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YK 681.51+629.78
BBK 39.67

KOMNbIOTEPHbLIE TEXHONOIrMA UMUTALIUU U
AHUMALIMK ONA NONETHOW NMOAOEPXKU
CUCTEMbI YNPABINEHUA OBUWXEHUEM
MWHUN-CMYTHUKA 3EMJTIEOB30PA'

Comoa T.E.
(Camapckuil 2ocyoapcmeenHvlill mexHu4ecKuil yHugepcument)

Kpamxko npedcmasnsiomes ancopummsl Mooeruposanus u oobpabom-
KU meiemempuieckol ungopmayuy 0as NONemHOU HOOOEPAHCKU Cl-
cmeMbl YUpagieHusi O8UNCEHUeM MUHU-CIYMHUKA 3eMAe0030pa ¢ npu-
MeHeHUeM KOMRbIOMEPHOU CPedbl UMUMAYUU U AHUMAYUU.

KnroueBble cioBa: MUHU-CIYTHHK 3eMieo030pa, cuctema ympasiie-
HUS, UMHUTALMS, aHUMaLs, [T0JIETHAS MOAJIEPIKKA.

[IpundaTbIEe COKpallleHUS:

ITCK - rpunBUucKasl reoje3uueckas cucreMa koopausar, M -
neurarenb-maxoBuk; MOK - nH(popMmanus orepaTHBHOrO KOHTPOJIS,
UCK - nnepumanbHas cucrema koopanHar; KA - kocMudeckuii anma-
pat; KM - xuneruueckuit MomenT; MHK - MeTon HauMeHbIINX KBa-
paroB; Cb - comneunas Garapes; C/IU - ckopocTs ABMKEHHS U300-
paxenus; CIIIIP - cuctema nonnepxku npuHatus pemenuit; CCK
- CBsi3aHHas cucrema KoopauHar; CY/] - cucrema ymnpaBieHUsS IBH-
xenuem; OCK - opbutanpHas cuctema koopauar; ODII - onTuko-
3NIEKTPOHHBIN npeobpasoBarens; LIYII - nenTp ynpasneHus mnonera-
MH.

! Paboma evinonnena npu uacmuunoii (unancosoti nodoepicke PODU
(epanmor 14-08-01091, 14-08-91373) u omoenenus Snepeemuru, MEXAHUKU,
Mawunocmpoenust u npoyeccos ynpaeienus PAH (npoepamma ¢ynoamen-
manvhvix ucciedosanuti Ne 14, npoexm 1.12)

Tamvsana  Escenvesna  Comosa,  maadwiuii  HAYUHbLU — COMPYOHUK
(te_somova@mail.ru)
Monoooesapoetickas yu., 244 Camapa 443100
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BeedeHue

[porpammuas cucrema SIRIUS-S [13] Obuia paspaborana s
ABTOMAaTH3UPOBAHHOTO MTPOEKTHPOBAHUS CHCTEM HABEICHMUS, HABHUTa-
LMY W YOpPaBJICHUS JBUKEHUEM WH(MOPMAIMOHHBIX CITyTHUKOB. JTa
CHCTEMa CONIEP)KUT TUAIIOTOBBI MOHHTOp, MOACHCTEMBI MOZIEIHPO-
BaHHUA, CHUHTE3a W aHajau3a, aHuManuu aBumxeHus KA u gokymen-
TUpOBaHMA pe3ynbTartoB. C moMombsio cucteMsl SIRIUS-S unxenep-
MIPOEKTUPOBIIMK UMEET BO3MOXKHOCTb OLIEHUTh BO3MOKHOCTU CVY]]
KA, BBIIOTHUTE aHAIW3 TOYHOCTH HABENCHUS W cTabmimu3anuu Oop-
TOBOTO WH(GOPMAITMOHHOTO O0OPYIOBaHHUS (TEJICCKOIIOB, aHTCHH) C
y4eToM BO3MYILEHUH, orpaHHueHuil u ap. ¢aktopoB. B cucreme
SIRIUS-S peanu3oBaHbl MOJIENIN Bpalllaloliecs 3eMiii, KOCMUYECKON
00cTaHOBKHU — TeKy1ero nojoxenust ConHia, JIyHsl U T.A., KOHCTPYK-
uun KA, ero mocrynarenbHOro M yrniIOBOTO JIBUKEHHM B PEXHUMax
KOCMHUYECKOHN CBSI3U, IIPU ONTUKO-IICKTPOHHONU ChEMKE, a TAKXKe MPHU
MIPOCTPAHCTBEHHBIX MMOBOPOTHBIX MaHEBpax. JTH MOJIENHU MO3BOJISIOT
BBIMIOJIHUTh PAacyeT KUHEMAaTUYECKUX NapaMmeTpoB ABikeHus KA u
chopmupoBats Ha0Op XM-(ailyIoB TSI TOJCUCTEMBI BH3YaIH3aIiH.

Cuctema SIRIUS-S ycnemHo mpuMeHsUIach NMPU MPOEKTUPOBa-
HUU MHOTHX POCCHHACKHX WH(OPMALMOHHBIX CITyTHHUKOB, HaIpHUMeEp
reOCTallMOHAPHBIX CITYTHHKOB CBs3U JIyu-5A/B, Oxcnpecc-AMS5/6,
CIyTHHKa 3emiieo030pa Pecypc-11 v iepcrieKTHBHOTO MUHHU-CITy THHKA
3emneo03opa Cupuyc-1. B mocnenHee BpeMsl NPOSIBUIICS HHTEpEC
HPEANPUATHIT KOCMUYECKOM OTpaciy K IPUMEHEHUIO IIPOrPaMMHOMI
cucteMsl SIRIUS-S mJis TOJETHOTO COMPOBOXICHUS (TTOMICPIKKH)
CV]] nH)OpMaIMOHHBIX CITyTHUKOB. 3/1€Ch MPOOIeMa COCTOUT B TOM,
YTO IPU BO3HUKHOBEHMH 0TKa30B B CVY]l cpa3y BO3HMKaeT Cylle-
CTBEHHOE OTKJIOHEHHE ymIoBoro nBumxeHus KA ot mporpammHo-
ro aBwkeHus. Ilpn 3TOM, HECMOTPS Ha AOCTYITHOCTH TeJIeMeTpHYe-
ckoi mH(opMaIMK OT pabOTOCHOCOOHBIX U3MEPUTEIBHBIX MTPUOOPOB
0 (aKTHYECKOM YIJIOBOM ITOJIOKEHHUW CIIyTHHKA, BO3HMKAET 3ajada
KBaJIM(UIMPOBAaHHOW MHTEPIIPETAllMK aHOMAabHOW opueHTauun KA
OTHOCHTENBHO HampasiieHHH Ha 3emiio, Ha CoJHIIE W Jp. BHEIIHHE
opueHTHpbl. COBpeMEHHOE IPEACTaBICHUE KMHEMAaTHYECKHX Mapa-
MeTpoB opreHTaru KA ¢ moMoIsio KBaTepHUOHOB CO3/1aeT Mpobiie-
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My quig oneparopos LIYII npu nmpocTpaHCTBEHHOM BOCIPHUATUU IIO-
CTyTAIOMIEH TeleMeTpudecKo HHPOPMAIIHH, TIOATOMY BEChMa JKema-
T€JIbHO UMETh KOMITBIOTEPHYIO0 aHUMALIUIO ABHXKEHHS CITyTHUKA HETIO-
CPEICTBEHHO T10 TeIEMETPHIECKUM JTaHHBIM.

