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- relative motion; nporpamma ynpaenenus — control
program.

Paccmatpueaetcs OMCKpeTHoe yrnpasneHue
6appa’kMpPOBaHMEM aKTMBHOTO KOCMMYECKOrO annapara
OTHOCHTENbHO MACCMBHOrO anmaparta, CTPOMWTEMbHbIE
OCHM KOTOPOro 3aHMMAarOT HEW3MEHHOE MOMOXKEHHE
OTHOCMTENIbHO MECTHOM BEPTMKANU. DTO MMEET MECTO
B TOM Cfly4ae, KOrga B CUCTEME OPMEHTALMM U YrNOBOM
ctabunmsaumm MaccMBHOro anmapata B  KavecTse
OMOPHOM CUCTEMBI OTCHETA MCMONb3yeTcs opbuTanbHas

OTHOcHTenbHas cuctema kooppuHat. OnpepeneHbl
anropuTMbl  pacyeTa MapPamMeTpoB  YMPAaBSHOLLMX
MMMyrnbcoB,  obecneunBarolmx  HappaxkupoBaHue

aKTMBHOrO annaparta MEeXay ABYMS KpaeBbIMU TOUKAMMU
¢a30BOro NPoOCTPaHCTBa OTHOCUTENbHBLIX KOOPAMHAT NPK
OTCYTCTBMM OFPaHUYEHMH Ha BUT, TPAeKTopMK. [MonyyeHsl
COOTHOLLIEHMS, MO3BONSAIOLLME OLLeHWUTb 3HEeprosaTpaTbl
Ha BbINONHEHME MaHeBpa.

The discrete control of the barrage of an active space-
craft relative to a passive spacecraft, the construction
axes of which occupy an unchanged position relative to
the local vertical, is considered. This is the case when the
orbital relative coordinate system is used as a reference
frame in the orientation and angular stabilization system
of the passive vehicle. Algorithms for calculating the pa-
rameters of control pulses that ensure the barrage of the
active apparatus between two edge points of the phase
space of relative coordinates in the absence of restric-
tions on the type of trajectory are determined. The rela-
tions allowing estimating the energy consumption for the
maneuver are obtained.

Beenenue

BappasknpoBaHue ogHOro KOCMMYECKOTO ammapara
(KA) oTHOCUTEJIBHO IPYTOro ABJAETCA OOHON U3 Pa3HO-
ByugHocTey rpynmnosoro rnogaeta (I'II) [1..19] Ilox T'II,
KOTOPBI ABJAETCA OJHIUM 13 BUJOB B3aUMHOI'O MaHEBpa
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Discrete control of spacecraft barrage

(BM), nornmaeTca TaKkoe yIpaBJideMoe OTHOCUTEJIbHOe
nemxeHne (Oll) nByx num 6osee KA, B mporiecce KOTO-
POro OTHOCUTEJBHOE PACCTOSAHNME MEXKAY HUMU J100 He
M3MeHdAeTcd, ID0 UBMEHAETCA 10 OIIPeIeIEHHOMY 3aKOHY
B HEKOTOPBIX AOCTATOYHO OIrPaHUYEHHBIX IIpeJeJsax, u,
KpOMEe TOro, 9TO PAaCCTOAHME OCTAeTCA 3HAUYUTEJIBHO
MEHBIIIUM X PACCTOAHUI 0 lleHTpa ItaHeTsl. OTciona
cJenyeT, YTO OCHOBHAadA IeJib yrpaBsienuda ['I1 coctout
B TOM, YTOOBI B IIPOI[ECCE €r0 OCYLIECTBJIEHUA BEKTOP
¢ (T) OTHOCUTEJIBHOIO COCTOAHMA 1[eHTPoB Macc KA ambo
COXPAHAJ CBOe 3aJJaHHOe HadaJslbHOe 3HaueHue g =g, b0
MBMEHAJICA BIOJHE OIpeJieJIeHHBIM 00pa3oM B IIpefiesiax

Goin <4 S G- BEKTOD G (1)= _( ) onpenesdaeMblll TpeMs

s

KOMIIOHEHTaMll BeKTOpa OTHOCUTEJIbHOI'O IIOJIOMKEeHIUS
ﬁ(r) U TpeMs KOMIIOHEHTaMl BEeKTOpa OTHOCUTEJIbHOM
CKOpPOCTU v (1), IOJTHOCTBIO OIMMCHIBAET B JIFOOOV MOMEHT
BPEeMEHM T OTHOCUTEJIbHOE MIOJIOXKEHVIE Y OTHOCUTEJbHbIE
cxkopoctu KA, yuactByronux B I'Il. Bynem nojaraTts,
4TO B €ro IIpolecce anmnapaT, OTHOCUTEJIBHOTO KOTOPOTO
HY’KHO OCYILIEeCTBUTH DappaskupoBaHue, He U3MEHAeT
TPaeKTOPUIO IeHTPa Macc, a yIIpaBJsieMbIMI ABJIAIOTCA
JpyTHe anrnaparsl, y4acTBYIOI[ME B TAHHOV OIepalyin.
ITosToMy B nmasbHeIIeM IIEPBBIM M3 HUX Ha3bIBAETCA
naccuBHbIM anmnapatoMm (IIA), a octasbHble — aKTUB-
HpIMM anmapartamu (AA).

