. & hetgg]  (=1)'h,
’A — Ay = J, A, — A, +quw’m,0,
_}M 0_
A2 - A5 — J2 ? ASHA q = const.

[lpn w, = w, = 0 NosyyaeM PaBHOMCPHOE BpAIIEHHE

0,0, w3, n/2 +an,nk,0,0), n,k€E€Z, w)=const
¥ TIOJIOXEHHE PABHOBECHS

0,0,0,¢,45,0,0), gqi,q;=const

Caywan 3. Hng 5Toro ciaydasg TOJIydacM CUCTEMY
YPABHEHUN BUAA

B8

(4, - 3)“’2“3 +

7Ws 35] we=H;(33sing, — 6cosql)}<

xl:%ml + %wz + g‘%] =,
(A3 T A[ W J2)(u1(1)3"'
2 6 2
<, {.7_% = 70 = 7y h(sing, + BCObql)}

. [%w, + %wz e %w}} +hyw sing, =0,

(A; — A, + T)oyw, +

14

7 35]

+7, [sz = %w, 357 /u(6sing, — 17605%)} )
x [—3—(1)1 + %wz + 76]_“’3} ~ hyw,cosg, =0,
(6cosg, — 33sing,)w, + 10(3cosg, + sing o, +
+ (6sing, — 17cosg,)w, =0,
w3C08q, — w,sing, =0,

rne &, = J,(2w, + 3w, + 6w,)/Tu &, =7,
[Tomaras w, = w, = 0, noayyaeM Takue paBHOMEp-
Hbl¢ BPAIICHHS:

(w?, 0, 0, arctg(2/11) —an, arctg2 —zn,
2,01/, L)),
neZz, w? = const,
ecma h, = V3 [(—1)'6J,0) + 49A,/V5 1/ 14,
[Monaras w, = w, = 0, nomyunm
(0, w3, 0, —arctg3 + x k, 2wk, 3J,05/7,0),
k€ Z, o= const,
ecmm Ay = 2(—1)"7,w3/7.
[Nonaras w, = w, = 0, umeem
(0, 0, w3, arctg(17/6) — wm, /2 + 2am, 6J,w5/7, 0),
me Z, wg = const,
ecmm A, = VI3(—1)"J,w3/7.
MoxHoO eme ykasaTh TAKHE PABHOMEPHbBIC BPAIICHMS:
(—3w), 0, w$, arctg(1/3), —x/2 + an, 0, =3J,03),
nEZ, )= const,
cem by, = (—1)(4; — A, — J,)w),
(—3w3/2, w}, 0, —arctg(6/17), xm, 0, —3J,15/2),

meEZ, )= const,
ecmn b, = (—1)™(4, — 4, + J,)w),
H TIOJIOKCHUE PABHOBCCUYA

0,0,0,4,,0,00, g},¢y=const. (13

CTABMJIM3ALIVIA PABHOBECHSA

[Mon monoxeHreM paBHOBECHS OyAEeM MOHMMATh TAKOE
COCTOSTHUE CIIYTHHKA, NMPUA KOTOPOM €ro yrjaoBasi CKO-
pocTh BpameHWs paBHA HymO (W, = w, =w; = 0) n
OCTAeTCd TAKOBOM B TCUCHME BCETO NMPOMEXYTKA BPEMEHH.

Tak KaK y Kaxgoi us cucrem (4)—(6) cymecrsyer

KOCMIYHA HAVKA I TEXHOJIOTTS. JOAATOK.—2005.—11, Ne 1
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uHTErpan (MOOyJlb BEKTOpA KWHETWYECKOTO MOMEHTA
CUCTEMBI €CTh BEJMYHUHA IIOCTOSHHASA), TO YKA3aHHBIC
CUCTEMBI HE SIBJISIIOTCS YNPaBJSIEMBIMM IO BCEM Mepe-
menabiM. OgHAKO 119 cTabuau3auud paBHOBECHUS J0-
CTaTOYHO CBOMCTBA YNPABJISIEMOCTH MO @ # 10 §.