OpHOI W3 CTpaTernuecKuX TEHAEHIM COBPEMEHHOTO Pa3BUTHUS
KOCMHMYECKON TEXHMKH siBisieTcsl co3ganue Mainbix KA. Ilepssie ma-
JIBI€ CIIYTHUKHU OBUIM MpEIHAa3HA4YeHBI MPOCTO U SKCIIEPUMEHTAIb-
HOIO HCCIIE[IOBaHHSA HOBBIX WH)KEHEPHBIX M TEXHOJOTMUYECKUX pe-
mennii. OHaKo yKe B KOHIIE MPOIUIOTO CTOJETHS MOSBHUIACH BO3-
MOXKHOCTb HCIIONB30BaTh MaJble CIyTHUKHU Ul PEIIECHHS JOCTaTod-
HO CJIOKHBIX M TIPAKTUYECKH Ba)KHBIX MH(POPMAaMOHHBIX 3a1a4. [Ipu
3TOM HeOOJbILINE CPOKH U CTOMUMOCTh CO3aHHS OTAEIBHOIO Majoro
KA, a Taxxe BO3MOXHOCTb I'pYINIIOBOIO 3allycKa TaKUX CITyTHHUKOB,
MTO3BOJISIFOT CAETaTh CYIIECTBEHHBIH CKadOK B KadecTBEe MH(OpMAIH-
OHHBIX yCIyr ¢ HeOonpmMMH (rHAHCOBBIMHU 3aTparamu. IlosToMy B
MIOCIIe/IHeE IECATIIIETHE B PA3IMYHBIX CTpaHaX HapsAdy C YHHBEpPCH-
TeTaMu AaHHOH MpoOJIeMOi HHTEHCHBHO 3aHUMAIOTCS] HAYYHO HCCIIe-
JIOBaTEeIIbCKHUE WHCTUTYTHI M (UPMBI KocMudeckoi orpaciu. Cope-
MEHHOE COCTOSIHHE HayYHO-TEXHHYECKHX Pa3padOTOK MajbIX CILyT-
HUKOB MH()OPMAIIMOHHOTO Ha3HAYeHHS MPEICTABIECHO B MOHOTpaun
[9], cratesax [1, 4] u OpyrUX MyOIUKAIUSX.

Puc. 1. Munu-cnymnux 3emneobzopa Sirius-1
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Hekotoprie mpoOneMbl MOAETUPOBAHUS, ONTUMHU3ALNN HaBeIe-
HUS, IMATAIlIN ¥ aHUMAINX IBIOKeHUs Manbsix KA 3emieo0630pa, pe-
maemble B ImporpaMMHoOil cucteme SIRIUS-S, yxe pacCMOTpEHBI B
npenpaymmx padorax [7], [10] — [13] ¢ ygactuem aBTopa. B man-
HOW CTaThe KPaTKO MPEICTABISIOTCS OPUTHHAIBHBIC AJITOPUTMBI U ]-
poBoro ympapieHus kinactepom JM u 00paboTKu TeneMeTpudecKon
nHpopManuu s nonetHol momnepkku CY]l myTHHKa 3emireo030pa
C MPUMEHEHUEM aHUMAIIAH.

1. O6s1UK MUHU-cymMHuUKa 3emsieo63opa
MWUHH-CIIYTHHUK 3eMJIe0030pa OCHAIIEH TEJIECKOIIOM C MaTpHIla-
mu ODII B ero gokansHOM TIOCKOCTH, pUC. 1. [Ipn chemMKke ydacTKoB
MTOBEPXHOCTH 3€MIIM COBOKYITHOCTBIO MapIIPyTOB WX CKaHWUPOBaHHSA
OOII paboTaT B pekKHUMe BPEMEHHOHN 3aICPKKU U HAKOTUICHHUS.
KoncrpyktuBnbeiii  obnmuk KA
MIPEACTaBIseTCS CUCTEMOM Tell, KO-
TOpasi COICPXKHUT KOPIYC CITyTHHKA,
TENECKOIl C TMOABUKHOM KPBIMIKOH
oObekTuBa, uerbipe mnanenun CB,
npudeM Kaxaas TMaHelb pa3MelleHa
B JIByXCTCIIEHHOM IIOJIBECE, U IIECTh
AQHTEHH ]I IpUeMa CHTHAJIOB HABH-
rarmoHHbix cucteM GPS/TJIOHACC.
OrmpeneneHne YIIOBOTO ITOJIOKEHUS
h, KA ocymecrtisercss uHEpUUANb-
HOM HAaBUTAIMOHHOW CHCTEMOH C
Puc. 2. Cxema GE kiacmepa ~ COMHCYHO-MarHUTHOH M aCTPOHOMH-
yeckol Koppekuuen. McnomHurens-
HeiMH opraHamu CY]] MUHH-CIyTHHKA SIBISIFOTCS KJIacTep YeTHIPEX
IM mo cxeme General Electric(GE), puc. 2, MarHUTHBIA TPHUBOL
W JBUTATelIbHAs YCTaHOBKAa HAa OCHOBE BOCHMH MHHHUATIOPHBIX
ANIEKTPOPEAKTUBHBIX JBUTATEIICH.