OTanyuTesIbHON 4epToil 0appaskMpoBaHNA KaKk pasHO-
BugHocTtu I'Il aBnserca To, uTo 37eck AA B mporecce
€ro BBIIIOJIHEHMA COBEpIlIaeT MHOTOKpaTHOE IiepeMe-
IIleHe B IIpefieslaX HEKOTOPOIi 30HBI (Da30BOT0 IPOCTPaH-
CTBa OTHOCUTEJIbHBIX KOOPJAMHAT C 3aJaHHBIMU JIMHE-
HBIMI WJIV YTJIOBBIMM pas3Mepamm, TO €CTb R, <R<R ,

o, <o<o, Bmm <B <P [T7ie a M B~ yIJIOBBIE KOMIIOHEHTBI
BeKTOpa R. HepeMeLueHme IPOUCXOAUT MEKAY 3alaH-
HBIMM TOYKaMM 5TOJ 30HBI, TO €CTb JOJKHO BBIIIOJI-
HATBHCA YCJOBUE ¢, =¢,, ¢, =¢, B T€UEHNE BCETO IIepuoaa
BpeMeHU I=T,T,, IJe T, ¥ T, MOMEHTbI HAYaJa ¥ OKOH-
vanua I'Il, npuuem 1?2130, a ¥=0. B 3aBUCUMOCTU OT
TOro, KakKMM 00pa30M IIPOMCXONUT DTO IlepeMelleHNe,
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pasanuaT 6appaskrupoBaHNe IPU OTCYTCTBUN OTPaH-
YeHUII Ha BUJ TPaeKTOpum u OappasKupoBaHme, KOrga
TaKVe OrpaHMYeHNMsA VMEIOTCH. OI‘paHI/I‘IeHI/IH Ha BIL
TPAEKTOPUN BBOLATCHA B TEX CJIydadx, Korga Tpebyercs
OappaskupoBaHne Ha 3aJaHHON NaJbHOCTY MM Dappa-
SKMPOBaHME BIIOJIb 3aJIaHHOTO HampaBJseHuda Heobxo-
JIVIMOCTDb B Pa3JIMYHBIX BUJIaX OappaskyMpoBaHUA MOYKET
BOBHUKHYTB IPU PEIIeHnN 3a/jay OIT03HABAHUA KOCMU-
YeCKUX 00'bEKTOB, OCYIECTBJIEHUA CTBIKOBKU C OpOM-
TAaJIbHBIMV CTaHIIMAMMU, OGOpyHOBaHHbIMI/I HEeCKOJIbKVIMU
CTBIKOBOYHBIMM y3JlaMM, CIIaCEHNA DKUIaMKel IMMJI0T-
pyembix KA B aBapuUIHBIX CUTyalMAX U T.JI.

VlcenenoBanne nuHaMuKy ABMKeHNA A A mpu ocyliecT-
BJIEHUN DappaskupoBaHMUA IleJieco0bpas3HO ITPOBOAUTH
B oTHOCcUTeJbHOM cucteMe kKoopauuHaT (OCK), o ocam
KOTOPOIi OCYIIIECTBJIAETCA OPUEHTALVA CTPOUTEIBHBIX
ocett ITA. HauboJsiee 9acToO B KaueCTBe TaKOl CUCTEMBI
ucnosbayercsa opburanpHaa OCK, HanpaBjieHne oceit
KOTOPOI CBABAHO C HAMIPABJIEHMEM MECTHOI BEPTUKAJIL.
dudpdpepenimatbable ypaBHEHNA, ONUCHIBAIOIINE AVIHA -
Muky neuskeHnsa AA B aTort OCK, moryT OBITE 3aIIMCaHBI
B BEKTOPHO-MaTpu4HON hopme B Bume [5...9]

dR/dv=V dV/di=AR+BV+U (1)
roe U =P /m— ynpasJsioliee ycKopeHue, P- yopaBJsa-
oiiee BoazelicTeue, m — macca AA, A=[a;|33, B=[bj]3xs
—KBaJpaTHbIe MaTPUILI TPETHETO ITOPAAKA, BIUJ KOTOPBIX
onpegesiseTca TUIIOM opbuTsr ITA.

