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AHAJIN3 HABJIIOJAEMOCTU B 3AJIAYE YIIPABJIEHUA
OPUEHTAIIMEN KOCMHAYECKOT'O JJETATEJIBHOTO
AINITAPATA C NPUCOEJUMHEHHBIMH YIIPYTUMU
SJIEMEHTAMMU

TIpoBeneHO aHami3 CHOCTEPEXKHOCTI B 3agadi  ymnpaBiiHHS opieHtaumiero KJIA 3 npuenHanumu
NPY)KHUMH ~ €IeMCHTaMH. Po3po0ieHO Ta MepeBipeHO HOBY UHCEIbHY METOAMKY —aHAli3y
CIIOCTEPEKHOCTI CHCTEMH.

HpOBeZIeH aHaln3 HaGHIOZIaeMOCTI/I B 3aJla4y€ yNIpaBJICHUE OpHeHTaHHeﬁ KIJIA ¢ MIPUCOCAUHECHHBIMU
yYOpyrumu  SJIE€MEHTaAMU. PaspaGOTaHa U [OpoBEpE€Ha HOBas YHUCJICHHass METOJUKA aHajlu3a
Ha6.TIIOIIaeMOCTI/I CHCTEMBI.

It was carried out the analysis of observabilitytire task of the spacecraft orientation controlhwit
supplemented elastic elements. It was devised hecked a new numeral methodology of observability
system analysis.

B HacTosmee BpeMsi K CHUCTeMaM YIPABICHUS OpPHEHTAaIed KOCMHYECKHX
neratenpHbiX  ammapatoB  (KJIA) npenssBisioTCS —4pe3BBIYAWHO  BBICOKHE
TpeOOBaHMSI 10 TOYHOCTHM IICPCOPHEHTALMH W  CTa0WIM3AaLUM  YIJIOBOTO
nonoxenwus [1]. [l ynoBieTBOpeHUs TaKMM TPEOOBaHUSIM B 3aKOHAX YIPaBICHUS
OpHEHTALMEN JKEJIATENIbHO YIUTHIBATh BIMSHUE YNPYIHX JIEMEHTOB Ha JUHAMUKY
HEeHTpAJIILHOTO siapa anmapara. OZHUM W3 CHOCOOOB TaKOro y4era sBIseTCS
peamm3anusi B OOPTOBOM  BBIYHMCIHTENE  QJITOPUTMOB  HaONIOJAroOLIero
yetpoitcta [2] win guiieTpa Kanmana. Ha3HaueHHeM 3THX alrOpUTMOB SBIISCTCS
MONY4YEHUE CTIaKEHHBIX OLEHOK YIJIOBOM CKOpPOCTH sijpa U OLICHOK COCTOSHUS
YIOPYrHX JJIEMEHTOB IO H3MEPEHMSIM, OCYHIECTBISIEMBIM JaTYMKAMH YIJIOBOM
ckopoctu (Y C), pacnoioKeHHBIMU Ha LICHTPAILHOM sIIpe.

HeobxonnmbiM  ycitoBueM 3¢ ¢EKTUBHOM pabOThI aJrOPUTMOB OLIEHUBAHUS
ABJSIETC HAONIONACMOCTh TIEPEMEHHBIX BEKTOpA COCTOSHHS, B TOM YHCIIE H
XapaKTepHU3yIOIUX KOJIeOaHHWsl YHPYrUX O3JEMEHTOB. YUHUTHIBAas CIOKHOCTD
MaTreMaTH4eckod Mopenu coBpemeHHoro KJIA ¢ ynpyrumu snementamu [3]
NpOAHAM3MPOBaTh  HAOJMIONAEMOCTh  IIOJIHOTO  BEKTOpPAa  COCTOSHMSA —~ HE
MPEACTABISETCS BO3MOXKHBIM. B JaHHON cTaTbe MPOBOMUTCS TAKOH aHANU3 Ui
YIIPOIICHOH MOJENH IO CIEeNHaIbHO pa3paboraHHOW Meroauke. Ha ocHoBanmm
MOJIYYCHHBIX PE3YJbTAaTOB CIeNaHbl 0000MIarone BEIBOIBI, KOTOPBIE MOTYT OBITh
MONE3HBIMU IPH aHAIW3€ M CUHTE3€ CHUCTEM YOPABICHHS OpUEHTaLeH
coBpeMeHHbIX KJIA.