2. Modenb dsuxeHusi cnymHuka 3emsieob63opa
Hcnoneayrorces naeprmanbaas (MCK), ['puHBHUCKas reone3nde-
ckast (I'TCK), opburamsaast (OCK Ox°y°z°) u cBsi3aHHas ¢ KOpmy-
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com KA (CCK Ozyz, cm. puc. 1) cucremsl koopauHar. [Ipumens-
I0TCSI CTaHJApPTHBIC 0003HaYeHus (-, -), {-} = col(+), [-] = line(-) s
BekTOpoB, [ax], [-| = diag(+), (-)® aua marpuu u (o), (*) s kearep-
HHOHOB. Mozienb yrioBoro aBmwkeHus: KA, ynpasisieMoro Kiactepom

JIM 1o cxeme GE (cM. puc. 2), UMEeT BHI

(1) ‘ A=Aow/2; .
(2) W+Ah=-wxG+M, JAw+h=M,

e A = (Mg, A), A ={\},i=1,2,3 =1+ 3 — KBaTepHHUOH OpH-
enran CCK ornocurensno UCK; w(t) — BekTop abcomoTHOI yr-
J0BO# ckopocTH kopiyca KA; J, — MOMEHT uHepuun Kaxaoro JIM;
H = {H;} = Ayh; h = {h,} u M = {m,} — cronbusl, cocras-
JIeHHBIC M3 KMHETH4YeCKuX h, m ympapnsommx m, MomeHToB M,
p = 1+ 4 coorBerctBenHo; G = Jw + H - Bekrop KM mexa-
HHYECKOW CHCTEMBI; BeKTOp MM, MpeicTaBisieT MOMEHTBI JBUraTelTb-
HOM YCTaHOBKHM OPHEHTAIMH U BO3MYILIAOIIHE MOMEHTHI BHEIIHUX
cwr; Matpuua A, = [a,] ycranoBku oceii Bpamenus IM B CCK
NPEJCTABISCTCS CTPOKO, COCTaBICHHOM U3 CTOJI0O0B a1 = {a, a, 0},
as = {a,—a,0}, a3 = {a,0,a} n a4 = {a,0, —a}, rne npu 0603Ha-

yenuax C, = cosv; S, = siny umeem C, = S, = a = 1/v/2 nna
3Hauenust ¥ = w/4. B UCK optsl 01,02 1 03 opOuTansHoro 6asuca,
cootBerctBytoniero OCK Oz°y°z°, onpenenstorcss COOTHOMICHUSAMU
o2=r/|r|| =1r° 03 = —v X r/||v X r||[=—n° 01 = 02 X 03=T7°,

[7ie I U V — COOTBETCTBEHHO PaHyC-BEKTOP U BEKTOP JIMHEHHOU CKO-
poctu nenTpa Macc KA, a Taxke 0TMEYECHBI OpTHI TPaHCBEpcald T°,
paguaiy r° ¥ HopMaiad n° B TEKyIIeH TOUYKe OPOUTHI.

Bekrop yrmoBoit ckopoctu opburtansHoro nsumxeHus B OCK
npexcrasisiercs B Buge vo = {0,0,0,}, toe v,(t) — ucTuHHAA
anomanus. Opuenranus OCK O z°y°z° orHocurensno UCK ompe-
nensiercst kBarepHuoHoM O, KOTOPBIM M3MEHSETCsl COITACHO YpaB-
germo O = O o Y/2. Opuenramss CCK ortnocurensno OCK
ompenesiercst kBarepHuoHOM A° = (A3, A°), KOTOpBIil BBIYMCIIS-
ercst o cootsomennio A° = O o A U yIOBIETBOPSET ypaBHE-
o A° = (A° o w — %0 A9/2, BexTopoM mapamerpos Diinepa
L° = {l§,1°}, rme I§ = A§ u 1° = X°, marpuieil HanpapiIArOIIHX

xocunycos C° = ||| = L35 — 2[1°4] Qj,,, Qp, = Tslf + [1°x],
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a TaKkxke cTonbuoM ¢ = {¢1, P2, 3}, COCTaBICHHBIM H3 YIJIOB Kpe-
Ha ¢1 = -y, PHICKAHUsI ¢o = 1 W TaHraxa ¢3 = 0 B MOCIEHOBa-
TEJIBLHOCTH 3JIEMEHTAPHBIX TOBOPOTOB 312", KOTOpHIE BHIYMCIAIOTCS
0 SIBHBIM aHAIUTHYCCKHM COOTHOMICHWSIM ¢1 = arcsin(cds); ¢o =
arctgy(cs/c89); ¢z =arctgy(—c5;/c5,).

[TepenaBaemsiii Ha xopnyc KA Bekrop M' ympasistomniero Mo-
MeHTa Knacrepa M dbopmupyercs B BUIC

M = {Mj} = —H = _Av{hp} = —Ay{mp} = A, M,

COOCTBEHHBI KHHETHYECKUH M YIPABISIONINI MOMEHTHI TIO OCH KaX-
noro JIM orpanmuensl: [my(t)] < m™, |hy(t)] < h™, p=1-+4.
HopMupoBaHHBII BEKTOp KHHETHYECKOIO MOMEHTa Kiactepa [IM

h = {X,y, Z} = H/hm = {acl + xg,a(hl — hg),a(hg — h4)},

rne 1 = a(h1+h2), v2 = a(hg+hy) 1 hy = h,/h™, npencrasnsercs
B BeKTOpHOM Buje kak h = A h, rae cronben h = {h,}, |h,| < 1.
BBenem cranmaptHele QyHKuuMM HaceimeHus y = Sat(a,x),
KBaHTOBaHWsS MO ypoBHIO y = Qntr(a,x) u ¢uKcaluu cUrHama
zp(t) = Zh(t, Ty, x) = x VYt € [ty, try1) Ha neprome uUdGpoBo-
ro ynpasnenus T, rae tp = kT, k € Ng = [0, 1, 2...). Komanasbrii
Bextop M, = M (t;,) = {M}, } ynpaenenns knacrepom JIM dopmu-
pyetcst anroputMoM CVYJ]I ¢ mepuogom T, B MOMEHTBI BPEMEHH .
ITycts AP(t) u wP(t) IpeACTaBISIOT KBATEPHUOH H BEKTOP YIJIO-
BOH ckopoctH kopryca KA npu ero nporpamMmmHoM JBrxeHuu. Ksa-
tepurion E paccornmacosanus ¢opmupyercs B Buge E = (eg,e) =
A”(t) o A, uto onpenensier BexTop mapameTpos Jiinepa £ = {ep, e}
u Marpuily norpemHoctd opuentaun C. = I3 — 2[ex|Q, rae
Q. = Izeg + [ex]. Bekrop dw = w — C.wP(t) onpenemnser mo-
rpemHocTh yrimoBoit ckopoctu B CCK. ®unbTparus IHUCKPETHOTO
PaccoracoBaHusI M0 YaCTH KOOPAMHAT BEKTOpa MapamMeTpoB Diiepa
Es = {eps, €5} BBINOIHSETCS C IIEPUONOM KBaHTOBaHUs Tj; B BHIE

(3) Xs11 = A%, + Bey el = Cx, + De,, s € Ny

C BBIXOJHBIM CHUTHAJIOM ei, e quaronanbhble Marpuisl A,B, C, D
HAMEIOT 3JIEMEHTHI 4; = —bg; b; = bg; ¢i=—(1+ bg); di = (1+ bfl),
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bl = —exp(—T,/Tt) u T — nocTOSHHAs BpeMeHH QUIBTPA.