IlepeiimeM K OTBICKAHUIO MPOTPAMM YIIPaBJIEHUA
OappasKMpoBaHMEM IIPU AUCKPETHOM BUIE YIIPABJA-
IOIINX BO3JeNCTBUIL. B 5TOM ciydae pelleHne CUCTEMbI
InddepeHaabHbIX ypaBHeHN (1) MOYKHO IIpeacTa-
BUITH B BUJe

G (1)=D(t,7) s (2)

- _ IR .
rjge ¢,=|.’| — BEKTOp HaYaJIbHBIX YCJIOBMII MaHeBpa,

! . 16x6
D(1,1, )=|jl.,.| — MaTPULAHT PeIueHuit f, ... f, OIHO-
poxHON cucTeMbl ypaBHeHU (1).

Eca pazbuts matpuriant O( 1, 1, )Ha 9eThIpe KIETOUHBIE
noaMaTpuIlbl TpeTbero nopaaxa @, (t,1,)... @, (1,1,) ,
TO COOTHOILIeHNE (2) MOKeT OBITh IIPEeICTABJIEHO B BUJE
JIBYX BEKTOPHO-MaTPUYHBIX COOTHOLIEHMIA

R(T):q)n(T7TO)R0+®12(T’T0)IZ)’ (3)

V(2)=®,(1t,1)) Ry + @, (1,7,) ;- (4)

ITo cooTHOMmIEHMIO (3) MOKHO HAVITK 3HAUEHME BEKTOPA
Ha4aJIbHOJ OTHOCUTEJIbHOI CKOPOCTU 170T, Tpebdyemoe
1A nonagaHus AA B MOMEHT T= T, B TOYKY C 3aJaH-
HeiMy KoopauHaTamu R (1, )=R. . Jlja 9TOro B COOTHO-
nrenve (3) HyKHO TIOJICTaBUTb 1= 1,, V,= V,,u R(1,)=R, .
BBIHOJIHI/IB 9TO, IIOJIYy4IUM
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szmll(Txaro)Ro+®12(Tk-sto)ﬁor' (5)

Orcroga

V()T:qyllz(Tx’To)[ﬁx'q)ll(TxaTo)Ro]a (6)
roe @', (1, ,71,)— Marpuma, obparHas matpume O, (1, ,1,)
3HaueHMe OTHOCUTEJIbHOM CKOPOCTM B MOMEHT T~ T,
MOYKHO HAWiTV U3 ypaBHEHUA (4), €CM MOJICTaBUTh Ty
BMecCTO V, Besm4uuy Vo
Vk:V(TK):q)zn(TsTo)R0+®22(T’To)ﬁ)r' (7)
CootHomrenus (6) u (7) IO3BOJIAIOT HANTY TapaMeTPhI
VIMITyJIbCOB yIIpaBJIEHUA, IPUKJIIAAbIBAEMBIX B KPaeBbIX
TOUKaxX DappaskMpoBaHUA. ¥YIPaBJIAOIUI UMIIYJIbC B
KpaeBoil Touke 1, HeoOXOAMMEBI nJA nepexoga AA B
KpaeBylo TOUKY 2 3a BpeMma T, OpesieMTCA KaK Pa3HOCTh
MesKIy TpebyeMoii HauaJbHO CKOPOCTbIO Vi B Touke 1
¥ KOHEYHOJ CKOPOCTBIO ¥, B MOMEHT npuxona AA B aTy
Touky uz Touku 2. Ecniu npeanososkuts, uto 1,=0, a
IIepexonbl U3 TOUKM 1 B TOUKY 2 1 00paTHO BBIMIOJIHA-

I0TCA 32 OJVHAKOBOE BpeMs [, TO COTJIACHO COOTHOIIIE-
HuaAM (6) u (7)

[71T:qy112( T, O)[I_éz'(bn(TvO) I_él]a

V=[0,(1,0)-0,(7.0) @™, (7,0) , (T.0) ] R, +
+®,,(7,0) @™, (T.0) R .

CrnenoBaTeJibHO, MMITYJIbC yIIPaBJEHNA B TOUKe 1

AVl:V]T'Vl:Bz(T’O) §2-E1(T’O)El’ (8)

rie

B, (T,0)=27,(T.0) @, (T,0)+ D, (T,0) @™, (T.0),

52(T,0)=®7112(T,O)-@21(T,0)+
+@,,(7,0) @7, (7,0) @,,(7,0).