Bungso, uto cucrema (4), nuHeapu3oBaHHAS B OKpe-
CTHOCTH moJioxeHns pasHoBecus (12), m cucrema (5),
JIMHEAPU30BAHHASA B OKpecTHOCTU pasHoBecud (13), He
06,1a8a10T CBOUCTBOM yNPAaBASIEMOCTH IO MEPEMEHHBIM
w,, W, w; [1]. D70 nNpUBOOAT K HEBO3MOXHOCTH
[IOCTPOCHH yIpaBjicHUsd, CTa0MIUM3HPYIOLIETO TOMA0-
JKCHHE PABHOBECHS 110 JIMHEHHOMY NpUOJMKCHHIO A4
cucrem (4) n (5).

Ecnm ke och BpameHHss THPOKAMEpPbl OAHOTO W3
TUPOMHOB HE JIEXHUT HHU B OXHOW M3 KOOPAHHATHBIX
IJIOCKOCTEN cHcTeMBl KoopauHat Oxyz (cayuai 3), to
CHCTEMA JMHEWHOTO NPHOIHXKEHUS YIpaBiseMa Mo
NEPEMEHHBIM O, ©,, W5, &, §,. TlocTpoum crabumnsu-
pymoouiee ynpasJACHHE /ISl 2TOrQ Caydas.

Cnenaem saMeHy X, = w,, X, = 0,, X3 = W,, X, = &,
Xs =&, X = ¢ — @, X, = g, — ¢ B PACCMOTPHM
cacreMy (6), TMHCADH3O0BAHHYIO B NOJOXCHUN PABHO-
Becus (13). Ilepebie TpM W NOC/ACAHKE OBAa YPABHEHHH
CUCTCMBI IMHEHHOTO MPUOIMKEHMS] HE COOEDXKAT repe-
MCHHBIX ¢, ¢,, @ 3HAYMUT, YPABHCHUS IS §,, ¢, MOTYT
ObITh 0TOpomensl. [TosyueHHad Takum 00pa3oM cHUCTEMA
n9TH OOBKHOBEHHBIX AH((PEPCHUMANBHBIX YPABHCHIHA

1

; . 2
Ax, =—?),5—th1x4(33smq? — 6cosg)) ol = U,

: 2 . h, . 3
Ayx,=— '.]—.fl‘h]x4(81nq? + 3(205(]?) +J—fslnq3x5 - .7_u“

P 3317'/1, x,(6sing® — 17cos®) —
1 6
— J—zhz«\%COSCIz — 7 U (14)

X,=h, [(6cosq] — 33sing)x, + 10(3cosq) + sing))x, +
+(6sing) — 17cosg))x; 1/35 +u,,
X5 = hy(X,€08¢; — X,5ingy) + u,.

ONMCHIBAET MOBEAEHUE TIEPEMEHHBIX W, W,, W5, &, &,.
Bribepem caenyomme 3HaUCHHs ApaMeTPOB:

A, =230, A,=310, 4, =210, (15)
J1=3, 12'-:2, W=500, h1=JIW ,h2=J2W,
@=n/6, ¢ =n/3. (16)

ITycts X = Ax + Bu ectb cuctema (14), sanucansas
B MaTpuuyHOM Buae. [Ipm 3ajaHHBIX 3HAYEHHSX W

KOCMIYHA HAVKA I TEXHOJIOI'TS. HOAATOK.—2005.—11, Ne 1
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0.03 F,

0.02

0.01

vl

ug

D b ; g 10 13 7] 1s
50 b

Puc. 1. Monens ynpaenenus (17) mna cTauMimMsaiiuu CHUCTeMbl (6)‘
(a: w;(0) = 0.025, wy(0) = 0.033, w3(0) = 0.02, w(16) =
-6.426-10°%, wy(16) = 4.126-107°, w3(16) i 1.24-10°°% 6: £,(0) =
0.024, £,(0) = 0.027, &,(16) = =37.82-10°°, &,(16) = —48.6310°°;
a: uy(0) = 8.624, u;(16) = -3.767- 10'%), a Takxe mozens yrpase-
HUS HE OUTMMU3MPOBAHHOIO YIIpaBJIeHUs I cucremsl (6) (g:
w((0) = 0.025, w((16) = 0.01, a)ng) =0.033, w,(16) =-4.056-10",
w3(0) = 0.02, w3(16) = 2.636-10, @: ug(0) = 5.036, u((16) = 4.521,
uy(20) = 0.477)
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yenosun u, = 0 onpepeaurens marpuunl {B, AB,
A’B, A’B, A'B} pasen 0.188-10"" # 0. Cnenosarens-
HO, PAaHT 9TOH MATOPHIbI PABCH NaTH, A cuctema (14)
ynpas/isemMa Aaxe ¢ MOMOWbIO OAHOTO YHpPABJICHMS U
= u,. B oroM cnyuae, Kax M3BECTHO M3 [2], MBI MOXEM
BHIOPATH JIMHEHHOE ynpaBieHHEe u, = C'X TaK, 4To0bl
K03 PULHEHTE XapaKTEPUCTUUECKOTO YPABHEHHUS IS
cucrembl (14) TpMHMMAnIM Hanepen 3aJaHHBIC MPOH3-
BOJIbHbIC 3HAUCHUA.