B xontype mmdpoBoro ympasnenus opuenramumeir KA Bektop
paccornacoBanust € = d¢p = {0¢;} = {—2epe}, ero AUCKPETHO
M3MepeHHbIe M OT(hHIBTPOBAHHBIC 3HAUCHNUS €, a TAKKE 3HAYCHUS
w?=w {t } uCnoNB3yIOTCS B BEKTOPHOM 3aKOHE IIH(POBOTO yIpaB-
nennst ML, =M @ 7 e f) knacrepom M

(4)  gr1=Bgp+Cel; up=K(gp+Pel); M =J@ +uy,

rne npu dy, = 2/T,, v a; =[dy11;—1]/[dyT1]1] 2MeMeHTBI AHATOHAITB-
ueix Marpuil K = [k; | u B, C, P BBIMHCISIIOTCS IO COOTHOIICHUM

bi=[duto; — 1]/[duTei + 1]; c; = pi(bi — a;); pi = (1 = b;) /(1 — a;)

C HA3HAYACMBIMU TIApaMeTpaMHu T1;, To; U K.

3. Hugppoeoe ynpassieHue knacmepom MU

[Ipu ynpaBiaeHun KiiacTepoM Ha OCHOBE 4eThIpEX [IM mpuHuU-
nuajgbHas mpobiieMa 3aKIIIoYaeTcsl B paclpeiesIeHuH OTPeOHbBIX BEK-
topos kunerndeckoro H = {h,} u ynpasmsromero M" = —H wmo-
MEHTOB MEXIy M30BITOUHbIM uucioM [IM B coctaBe knactepa. [lpu
HEKOTOPBIX YMPOUICHHUSAX 3Ta MPOoOIIeMa COCTOUT B OOHOBPEMEHHOM
peIlIeHUH ABYX YpaBHEHUIL:

(5) A\h=HVH € R* h ¢ R*; A,M=M"VYM" € R* M € R*.

Tpuvenenne ncesnoGparnoii Marpuusr A% = Al (A AY)™! me
obecrieunBaeT EAMHCTBEHHOCTH peleHus ypaBHeHuil (5). Kparko
MPEACTaBUM OPHTHHAIBHBIN MOJX0A K Pa3peLIeHHUI0 STHX YpaBHEHUH,
OCHOBaHHBIM Ha IPUMEHEHHH CKaJIPHOM (DYyHKIUM HACTPOMKH, KO-
TOpasi TI03BOJIAET TOYHO M OJHO3HAYHO pachpeaenuTs BekTopsl H u
M' = -H Mexay 4 JIM 1o SIBHBIM aHAJIUTUYECKUM COOTHOILIEHUSIM.

Pacnpenenenue Bekropa Hopmuposannoco KM h = {x,y,z}
mexy 4 JIM BBINONHACTCS 110 3aKOHY f, = Z1—To+p(T1Z9—1) = 0,
e mapametp p € (0,1); T1 = x1/qy; To = 29/q7 qs = V2 — 5%
§ =Y, Z, B IBa dTala: CHa4aja pacrpe/ieJeHne HOpMUPOBAHHOTO BEK-
topa KM h mexny mapamu JIM B mOCIen0BaTeNnbHOCTH ¢ = Gy + qz;

A=(q/p)(1 — (1 —4pllay — @2)(/2) + playqz — (x/2))]/¢*)"/?);
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z1 = (r+A)/2;x9 = (x— A)/2, a 3arem pacnpeneneuune KM mex-
oy M B kaxzjoil mape 1mo O4eBUJIHBIM COOTHOIIECHUSAM. s omgHO-
3HAYHOTO OmpejieeHus BekTopa-cTonoua M = {m,,} ynpasnsromux
MOMeHTOB JIM K TpeM JIMHEHHBIM anreOpanmdecKuM ypaBHEHHSIM (5)
nobasnsercs auddepeHnnanpHoe ypaBHEHHE 3aKOHA pacTIpeieIeHUs

dfp/dt = <af,f1> = [afp]{hp} = [afp]M/hm = (I)p(h)7

e ®,(h) = —Sat(¢p, pp fp(*)), ¢ps f1p = const > 0 u ckanspHble
(yHKIMHK af1 9, af34 TPEICTABIAIOTCS B IBHOM BHJIC

a a(hs +h
aprs = L2+ hy(hy — ho)]L + pa T ha)
y qz
a(h1 + ha)

apsy = _?(;[2ih4(h3—h4)][1—|—p !

z qy

B wurtore nonydaerca cucremMa 4 JIMHEHHBIX ypaBHEHUH U IIPU
= reypP f
BEKTOpE JAUCKpeTHOH KoMauasl M W, € ;) mudpoBoe ynpapieHue

(6) mpk(t) = Zh(t, Ty, Sat(m™, Qntr(m,, my)))

kaxapM JIM popMupyeTcs 1o 3HaUEHHSAM 1My, B COCTABE CTONIONA
M@ €j b ={mpud ={A;a g} "{-M}h"® (h)},

IJIe UCTOMB3YIOTCS 3Ha9€HUs QYHKIUK @712 ¥ G f3 4, BBIYUCICHHBIE B

MOMEHTBI BPEMEHHU 1}, 110 U3MEpEeHHBIM 3HadeHusM KM h,;. Bcex [IM.