PaccmatpuBaercs onHoocHoe BpamieHus KIIA, mnpezacrasisiomero co0oit
JKECTKOE ILEHTPadbHOE AP0 C JBYMs MapaMH CHUMMETPUYHO MPUCOEAMHEHHBIX
YIPYTHX 3JIEMEHTOB B BUJIC OJJHOPOIHBIX CTEPIKHEH C KOHCOJILHOW 3aIeNIKOi [4].

JluHaMu4eckre ypaBHEHUS] UIMEIOT BUL!

lawtLx=My
. o )
X+K x+Cx=Qw

I7ie X — IBYyXMEPHBIH BEKTOp AeopManny yIpyrux 3JeMeHTOB;

® — YIII0Basi CKOPOCTb,

|— oceBOit MOMEHT MHEPITUH,

L— maTpuua BIUSHUS YIPYTHX 3JEMEHTOB Ha TMHAMUKY KECTKOT'O spa!

My~ ynpaBisoImmii MOMEHT;

K— maTpuna xoddduimeHToB neMnprpoBaHus,

C—wmarpuiia KBaJpaToB COOCTBEHHBIX 4acTOT KojeOaHui;

Q- Marpuia BIMSHMS JIBYDKCHHS JKECTKOTO slpa Ha JMHAMHKY YIPYTHX
3JIEMEHTOB.

W3mepenrem B TaHHOI 3aj1aye sIBISIETCSL YIIIOBasi CKOPOCTh (.

s anannza HaOMIOZ]AEMOCTH BEKTOpa COCTOSHMSI, MPEACTABIISIONIETO COO0H

BCKTOp Y = (& X;; X;; X,3X,), BOCIIONB3yeMCsl M3BECTHBIM KpuTepueM [5], B

COOTBCTCTBUU C KOTOPbBIM CHCTCMaA 6yz[eT BIIOJIHE Ha6n}0naeM0171, CCJIM paHr
MaTpulbl Ha6J'IIOHaeMOCTI/I
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B KOoTOpoil P —matpuua namepenuit, A — matpuna cucremsl (1), npuBeneHHON K
¢opme Ko, paBeH N - pa3MepHOCTH BEKTOPA COCTOSIHUSL.

HaOmonaemocTs BeKTOpa COCTOSIHMS, BOOOIIE TOBOPS, - 3TO CTPYKTYpHOE
CBOHCTBO CHUCTEMBI, IO3TOMY €r0 aHaJlu3 JKEJIATebHO IPOBOAUTH B
aHauTHYecKoM Buae. OJHAKO MONYyYUTh AHAJIWTHUECKUE BBIPAXKEHUS Ui
MHHOPOB MaTpHIIbl HAOJIIOIaeMOCTH B CHCTEMaxX BBICOKOTO TIOPS/IKAa OKa3bIBACTCS
3aTpyAHUTENbHBIM. [looTOMy mpejiaraeTcss 4YHMCIEHHas METOJUKA aHaIHM3a
napaMeTpuuecKkoil HaOM0aeMoCTH, NpHMEHHNMasi, BOOOIIE TOBOps, A 3ajgad
mo0o#t pasMepHocTH. OHa COCTOMT B BBIUMCICHHM M CPAaBHEHHM C HYJIEM BCEX
MHUHOpOB MaTpuibl Q.. KoppekTHOCTb MCIONb30BaHUA YHCIEHHOW METOIUKU
o0ycroBlieHa TeM OYEBHIHBIM (DaKTOM, UYTO €CIH TpH KakoM-IImbo Habope
IapaMeTpOB BEKTOP COCTOSIHUS HAaOJIIOAaeM, TO CHCTEMa CTPYKTYpHO Halmoaema.
Henocratkom YUCIIEHHOMN METOAUKH SBIIETCA HEOIPEIENCHHOCTb
«BBIYMCIIUTENBHOIO HYJSD», U 3TO YCIOXKHSET aHanu3 paHra marpuusl Q. Hns