[Tycte XapakTCPUCTUYECKOE YPABHEHHE HWMEET OJHH
JEUCTBUTE/IBHBIA W YETHIPC KOMIUIEKCHBIX KOpHSI o) =*
B, a, * B,i u a;, Torga Ajd ofecreueHnst aCHMIITO-
THUYECKON YCTOMUYHBOCTH MOCTATOYHO TONOXHTh O =

a, = =a, = ay; = —1. B 3roMm ciay4aec noxyuaem
ynpaesieHue
u,=160.83w, + 69.9w, + 120.32w, -
~ 4,218, — 12365 an

PesybTaThl YMCJICHHOTO MONEJHMPOBAHUS MPHUMCHE-
HUs TOCTpoeHHoro ynpasaenus (17) mas crabunwnsa-
unn cucrembl (6) ¢ HawaaeHRIM yciosuem (1740,
1/30, 1/50, n/6, n/3, 1/42, 1/37) npuseneHs Ha
puc. 1.

CTABUJIU3ALIUMYA PABHOMEPHOI'O BPAIIEHHA

PapHOMEpHBIM BpameHueM OyaeM Ha3biBaTb BPAIICHHE
COyTHUKA C MOCTOSIHHOW YTJIOBOM CKOPOCTHIO BOKPYT
KaKoii-1mbo 13 oce, T. €. W, = 0}, W, = W), W, = w5,
w!, wy, w5 = const.

Wsyuaa gna cryuas | ypaBHEHUS JIMHEHHOTO MpH-
ONEXEHNS B OKPECTHOCTH PAaBHOMEPHBIX BpPAIIEHUU,
VCTAHABAMBACM HEYMPABASEMOCTh CHCTEMBI 1O TEpe-
MEHHBIM |, ®,, ®;. Tak, A8 CTAMOHAPHOIO ABUXE-
Hus (8) B pe3y/bTaTe JMHEAPU3ALMM noayyaeM w; = 0,
CICAOBATENBHO, CHCTEMA (4) He ympasasgeTcs mo w,. B
TO XC BpEMs MO OCTABIIMMCS NEPEMEHHBIM CHCTEMA
JMHCAHOTO NPHOMMKEHUS ynpasigdeMa:

X = (4, — Apwix, — ul/A,,
k= [(Ay — A)w3x, — wyxs + A(—1)"xs/T 1/ A,
%, = Bl — Ky
xs=h(-1)""[w3(q = (/2 + 7n)) + w,] + u.

3peck

L 101 — 0
X =W, Xp=Wy, X3 =Wy Wy,

x,=q-@/2+mn), x;=6.

10 MO3BOJSIET MOCTPOUTH yTIpaBJIEHUE, CTAOIIM3UPY-
jolee paBHOMEpHOE BpauwieHue suga (8), rae cKopocThb

10

w, mocae crabuan3aunn NPHHUMACT 3HAueHue, Ou3-
KO K HAYaJAbHOMY COCTOSTHHIO CHCTCMbI, M HE MOXET
ObiTh 3afaHa 3apaHee. Tak, NpU BHIIOJHEHHH pa-
geHeTB (15) uJ =3, w= 500, A= Jw, n =2 noctpoeHo
yIpaBJIcHHE

u=46.5460w, +2997.41w, +

+99.9642(g — (57/2) - 1.976¢,

NEePEeBOAALIee HAYATbHOE COCTOSHHE CHCTEMBb w) =
1/20, 0% = 1/30, @} = 30, ¢" = 5x/2 + n/30, &°
= 1/40 B caeayomee paBHOMepHOe BpamieHue o, = 0,
w, =0, wy =29.967, ¢ = 57/2, § = 0.