4. 3akoHbl HasedeHuUsl cnymHukKa 3emsieob63opa

Ha moBepxHocTH 3emiau MapumpyT CheMKH OTOOpaskaeTcs cie-
nom npoeknuit OOII, cocrapnsas nonocy 3axeara B [ TCK. Mapuipy-
Ty Cb€MKH COOTBETCTBYET 3aKOH yIiIoBoro HaseneHus KA, mpu koro-
POM TPOHCXOMUT TpeOyeMoe IBIKEHHE ONTHYECKOTO H300parkeHUs
o ¢oro-npueMHoit noBepxuoctu Marpur OOI1. 3agaua BEIYHCICHUS
nporpaMMHbIX 3HadeHuil kBarepHuoHa AP(t) opuenramun CCK ot-
HocutenbHo MICK 1 BekTopa yrioBoit ckopoct wP(t), Kak SIBHBIX
(¢yHKIMHA Ha 3aJ]aHHOM WHTEpBaJle BPEMEHHM, pElIaeTcs Ha OCHOBE
BEKTOPHOTO CJIOXKEHHS BCEX DJIEMEHTApHBIX IBI)KEHHUII TEJEecKoIa B
I'TCK c ygerom Tekymieil mepcrieKTUBEI HAOMIOACHUS TP 33TaHUN
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a 0 8
Puc. 3. Tunosvie mapwpymul ckanupyoujeti KOCMUYECKOl CbeMKU

KOOPJMHAT Ha4aJIbHOTO HAa3eMHOTO OOBEKTa M MOTPEOHOTO Teofe3u-
YecKoro azuMyTa ckanupoBanus. B cucteme SIRIUS-S peanu3oBaHbl
AJITOPUTMBI CHHTE3a 3aKOHOB HaBeneHUsT KA 11 TpacCOBBIX MapIIpy-
ToB (puc. 3a), KpUBOJIMHEHHBIX MApIIPYTOB C BHIPAaBHUBAHHUEM IIPO-
nonsHOM CIIU (puc. 36), miomaaHoro 3eMiIe0030pa COBOKYITHOCTEIO
reo/le3NYeCKUX MapuipyToB (puc. 36), a TakKe JJIs MOJTY4YECHHUS CTe-
peon3o0pakeHH 3a1JaHHBIX YYaCTKOB TOBEPXHOCTH 3eMJIH.

5. UMumauyus deu)xeHus1 MUHU-CITymHuUKa 3emsieob63opa

Wmnrannsa asmwxenns KA ¢ nugpoBoil cuctemoil ynpaBieHus
BBINIOJIHSIETCA B TporpamMMHoi cucteme SIRIUS-S, KOHKpPETHO B €e
MOJICCTEME aHAJIN3a U CHUHTE3a, CO3aHHOW C NMPUMEHEHHEM Cpellbl
Matlab. 3mech mporpaMMHO pealn30BaHbl Takue (QYHKIUA: 0TOOpa-
KEHHUE KapT 3eMHOH MOBEPXHOCTH C 00bEKTaMU HAOIIOACHUSI, OPOUTHI
u Tpaccel moneta KA; pacder opOUTaIbHOTO M YIIOBOTO IBMKEHHH
KA npu BBINONHEHHMH 1IETEBBIX 3a/1a4, MPOBEPKA MX PEaln3yeMOCTH
MIpH OTPAaHMYEHHBIX Pecypcax SIEeKTPOMEXaHWMYECKUX HCIIOTHUTEIb-
HBIX OPraHOB; CHHTE3 aJITOPUTMOB OINPEACICHUs] OPUCHTALNH, 3aKO-
HOB HaBeJCHUS U ynpasieHus opueHTanueil KA; ananus ycroiiunso-
ctu u xadectBa CY/] KA mpu BBIIOJIHEHHH MPOTPaMMHOIO YIJIOBOTO
JBIDKEHUS; pacyeT "BUIUMOCTH" Ha3eMHBIX JTHOO MOOMIBHBIX ITyHK-
TOB IIpUeMa-Iepenad HHGOpPMaLMu U ap.

6. lNMpoepammHas cpeda aHUMayuu

B SIRIUS-S noacucteMa aHMMAIMK peaii30BaHa B MporpamMM-
HOW cpene Delphi 7 ¢ TpUMEHEHHEM TPOTPAaMMHOIO CpeJCTBa
Blender [3] n rpaduueckoit ombnmuoreku OpenGL [8], T.e. Ha oc-
HOBE CBOOOJHO pPAaCHpOCTPaHSIEMBIX MPOTPaMM, B OTIUYUAE OT W3-
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BecTHOM mporpamMmHoil cuctembl STK (Analytical Graphics, Inc.,
http://www.agi.com). 31mech TpPOrpaMMHO BBINIOJHAETCS IpOIEaypa
"HaKJIEHKH" TEKCTyphl B BUJE KapThl 3eMiM Ha cepUUecKyro Mo-
BEPXHOCTDH C TOCIEAYIONUM MAacCIITAOMpPOBAHUEM JUIS y4eTa CHKaTHA
3emin, oTMe4aroTcsl 00beKThl HaOMIONEHNS ¢ 3alaHHBIMU I'eoe31ye-
CKMMH KOOpAWHATaMU U Jajiee peann3yercs COOCTBEHHO KOMIIBIOTEP-
Hasl aHUMaLus IPOCTPAHCTBEHHOI'O IBM)KEHHS CITyTHHKA.

3D-monens koHCTpyKIMH KA peanusoBana B Blender, Ha puc. 1
MoKa3aH MpHUMep BU3yaJdu3allMd KOHCTPYKIIMH MHUHHU-CITyTHHKA 3€M-
neo63o0pa Sirius-1 ¢ OTKPHITON KPBIIIKOH Teneckona. [IpemxycMorpena
BO3MOXXKHOCTh OTOOpa)KEHUS MEePEMEIICHUHN 3JIEMEHTOB KOHCTPYKIIHH
CIyTHHKa, Hanpumep kaxaod nanenu Cb. [Ipn uamenennn momnoxe-
HUS IEHTpa Macc U opueHTannu KA n3o0paxeHue ero KOHCTPYKIHH
¢ noABKHBIMU naHenssMu Cb B Texymel ciieHe "mepeprcoBBIBaET-
cs" ¢ BBICOKOM YaCTOTOM, UTO U co3maeT 3PPEKT aHUMAIINH JBUKCHUS
CIIyTHHKa OTHOCHUTEJIbHO Bpallaromeics 3eMim.

[Mporpamma BH3yaIM3alliy MO3BOIAET U3MEHAITH MacIuTabd u300-
pakeHUs ¥ BpeMEHHOH TeMI aHUMAIINH, a TaK)Ke PaKypc HaOIONEeHUs
CIIEHbI JBIDKEHHs CIyTHHKAa B JIByX BapHaHTax — U3 MPOU3BOJIbHON
toukn B UICK n u3 mpowmsBonbHOM ¢ukcupoBannoit Toukn B OCK,
MOCTIeAHUH BapuaHT HanOosee BaKEH JUIS CITyTHHKOB 3eMiie0030pa.