Hauwanpnasa ckopocTs, Tpebyemasa aja nepexona AA
u3 Touku 2 B Toury 1 V,,=®"',(T,00[R -, (T,0) R, ],a
JlelicTBUTEeJbHAA CKOPOCTb AA B TOUKe 2 IIOcCJe Iepe-
Xoza M3 TOYKM 1

I72 :[¢)21 (T’O)-(DZZ (T’O) (D7112(T’0) q)]l(T’O)] kl +
+(I)22 (T’O) ®7112 (T’O) EZ N
Orcrofia porpaMMHOe IPKPAIIEHNE CKOPOCTY (MMITYJIbC

YIIpaBJIEeHUA), KOTOPOe OOJIKHO OBITH coollieHo AA B
TOYKE 2,

A szﬁzr - I772:]5'2(]10) Rl - Bl(TaO) izz' 9)
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IIporpaMmuble (ha30Bble TPAEKTOPUM Ha ydacTke Vi =sinT, y,=2(1-cosT), y,=4 sinT-4T, D=3Ty,-4y,.
IBVKeHNA AA 13 KpaeBoll TOUKM 1 B KpaeByIO TOUKY 2
CocraBidgroiye BeKTopa MoJIosKeHsa A A Ha IIepBOM

R=F R+DR,, (10) m BTOpPOM y4acTKaxX TpaeKTopuy DappaskMpOBaHMA OIpe-

IeJIAI0TCS COOTHOIIIEHIEM (})), ecJiy IOAICTAaBUTh TyJa B

a Ha yJacTKe 00paTHOTO JABUKeHUSA IIepBOM cJydae 3HadeHus R,= R, V=V, ,a Bo BTopom
. - R,=R,, Vy=V,,.

R=F R,TOR, (11) Paccmorpum npuMeps! IpuMeHeH)A MOy IeHHbIX aJIro-

rae puTMOB. IIpeanosoyxnm, 9To KpaeBble TOYKM Oappasky-

F=o,(1,0)-d, (1,000, (T,0)®,(T,0), pOBafII/IH AA gnexxat B tockocTu opbuts! ITA Ha oguHa-

. KOBOJ IaJIbHOCTY R OT HEro, HO Ha PA3HBIX HAIIPABJIEHMAX,

0=, (7,000, (7.0). xapakrepusyembix yraamu 3, u 3, . Torza cocraBaAmonme

VIMITYJIbCOB yIpaBJIEeHNA
OHeprosaTpaTe! (93) Ha UMKJ DappaskpoBaHUA

A x,=2(cosp,-cosB,)y,/D,

A yl :[2(Sinl31 'SinBZ )Ye +3TY2 SinBl ]/D 5

ITosy4yeHHBbIE COOTHOIIEHNA ONPEAEIAIT aJrOPUTMbI _ _ _ . ) .
yIIpaBJeHns GappaskupoBanneM AA Mesxay IByMA Kpae- A XNT-A X, Ay, =[3Ty,sinp,-2vy,(sinp,-sinp,)]/ D.
BBIMM TOYKaMy (Pa30BOTO IIPOCTPAHCTBA KOOPAVHAT B
obmem Buge. OHM cipaBeAJIMBLI IPY JIMHENHOV AMHAa- Ha puc. 1 n3o6pasken By TpaeKkTopuit 6appaskupoBaHUA
mugeckoit Mozpesu I'IT poa so6oit OCK, B koropoit AA B paccmarpusaemom rpumepe mis =0, §,=90°u neyx
OTIMICHIBAETCA BTO ABVKEHMe, U 1A Jito0oit opoutel ITA, sHavenwuii noxynepuoga T=n/4, T=r/2, a puc. 2 numo-
C KOTOpbIM cBa3aHO HaudaJto ganHoii OCK. CTPUPYET 3aBUCUMOCTD DHEPro3aTpaT Ha LMKJ Dappa-

OmpejienM, Kakoi BU MMEIOT DTV COOTHOIIEeHMs skupoBauusa V,; or Besmramubl monynepuona T (mumexc
nasa opburanbHoit OCK B corydyae Kpyrosoit opOuTet ITA.  «-« 03Ha"YaeT HOPMMPOBaHME BeJMUMHLI DHEPro3aTparT
HMoamatpumst @, (1,71,)...D,,(7,1,) B JAHHOM ciydae I10 Ha4aJbHOI JajJbHOCTH R, ).

uMeloT Bug [5, 6]: Bupgno, 9To B TpaeKTOPUI YCIIOMKHAETCA C POCTOM
T, ogHako O3 Ha LUKJ OappasKMPOBAHUA IIPU ITOM
1 6(t—sint) 0 YMEHBIIIAIOTCH.
®,.(t,7,)=|0 4-3cost 0
11( > 0) ’ JIureparypa
0 0 CcoST
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