AnanornuHBIM 00pa3oM MOXHO 0XapaKTEepU30OBaTh
pasHomepuoe Bpamenue (10). [Ins paBHOMEpPHbIX Bpa-
menui (9), (11) npun nMHEApU3aluM MCXOAHOM CHCTE-
Mbl (6) monyuaeM CHCTEMBI, B KOTOPHIX HE YyAaercd
OT/E/IMTh MEPEMEHHBIE (), W,, W;, Tpedyomue crabu-
JIM3aLAK, OT OCTAJBHLIX MTEPEMEHHBIX. B TO Xe Bpems,
KaK yX€ 0TMEYasoCh, 3TH CHCTEMbI HEYNPAB/SEMbI 10
BCEM TEPEMEHHBIM.

PaccmorpuM cayuai 2. [Ias HEro BO3MOXHO I0CTHYD
PABHOMEPHOIO BPAIIEHHUS BOKPYT KOOPAMHATHOM OCH
Ox ¢ 3alaHHOW YTJIOBOM CKOPOCTbIO w? IIpY HEHYJIEBOM
ynpasnenund. [lonaras

u, =0, uy=(—1)ho]nh, =h,, (18)

MO/TyYMM DABHOMEPHOC BPALUCHME BHAA
(@°,0,0,J,0,0,7/2+7n,x +an),
neZz, w‘f = const.

Jinmeapusysa cucremy (5) B OKPECTHOCTH 3TOrO CTa-
HMOHAPHOIO ABHMXKCHHS, MOJy4aeM CHUCTEMY, B KOTO-
pOH TEpBbIE WIECTH YPABHEHUM HE 3dBHCAT OT g,.
Cnenaem 3aMeHy

_ 0 E Lt - 0
=0 -0, L=, ;=03 x=§-Jw,

=&, x=¢q —@/2+7n), x,=gq,—(7+azn),

TOrda JTUHCAPU30BAHHYK) CHUCTEMY MOXXKHO 3anucaTth B
BHIEC
Al".‘l = (_l)nhzx5/.,2 iy ul,

Ay Ay — Ay~ Ji)(“cllxa +(=1)hx I, — u,
Axy=(A — A + JDwix, — wixs +(—1)"hwixe,

k= (-D""hx, + u, (19

X5 = (—1)"+lh,2x] + Uy,
X = Xl %

Cucrema (19) ynpasiasema 1o BCEM TEPEMEHHbBIM.
[Tycte cnipasennuBel paBeHcTsa (15) u
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n=0, J,=J,=1 ,w=250,
hy=Jdw, h=Iw,

TOrga yhOpaBjeHue, CTAOHAM3HPYIOMEE BpPAIIEHHE
CITyTHUKA BOKPYT ocu OXx, €CThb

u, =14.09w, — w)) + 3.73w, -
- 134.096w, — 5.94(¢, — J,0}) -
~64.45, + 3.34 (¢, — 7/ 2)

MpH YCJIOBMH, YTO YMNPABJCHUE U, OMPCACIACTCH W3
dopmyn (18). AHaNOTMYHO MOXHO MOCTPOMTEH yIpaB-
nenue, obecneunBaromee cTabMan3aunl0 paABHOMEPHO-
ro BpameHus BOKpyr ocu Oy.