7. AHuMayusi dewxeHUs1 MUHU-CTYMHUKa 3emsieob63opa

B npornecce anumaruu aBmwkenus KA 3emieo0630pa oroOpaxka-
FOTCSl TEKyIllas TOYKa TPACChl, TOYKA MMEepPeceyeHns EeHTPAIbHOMN JH-
HUW BU3UPOBAHUS C MMOBEPXHOCTHIO 3eMIIA U MPOCKITUS IIEHTPATLHOMN
yuann Matpuisl OOI1 Ha 3Ty TOBEPXHOCTH, €CIIH B TOT MOMEHT BbI-
MIONIHSAETCS CKaHUpyromias chemka. Ha puc. 4 mpeacraBieHbl Kagpbl
aHMMaIlu| JBIDKEHHUS MHHH-CIIyTHHKa 3eMiie0030pa MpH BBHIMIOTHE-
HUY 33JIaHUsl Ha ChEMKY C TAKUMHU JIaHHBIMHU: KPyroBas COJHEYHO-
CHHXpOHHAs opOuTa ¢ HakJIOHEHHWEM 98 Tpaj., apryMEHTOM Iepures
120 rpaa. u Beicotoit monéra KA 600 xm; gara ceemku 30.06.2009;
JEKPETHOE BPeMs IIPOXOXKACHHUS BOCXOAIIEro y3ima opoutsr 08:58:08,
OIPOOHOCTH CM. B [7].
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Puc. 4. Kaopvl anumayuu 0gusicenus MuHu-cnymuuxa 6 2 pakypcax

8. AHumauyusi npu nonemHol noddepxke CYL[

C uenbio MOBBILICHHST HaJeKHOCTH U xuBydectrn CVY]] mMuHu-
CIYTHHKA 3eMJIe0030pa Ipu BOZHUKHOBEHWH OTKAa30B OOPTOBOII arma-
parypsl B LIYII obecrieunBaercs e€ mojeTHas nopaepxka. [Ipu atom
HCIONIB3yeTCs moctynaromas ¢ 6opra KA Tememerpudeckast wHpOp-
Manus oneparuBHoro koHTpons (MOK), roe conmeparcs AaHHBIE O
3HAYEHUSIX OCHOBHBIX MEPEMEHHBIX COCTOSHHUS OOPTOBBIX CHCTEM B
MOMEHTBI BpeMeHu t; = s71;, s € Ny, ¢ nepuonom T; > T;. Haps-
oy ¢ uHpOopManuel, HeoOXoMUMOH sl quarHoctuku padotel CY],
HalpUMEpP 3HAYEHUH YIPABJIAIOMIUX 17y,; U KHHETUYECKMX MOMEHTOB
hyr AM, B cocrabe MOK npucyTCTBYIOT M3MEPEHHBIE JaHHBIE O KH-
HEMaTHYeCKHX MapaMeTpax Kak JBIKCHUs LEHTpPa Macc — BEKTOpax
rs = r(ts), vs = V(ts), TaK U YIJIOBOTO JABMIKCHHUSI — KBaTCPHHOHE
A = A(ts) opuentanuu cinytHruka B ICK, koTOpbIe NOMy4arOTCs 1O
curnanam GPS/TJTIOHACC u uHepualibHOM HaBUTaIl[MOHHOW CHUCTE-
MbI COOTBETCTBEHHO, C "TIPUBSAZKON" K MOJIETHOMY BPEMEHHU.

g monernoro conpoBoxkaenuss CVY]| oneparopamu L[VII mpu-
MeHsieTCs cucTeMa nojyepkku npuHstus pemennii (CIIIP) [2, 5].
B »TOll cucteme BBINOIHSIOTCS JEKOAMPOBAHUE TEIEMETPUUECKON
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NOK, nexomnosuiiusi nHGOpMAIMK 110 MPUHAJICKHOCTH K KOHKPET-
HBEIM OOPTOBBIM CHCTEMaM, JIOKaIHM3aIis OTKa30B OOPTOBOH ammmapa-
TYpBI, MOJTOTOBKA JAHHBIX JJIS YTOYHSIONIETO MMHUTAIIMOHHOTO MO-
JenupoBaHus (TP HEOOXOAWMOCTH) M B IMAJIOTE C OIepaTopamu Mo
pelaronmM npaswiaM B coctaBe 6a3e 3Hanuil CIIIP ¢popmupyrorcs
PEKOMEHIAINH O HEOOXOANMBIX JeHCTBUSAX.

st omeparopoB LIYII HanOoONBITy IO CIOKHOCTD TPEACTABIISCT
mmpobiemMa BOCHPHUTUS (PaKTHUECKON (10 M3MepeHHsIM PabOoTOCIIO-
COOHBIX IPUOOPOB) OPUEHTANINHU CITyTHHKA OTHOCHUTEIHHO HaIlpaBJie-
HUI Ha OOBEKTHI BHEIIHEH KOCMHUYECKOW OOCTAaHOBKH NPU BO3HHK-
HOBEHHHU aBapHiiHON cuTyanuu B pabore CVY]l, xorma ee pecypcsl He
MTO3BOJISIOT BBHITIOJIHUTH aBTOMAaTUYECKYI0 AMAarHOCTHKY OTKa3aBIIEeTo
pubopa u BoccTaHoBiIeHHe padborocriocoOHocT CY]/] 3a cueTr pexoH-
(urypamun kouTypa ynpasienus. Hamuane B IIYII cpenbr anumanmm
MO3BOJISICT UCKIIFOYHUTE 3Ty MPOOJIEeMy: Ha JBYX COCEAHUX MOHUTOpPAX
OJTHOBPEMEHHO OTOOpa)katoTCs MPOCTPAHCTBEHHBIE ABIDKEHHS CITYT-
HUKa Ha OCHOBE Kak JaHHBIX TeneMeTpudeckoit UOK, tak u pesynbra-
TOB KOMIBIOTEPHOH MMHUTAINH ABIKEHUS KA C COOTBETCTBYIONIMMH
3HAYCHUSMH NapaMeTpOB, HaYalbHBIX yciaoBUH s moxenu (1)-(4),
(6) u rumoTe3aMu 0 BO3MOXKHBIX OTKa3ax 00PTOBOrO 000pYyIOBaHHMS.