MPEOJIOJICHNS YKa3aHHOIO HEAOCTaTKa IpeUlaraercsl CIeaylollas MIpoLeaypa, 18
U3II0KEHHAs Ha IPUMEPE pacCMaTpUBAEMON 3ajauu. =
Uccnenyercs 3aBUCHMOCTh  HaOIIOAEMOCTHM  BEKTOpPA  COCTOSIHUSL  OT 18
napameTpoB ynpyrux aiemeHTtoB. C O3TOH Lenbl0 BCE MNapaMeTphl YIPYrHX 1
3JIEMEHTOB, KPOME OIHOTr0, (PUKCHPYIOTCS, W UYUCICHHO CTPOMTCS 3aBHCHMOCTD /
MHHOpOB MaTpuupbl Q, or Bapsupyemoro mnapamerpa. Ilo mnoBeneHuto >Toi 12
3aBHCHMOCTH MOXXHO C/€NaTh BBIBOA O MapaMETPUYecKoi HabIromaeMocTi 10 \ /
BEKTOpA COCTOSHUS M, 4YTO BaXXHO M MOCHEAYIOLUIEr0 pELICHUs 3aJadd 2 /
OLICHMBAHMS, O CTENEeHH HaOII0aeMOCTH B 3aBHCUMOCTH OT BapbHPYEMOI'O 8
rapaMmeTpa CUCTEMBI. / /
OnuieM CTpaTeTuio BBIYUCIUTENBHOIO SKCIEepUMenTa. BHauane npumem Bee ‘
OJHOMMEHHBIE TAapaMeTpbl YIOPYrUX HJIEMEHTOB paBHBIMH. B 3ToM ciydae 4
aHaJIMTUYECKU HETPYAHO IIOKa3aTh, YTO MEPEMEHHbIE X, X,, PABHO Kak U X;, X, , /
HEpa3JeluMbl C TOYKU 3PEHUS BIUSHHUS HA JXKECTKOE SAPO H, CIEJOBATENBHO, :
cucTeMa He BIIOJHE HaOmromaema. Jlst ompeneieHus HapaMeTpoB  YIIPYTHX 0
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QJICMCHTOB, CYHICCTBCHHO BJIHAIOIINUX Ha Ha6J'IIOI[aeMOCTL, MNpUMEM paBHBIMHU BCC @ &0 35 e » A a0 e 7 > 50

OJIHOMMEHHBIE HapaMeTPhl YNPYTMX 3JIEMEHTOB, KPOME ORHOro. Berumcmss
ONpEJIeNUTeNh MATPULbl HAOMIONAEMOCTH B 3aBUCHMOCTH OT BapbHPYEMOro
napamerpa, JenaeM BBIBOJA O BIMSHUM JTOr0 MapaMeTpa Ha HaOII0IaeMocCTb
cucremsl. [lepeOupas B kauecTBe BapbUPYEMbIX BCE NIAPAMETPhI IIEPBOTO YHPYIOro
JJIEMEHTa, BBIABISAEM Te, KOTOpbIE BIMSAIOT HAa HAOMIOJAEMOCTh Hambomee 007
CYIIECTBEHHO. \ /
B pesynbTraTe BRIYUCIUTENLHOTO YKCIIEPUMEHTA YCTAHOBIIEHO:
* [pM BaphbUPOBAHMHM COOCTBEHHOI YaCTOTHI MEPBOTO YHPYrOro >JI€MEHTa

Puc. 1.3aBucumocts ompeaenuresns Matpunsl Q, 0T kBagpara cOOCTBEHHON 4acTOTHI
TIEPBOTO YIPYTroro 3JIeMeHTa