ONTUMMU3ALIVA YITPABJIEHUSA

Bo Bcex nmpuBEACHHBIX CAy4Yasix MO HW3BECTHOMY ajro-
putMy [2] cTponsioch cTabMIN3UpPYIOIIEE YIPaBICHUE,
obecncunBaiouiee HaNEpea 3ajJaHHble Koa(hhOUIUEHTH
XapaKTEPUCTUUECKOTO YpPAaBHEHUS /I CHCTEMBI JIM-
ueiHoro npubmmxenns. Koagduumentn Bribupanucs
TaK, uTtoObl MUHUMH3MAPOBATH HOPMY YMPABJACHUA M
JAOCTHYB JOCTATOUHO ObicTpont crabmnmsaumn. Tak,
XapaKTepUCTHYECKoe ypasHenue cucremsr (14) A° +
+ad'+ a )’ + aA’ + ad + a; = 0 UMeeT TATH KOPHCi
a, * By, a, * B,i, a;. HesaBucuMo oT 3HaUeHHs
MHMMBIX UYaCcTEd OTUX KOpHEH, ynpasjicHue Oyaer
CTAOMIM3NPYIOWNAM, eCn & =, =@, =d; =—1. B 10
XKe BpeMs MHUMBIE UYACTH OKA3bIBAKT CYLMECTBEHHOC
BJMSIHUE HA BEJMUMHY YNPABJCHHS K, = C'X, TaK KaK
BCKTOp C 3aBHCHUT OT [, f,. did MUHMMH3AUMM U, =
= ¢'X umem rtakue 3, u f3,, 4T00H €BKJIMAOBA HOPMA
BEKTOpa ¢ Oblla MMHMMaJbHA, T. €. 4TOOM (yHKUES
gB, B) =c +c+E+ ¢+ ¢ npunmmana csoe
MUHUMAaJbHOEC 3HAucHMC. B paccmatpuaemom criyuae
(13)—(16) xOMMOHEHTHI BEKTOPA C CYTh

¢, =485.39 — 0.00352 — 0.0038% — 0.00058752,
c,=—2281.38 + 0.5387 + 0.5342 + 0.00015282,
c;=1052.46 — 0.387 — 0.0355 + 0.00065:55,
¢, =—3.26 — 0.00058; — 0.00058; + 0.2-10°243,
cs=3.829 — 0.00287 — 0.0028% + 0.3- 10’5282,

C mnoMOLpH MATEMATHYECKOTO MMaKeTa HaXO0auM,

KOCMIYHA HAVKA I TEXHOJIOTTSI. JOJATOK.—2005.—11, Ne 1

yro Gysknua g(f,, [,) NPUHUMACT MUHUMAJBHOE
sHauenue npu B, = -12.07245 u f, = —64.64417, a
ynpasnenne 3agacrcss paseHcrsom (17). Ecam  xe
NoAOXNATh, Hanpumep, S5, = —64.64417, 5, = 0 10
noxyuum ympasnenue u, = 473.177w, - 67.072w, —
217.621w, — 5.3935, — 2.835,, koropoe mpHHHMAET
ropasno 6oJibIuKe 3HAYCHMS IO CPABHEHMIO C ONTHUMM-
3MpoBaHHBIM ynpasacaueM (17). PesyabraTsr uucieH-
HOT0 MOMEJMPOBAHUS TMPHMCHCHMS HE ONTHMU3NPO-
BAHHOTO ynpaBJIeHUS Asi ctabuamaaummn cucrems (0)
¢ HavyaabHBIM yenoBuem (1/40, 1/30, 1/50, x/6, 7/3,
1/42, 1/37) upusenensl Ha pUCyHKAx 2z, 0.

Yrolbl MOCTPOMTH CTAOMIM3UPYIOLWIEE YNpPaBiCHUE
ang cucremsl (19), paccmarpuBaem xapakTepucraue-
CKOE YPAaBHEHUE LIECTOrO MOPSAKA, KOTOPOE HMEET TPHU
napel KOMIJIEKCHO COMPSIKEHHBIX KOpPHeH o, + fi,
@, = Byi, a3 = B,i. CHoBa npuHuMaeM @ = @, = a, =
=a, = -1, Torna dyrkuug g5, fB,, f;) npuHUMaer
MUHHMAJbHOE 3HaueHue npu S, = 1.39325, 3, =
= 17.9884, 5, = 14.042, a ynpaBneHue 3agaercs pa-
BeHCcTBOM (20).
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PARTIAL STABILIZATION OF FIXED MOTIONS
OF A SATELLITE WITH GYRODINS

A. V. Gladun, A. M, Kovalev

We consider the problem of stabilization of a rotatory movement of a
satellite with one or two gyrodins. Present results touch upon the
stability of dynamical systems with respect to part of the variables.
The controls are obtained to which the fixed solutions of the system
rigid body-gyrodins correspond. The solutions are positions of
relative equilibriums and uniform rotations of a satellite. The cases of
a controllability of a system are chosen on a linear approximation irf
a neighbourhood of the fixed motions derived. In this case we
construct the controls to provide stabilization of angular velocity and
stabilization of uniform rotation of a satellite.
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