JIns KOMIIBIOTEpHON aHUMAIMU JIBHXKEHUS CITyTHUKA C JIOCTOM-
HBIM Ka4eCTBOM H300pa)KeHHs, B OOIIEM ciydae MPU U3MEHEHUU I10-
noxenus naneneit Cb, HeobxomumMo 06ecTeunTh IUIABHOCTH BapHa-
MY KHHEMAaTHYECKHUX TapaMeTpOB JIBHKEHHUs Kak kopryca KA, tak
u maneneit Cb. [lomydaemas ¢ 6opra KA tenemerpuueckas MOK B
YacTH yKa3aHHBIX KMHEMAaTHYECKUX MapaMeTpoB Ha TMOJHOM HHTEp-
Basie BpeMenu ¢ € [td, 3 + T°] aHuMauuu cHa4aIa HPOXOAUT obpa-
OOTKY Ha OCHOBE CKOJB3AIICH MOIHMHOMUAIBHON allpOKCHMAINH IO
MHK ¢ nensto nogasiieHus: NOrpelIHOCTe u3Mmepenuil. Ilpu Tpagu-
IMOHHOM 0003Ha4YeHWH BeKTOpa Jifiepa € KBaTepHHOH OPHEHTAINH
A B3aMMHO-OTHO3HAYHO CBSI3aH C BEKTOPOM MOIU(PHUINPOBAAHBIX Ma-
pamerpoB Ponpura o = e tg(f/4) (manee npocto Bektopom Pospura)
SIBHBIMH aHAJIUTHYECKUMHU COOTHOIIICHUSIMH

o=X(14+X); = (1-02)/(1+0%);Xx=20/(1+0c?),
KOTOPBIE MO3BOJISAIOT CBECTH MPOOIEMY CINIAKMBAHHS KBATEPHUOHHBIX
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JIAHHBIX K OOBIYHOM 3ajJja4ye anmpoKCUMAIUU BEKTOPHBIX U3MEPCHHIA.

CyIIHOCTh CKOJIB3SIICH MOTHHOMUATBHON alllPOKCUMAIIUN Mac-
CHBOB 3HA4YEHUI BEKTOPOB I's, Vs, O s U KOOPAHHAT YTIIOBOTO MOJIOXKE-
Hus na”eneit Cb 3axmouaercs B npumenennu MHK s anroputmu-
YeCcKH Ha3Ha4aeMoro Habopa yJacTKOB 3THX MAacCHBOB C Pa3TUIHON
JUIUTENBHOCTBIO ¥ B3aUMHBIMH "TIEPEKPHITUAMHU" CMEXKHBIX Y4aCTKOB
0 KpasiM B 7 TOYKax ¢ AOCTymHBIM nepuonom 7;. Ilpu aTtom cHaua-
Jla Ha3HA4YaroTCsl y4acTKH, COOTBETCTBYIOINE MapLIpyTaM CKaHHPY-
FOIIEN ONTUKO-3JIEKTPOHHOW CHEMKH, T alMpOKCUMALIUS 3HAYE€HUN
0 s BekTopa Pozpura BBIOMHSACTCS] BEKTOPHBIME TOJTHHOMaMu o % (t)
5-ro mopsIka. 3aTeM ONpeAesIIOTCS Y4aCTKH MacCHBOB, CBSI3aHHBIE C
BBITNIOJIHEHUEM IIPOCTPAHCTBEHHBIX TOBOPOTHBIX MAHEBPOB CITyTHHKA
MEXJly COOTBETCTBYIOUIMMM Mapuipyramu. OTMe4deHHbIe "TepeKphl-
THS" y4aCTKOB I03BOJIIIOT 00ECIEYUTH IVIAJIKOE CONPSIKEHNE KPAeBBIX
ycnoBui 1BrkeHus KA Ha rpaHuiax cMeXHbBIX Y4aCTKOB.

Ha 3aBepmaromieM stame MOATOTOBKM K aHWMAIMK JIBHKEHUS
CIIyTHUKA BBINOJHACTCS UHTECPIOIALMS PA3HOTUIIHBIX [TOJMHOMHAIb-
HBIX 3aBUCUMOCTEH IIIaAKo "CKICEHHBIX" BEKTOPHBIX U CKaJIAPHBIX
(GyHKIMH BPEMEHHU C IIOMOILIBIO CHUCTEMBI BEKTOPHBIX CIIAHHOB 3-TO
nopsaka. Kparko onuieM NpuMeHseMyl0 METOAUKY [6] MHTeprois-
uu Bektopa Ponpura o%(t) BEeKTOpPHBIME CIUTIaiiHAMH HA BPEMEHHOM
WHTEpBaje aHUMAINH ¢ JUINTeNbHOCTBI0 1, KpaTHOH nepuony 1.

[TycTh MO SIBHBIM aHATUTHYCCKAM COOTHOIICHUSIM IOTYYalOTCs
3HaueHus Bekropa Poxipura o(ts) B MOMeHTBI BpemeHH ¢ € [, ¢4,
rae t‘} =15+ 1% ts = sT;, s = 0+ ng, ng = T%/T;. 3anaua unrep-
HOJISIAK BEKTOpHOU QyHKIMU o®(t) ¢ mepuomom 7], Koraa Mepuos
11 > T; v KpaTeH UHTEepBaly BpeMeHH! 1'%, ¢ IOMOIIBIO 7 BEKTOPHBIX
cruiaitHoB 3-ro nopsiaka pg(t), e ¢ € [tg, tky1], & = 0+ (n — 1),
n = T%/T}, COCTOMT B IIaJKOi KOMIIO3UIIUH BEKTOPHON (GYHKIHH
Bpemenu p(t) = o'(t) Vt € | 0:t}] 13 BeKTOPHBIX CILIAlHOB Py (t)
npu ycnoBusix p(ty) = o®(ty), k =0+ n.

Ecnu BBectH crunaitnsl py(7), k = 0+ (n—1) B HOpMHPOBaHHOM
Bpemenn 7 = (t —tg) /11 € [0, 1], To mpu o6o3nauenusx pi(0) = px
u p(0) = p), tae pi(7) = dpi(7)/d 7, xaxnpii craiitn p(7)
Ha cermeatre m = k + 1, k = 0 + (n — 1) npezcrasisiercst B BHIE
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pr(7) = F(7) G, tae cocTaBHbIE CTPOKa M CTONOCI] HMEIOT BHJI
F(r)=[Fi(7), Fo(7), F5(7), Fa(T)],  Gr={Pk: Pk+1, P} Ppi1}

U HCTIOJIb30BaHBl HOPMUPOBAHHBIE K JJIMHE cerMeHTa 17 KyOuueckue
BecoBbIEe (PyHKIIMH DpMUTa

Fl(T):TQ(QT -3)+1; FQ(T):—TQ(2T —3);
F(r)=Tr(r —1)%  Fy(r)=T*(1 - 1).