00693

cucTeMa Bcerna HaOmiogaeMa, 3a HCKIIOYCHHEM HYIIEBOW YacTOThl M oo /
YacTOTHI, COBMAJAIONIEH C COOCTBEHHOH YacTOTOM BTOPOro YHPYroro 0.05
JleMeHTa. B yka3aHHBIX  coydasx — ONpEAENuTeNnb  MaTpHIbI
HaOIOIAEMOCTH IPHHUMAET 3HAYCHHE «BBIYMCIUTENILHOrO HYIs» (puc.1); 00433
* TpH BapbUPOBAaHUM KOd(pHIMEHTA NeMII(UPOBAHMS TIEPBOTO YIPYTOro
JJIEMEHTa CHCTEMa Bceraa HaOironaeMa, 3a HCKIIIOYEHHEM 3HadeHMS, a0z
COBIIAJAIOLIEIO0 C OJHOMMEHHBIM I1apaMETPOB  BTOPOIO  YIPYroro 006
aneMeHTa. B mocnenHeM ciydae onpenenuTess MaTpULbl HaOI0qaeMocTn
630K K HyIo (puc.2); 00173
* cucTeMa ocTaercs HeHaOIomaeMol TIpM  BapbUPOBaHWH IAapaMETPOB
B3aVMOBIIMSAHHS JKECTKOrO sipa M YIPYIHMX DJIEMEHTOB IIPH PaBEHCTBE R666710
IpOYUX IApaMeTpPoB YIPYTUX sieMeHToB. Ompexpenurens marpuubl Q, e I
OCTAETCS B OKPECTHOCTSX «BBIYHCITHTEIBHOrO HyIs»> (pric.3,4). Toukn «A» 825 0269 0288 0306 0325 0344 0363 0381 D4 0419 0.438 045 0475 0494 0513 0331 055

Ha PUCYHKaX COOTBETCTBYIOT CIIy4Yar0 MapaMeTprUYeCcKON IKBUBAJICHTHOCTH
VIOPYrUX  3JEMEHTOB, JUIsi  KOTOPOrO  AHAJMTHYSCKH  JIOKa3aHa
HCHAOIFOJJACMOCTh CUCTEMBI, W Jal0T TMPEJCTABICHHEC O BEIUYMHE HICPBOTO YHPYToro SICMEHTA
«BBIYUCIUTEIILHOTO HYJIS».

Puc. 2.3aBucumocts onpeaenuresnst Matpunsl Q, ot kosddunmenta gemibupoBanus
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Puc.3. 3aBucumocts onpenenurenst Marpuipl Q, OT mapamerpa BIHSHHS IIEPBOTO
YIIPYrOro JIEMEHTa Ha JKECTKOE SAPO
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Puc. 4.3aBucumocts onpeaenuterns Marpurpsl Q, OT mapamerTpa BIHSHIS JABIDKCHIS

JKECTKOTO siipa Ha IUHAMUKY IIEPBOrO YIIPYT OO JIEMEHTa

TakuM 00pa3oM, YHCIEHHBIH aHaidW3 HAOIIONAEMOCTH paccMaTpHBAEMOU
cucTeMbl OofHOOCHOro BpamieHuss KJIA ¢ OByMsl NMpHCOEAMHEHHBIMH YIPYTUMH
9JIEMEHTaMH TI03BOJISICT C/ICNIATH CIICAYIONINE BBIBOIBI

* IITUMEpHBI BEKTOP COCTOSHMS CHCTEMBl BIIOJHE HAOJIONaeM 10
M3MEPECHUSIM YIJIOBOH CKOPOCTH, €CIIM YIPYTHE 3JIEMEHTHI Pa3iIMyaroTcst
COOCTBEHHBIMH YaCTOTaMH WM KOI(PPHUIIEHTaAMHU 1eMIT(UPOBAHIS,

* YeM CyYIIECTBEHHEE pa3/IMYaloTCs YIPYrHe JIIEMEHTH 110 yKa3aHHBIM
napaMeTpaM, TeM OOIbIle OMNpeNeNUTeNb MaTpUIbl HAOII0AaeMOCTH H,
CJIC/IOBATENILHO, BBIIIE CTETIEHh HaOMomaeMocTu. Pasmane coOCTBEHHBIX
YacTOT CYIIECTBEHHEE BIIMSIIOT Ha CTENEeHb HaONMI0JaeMOCTH, YeM
K03 GUIMeHT 1eMII(UpOBAHUS;

* CBOMCTBO HAOJIONAEMOCTH CHUCTEMBbl HWHBAPHMAHTHO K MapaMmerpam
B3aMMOBIIMSIHUS YIIPYTHX JIEMEHTOB M KECTKOT'O S/pa,;