Ha m-oM cerMeHTe MHTEpIOJSLHN KOMIIAKTHBIA BUI CIUIaiiHA
pr(T) = n§ + 7nf + 72n§ + 730k, me nf = pi; n} = Tip);
n5 = —3(pi — Prt1) — T1(2P), + Pl );

n§ = 2(py — Prs1) + T1(P), + Plhyr)s
CJIE/LyeT U3 BEKTOPHO-MATPUIHOTO COOTHOLICHHUSI
pi(7) = F(7) G, = [1,7,72,7%] {nf n¥ nk nk}.

[pu yenosusix p(ty) = o%(tx), k = 0+nu pj =p(td =
o {t)ipr=p(t } =0 (t Jsxonsuue B cocTaB COCTABHBIX BEK-
T0poB G, BEKTOPHI P}, ONHO3HAYHO OMPENEIAIOTCS W3 BEKTOPHO-
MAaTPUYHOTO ypaBHEHHUS [6] ¢ TMOCTOSHHOW CUMMETPUYHOM JieHmou-
HOU TpexauaroHansHOM (n + 1) X (n + 1)-marpuueii, obpameHue
KOTOPOU BBITIOJHAETCS TOJIBKO OAMH pa3 meronom [aycca.

B pesynbrare mogoOHON HHTEPITONSAIAY OTYJalOTCs SIBHEIC aHa-
JUTHYECKHe TIPEJICTABIeHHsI BCeX BEKTOpHBIX T'(t), vi(t), o'(t) u
CKQJLSIPHBIX KOOPIMHATHBIX (DyHKIHH, KOTOPbIE Jajee HCIONIb3yITCs
AU aHUMAallM{ [POCTPAHCTBEHHOTO JIBIDKECHMS CITyTHHKA C Tpelye-
MEIM Ka9€CTBOM H300paKeHUSI.

Texymee momoxenne OCK Ox°y°z° B UCK onpenensiercs mo
kiaccuyeckomy anroputMy TRIAD Ha ocHOBe 3HAYeHMIA OPTOB BEK-
Topos r'(t) u vi(t). [lanee M0 CTaHAAPTHBIM COOTHOIIEHHAM BBIUHC-
TSIOTCS TEKYIIME 3HAYEHUS OpTa HaNpaBleHUS Ha 3eMIlto, KBarep-
HuoHa opuentanuu OCK otHocutensHo MCK, a Ttakke kBaTepHHO-
Ha opuentaiuu CCK ornHocutensHo OCK. Texymiue 3HaueHuUs: op-
ToB HamnpasieHus Ha ComnHie, JIlyHy U Ipyrue XxapakTepHble BHEITHIE
OPUEHTHUPHI BHIYUCISIOTCS Ha OCHOBE M3BECTHBIX COOTHOIICHHUH Me-
XaHUKH KocMmudeckoro mojera caadana B ICK, a 3atem B OCK.

®dopmupyemblie Kak rpu oopadoTke Tenemerpuueckoit MOK, Tak
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U B INPOLIECCE KOMIBIOTEPHON MMHUTAIMM HAOOpPHI CIUIAiiHOB, UHTEP-
TTONIUPYIOIHE 3HAYCHUS BCEX HEOOXOMUMBIX BEKTOPHBIX U CKAIAPHBIX
(GyHKIMHA BpeMEHH, NPUMEHSIOTCS B MOJACHCTEME aHMMAalWd U II0-
my4yaemas omneparopamu LIYII Buneonnpopmanms ucmonszyercs npu
MIOJIETHOM COINIPOBOXKICHUN MHHU-CILyTHUKOB 3€MJIe0030pa ¢ IpHUBIIE-
YeHneM dKcepTHhIX BosMoxHocTei CIIIIP.

3aknroyeHue

Kparko onmcaHbl opurdHaIbHBIE aJITOPUTMBI IIU(POBOTO yIIpaB-
JIeHUs] KJIacTEepOM JBUTaTeel-MaXxOBUKOB M alITrOpPUTMbI 00paboTKH
TeJIeMeTpUIecKor nH(popMaIy, TprUMeHsIeMble B IPOTPaMMHOM cpe-
Jle aHUMAaLUK AJIs [TOJIETHOW MOANEPKKU CUCTEM YIIPABJIICHUS JIBHKeE-
HUEM UH(POPMAITHOHHBIX CITyTHHKOB.

PaspaboraHHas KOMITBIOTEPHAS Cpella aHUMAIH BeChMa I0JIe3-
Ha npu ee npuMeHeHnu B 1IYII yHHBEpCUTETCKUX CIyTHUKOB. Bo3-
MOYXHOCTH 3TOW Cpenbl Ui 0Oy4eHHUsl CTYJACHTOB U acIUPaHTOB Ha
(akynpTeTax a3pOKOCMHYECKOTO MPO(UIST B POCCUHCKUX YHHUBEPCH-
TeTax npezacTtasieHbl B Tpyaax 9 Cumnozuyma MDAK mo goctuke-
HUSM B 00pazoBaHuu B obmactu ympasiaexus [10].

YucneHHble pe3ynbTaThl aHUMALMK IPOCTPAHCTBEHHOTO ABIKE-
HUS MUHHU-CITyTHHKA 3eMJIe0030pa MoJTyuyeHb! B IPOTPaMMHON CHCTe-
Me SIRIUS-S, xoTopas Oblia peaqu3oBaHa IMPH HETIOCPEICTBEHHOM
yuactuu aBropa. Asrop Onaromapen C.A. ByTelpuHy 3a miomoTBop-
HOE O0CY)XKJIEHHE CTaThbH M PEKOMEH/IAIIH.
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COMPUTER TECHNOLOGIES OF IMITATION AND
ANIMATION FOR IN-FLIGHT SUPPORTING OF
LAND-SURVEY MINI-SATELLITE MOTION
CONTROL SYSTEM

Tatyana Somova, Samara State Technical University, Samara,
young researcher (te_somov(@mail.ru).

Abstract: We shortly present algorithms for in-flight supporting a
motion control system of land-survey mini-satellite with application
of computer technologies for simulation and animation.

Keywords: land-survey mini-satellite, control system, imitation,
animation, in-flight support.
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