* 10 3HAYECHHUIO  OMNpPEACNHTENs  MaTpUIbl  HAONIOZAeMOCTH  IIPH
BapbUPOBAHUM IAPAMETPOB B3AHUMOBIMSHUS YIPYIHX 3JEMEHTOB U
JKECTKOT'O SIIpa MOYKHO CYIUTh O 3HAUCHUH «BBIYMCIIUTEILHOTO HYJISD;

Juis monTBepXKIEHHMs — TONYYEHHBIX — PE3YJAbTATOB  CHHTE3MPOBAHO
HaOJI0afone yCTPOHCTBO U MPOBEICHO MOJIETMPOBAHKE MPOLECcCca OLCHUBAHUS

BCKTOpAa COCTOSIHUS YIPYTHX OIEMEHTOB  Z = (X; X;; X,; X,) 10 H3MEPEHUSIM

YIJIOBOM CKOPOCTH snipa. Pe3ynbTaThl MOIEIMPOBAHUS MIPECTABICHEI HA PHC. .

Ha puc. 5 mpencrasieHsl TpadMKu U3MECHEHHS OIMOKHA OJHOHM IepeMEHHON
COCTOSTHUSI OT BPEMCHHM ISl Pa3IMYHBIX 3HaUCHHWH COOCTBCHHBIX 4acToT. KpmBas
Nel cooTBeTcTByeT COOCTBEHHOW 4YacTOTe, JUII KOTOPOW OBUIM pacCYUTaHBI
3HaueHHS KO3(PPUIIMCHTOB /I HAONFOMAIOIIETO YCTPOICTBA, TTOATOMY OHA UMEET
HaMMCHBIIIee BpeMs nepexonHoro nporecca. Kpupeie Ne2 n No3 uMeroT MeHbIIee 1
Oompmee 3HaueHms Ha 10% COOTBETCTBEHHO TIPH TEX IKE 3HAYCHUSIX
ko3 unmeHToB ams HabOIrOAArOmero ycTpoWcTBa. BHIHO, YTO TepeXOmHOM
MPOIIECC TaK K& CTAOWIM3UPYETCsI, HO 32 OOJIBIIIEE BPEMSI.

CrnemoBatenbHO, IS YCIOBHH TPHUONMKCHHBIX K PEATBHBIM, B KOTOPBIX
3HaueHHUs KOd(Q(HUIMEHTOB TOYHO HE W3BECTHO, HCIIONB30BaHME HAOIIOMAOMICTO
YCTPOKCTBA MO3BOMACT IPPCKTHBHO OIICHUBATH BEKTOP COCTOSIHHUS.

PesynmbTaThl 118 OCTaNbHBIX MEPEMCHHBIX BEKTOPA COCTOSTHHS OKa3BIBAFOTCS
aHaJIOTMYHBIMH.

PesynmbTaThl MOmENMMpOBaHUs, TPEACTABICHHBIC HA PHUC. 5, MONTBEPKIAIOT
TEOPETUICCKHUE BBIBOJIBI. JTO CIICAYET U3 TOTrO, YTO OIMIMOKA OI[CHUBAHUS BEKTOpA
COCTOSTHUS YIPYTUX AJIEMEHTOB CTPEMHUTCS K HYITIO.
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Puc. 5.3aBncumocTs ommOKH HAOIIONCHNS IEPEMEHHOHN X1 OT BPEMEHH IS Pa3HBIX
3HAYEHHH COOCTBEHHBIX YaCTOT

W3 nomy4yeHHBIX BBIIIE PE3yJIbTATOB MOXHO CIENaTh BBIBOJ, YTO HCXOIHAs
crucTeMa sIBJIsieTcsl HaOioaeMoH, eClii eCTh CYIIECTBEHHOE pa3jInine B KBaJIpaTax
coOCTBeHHBIX YacToT Wi Kodddunmenrax npemndupoBanus. Ecimm ke atH
K03(h(HUIMEHTHI OMMHAKOBBI WIIH OJIM3KH, TO YIPYTHE JJIEMEHTHI Pa3JIeNIUTh HEIb3s
W, CIIeIOBATENbHO, cHCTeMa He HaOmomaema. CHHTE3MpPOBaHHOE Ha OCHOBE ATHX
BBIBO/IOB HaOIMI0jaro1ee yCTpOHCTBO NOATBEPAMIIO STH PE3YIITATHI.
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