troduced to compensate errors of radio signal passed through the ionosphere. This makes it possible to solve the problem of
precise estimation of object’s location coordinates very effectively. It is actual to consider the location coordinates as the initial
information in the construction of onboard navigation algorithms for estimating other parameters of the trajectory, among which
the most important is the velocity vector of the object relative to the Earth surface. The article presents a mathematical model
of the inverse trajectory problem, the purpose of which is to evaluate object’s location coordinates derivatives, described the
used technology, research is carried out and procedures are proposed to improve the solvability of the problem under conditions
of finite accuracy of measurements and representation of numbers in a computing environment. To solve the problem, a neural-
like algorithm of the Kalman type is proposed. The results of computational experiments are also presented.
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CapaTtoBCKuii HaUuMOHaNbHbIN NCCNeoBaTeNbCKU FOCYAAPCTBEHHBI YHUBEPCUTET
mmeHu H. I'. YepHbiwesckoro, r. Capatos, MHCTUTYT npobnem To4YHOM MexaHukn n yrnipasnenus PAH, r. CapaTtoB

OBOJIIOLUMNOHHLINV aNITOPUTM MUHUMM3 ALK 3aTPaT XapaKTepucTnYecKkom
CKOPOCTU Ha NepeopueHTaLuio opouTbl KOCMUYECKOro annapara

B keamepHuoHHOU nOcMano8Ke paccMompena 3a0aua OnMmumMaibHoOl nepeopuenmauuu opoumet Kocmuueckozo annapama (KA). Pac-
CMOMPEH aKmyanbHblil 4acmHblil cay4atl 3adayu, koeoa opouma KA sensemes Kpyeogoil, a ynpasienue npuHUMaem ceou MaKCumMaibHbvle
10 MOOYAI0 3HAYEHUS HA OMOEAbHBIX YHACMKAX aKmueHoeo deudicenust KA (npu smom makice npucymcmeyom yHacmyi naccusHoeo 06u-
acenusn KA). Ilocmpoen opueunanbHolli 560A0UUOHHBLI AA0PUMM HAXONCOCHUS ONMUMAAbHbIX mpaekmopull nepesemog KA, ¢ komopom
Heu38ecmHbIMU GeAUMUHAMU AGASIIOMCS daumeavHocmu yuacmkoe deudicenusi KA. Tlpugedenvl npumepbwl wuciennoeo peuieHus 3a0a4u 04s
cayuaes, Ko2da omauuue mMexcoy Ha4AAbHOU U KOHeYHOU opuenmayusmu opoumost KA cocmaensem edunuupt (uau decamiu) epadycos 6
yenoeoti mepe. Paccmompen cayuaii, koeda koneunas opuenmayus opoumor KA coomeemcmeyem opuenmauyuu opoumst 00H020 U3 cnym-
HuK06 omevecmeennou opoumanvrou epynnupoeku IJTOHACC. [locmpoenyt epagpuku uzmeHeHus KOMROHEHM K8AMEPHUOHA OPUEHMA-
yuu opoUmMAanNbHOU cucmemsl KOOPOUHAM, OMKAOHEHUs. MeKyuie2o noaodcenus opoumor KA om mpebyemoeo, onmumanbHo20 ynpasaerus.
Yemanoeaensr ocobennocmu u 3aKOHOMEPHOCMU NPOYecca ONMUMANbHOU nepeopuenmayuu opoumer KA.

Karoueeoie caosa: kocmuueckuii annapam, opouma, KeamepHuoH, ONMUMU3AYUS, 2eH

1. IlocTanoBKa 3agaum

IIpennonaoxum, 4To BEKTOP YCKOPEHUS U OT TSITH
pPEaKTUBHOTIO IBUIaTesIsi BO BCe BpeMsl YIIpaBJsieMOro
nBrkeHus: KA HarpapiieH OpTOrOHaJIbHO IJIOCKOCTH
ero opoutsl. Tormaa opbura KA Bo Bpemsi yIpaBisieMOro
nBIKeHus 1eHTpa macc KA He MeHsieT cBoeil (popMbl
u pasmepoB. Opobura KA moBopauuBaeTcsi B IIpO-
CTpPaHCTBE ITOJ IEMCTBUMEM YIIpaBJieHUsI KaK Heu3Mme-
Hsiemast (Heaedopmupyemas) ¢urypa. PaccmoTrpum
CJICMYIONIYIO 3afady. ITyCTh HEOOXOOUMO IIepeBECTH

opouty KA, nBuxXeHUE LIEHTpa Macc KOTOPOIrO OIM-
ChIBaeTCsl ypaBHEHUSIMU [1]

2" =210 e,
®y = (ur/c) i + (c/r)is,
0" =c/r,
r=p/(1 + ecosp),

¢ = const
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N3 3aJaHHOT'O HAYaJIbHOI'O COCTOAHUA
t=1ty=0,
¢(0) = oo,
A0) =A@ = A" o (cos(gp/2) + izsin(ge/2)) (1)
B KOHCYHOC COCTOAHME, ITPUHAIJICIKAIIICC MHOFOO6pa31/IIO

t = t* = ? (BpeMsl OKOHYaHUS YIPaBISIEeMOI0O
Mpoliiecca HEM3BECTHO),
o(1%) = o%,
vect] A(t*) o A* o (cos((p*/2) + i3sin((p*/2)] =0 (2)

(uepTa Hajg KBAaTEPHUOHOM — CUMBOJI COIPSIKEHMUS),
C MTOMOIIBIO KYCOUHO-MOCTOSIHHOTO YIIPaBIeHUS

u(®) = (—D)*ugy,,, ecnu thy, < 1< by 4
(k=0,1, .., INT0,5(M — 1));
u() =0, ecnn tyy — 1 < 1< by, (k=1, ..., INT(0,5M)).

3necs INTY(...) — 1ienas yacTh yncia B ckookax, M —
YMCJIO Y4acTKOB ABmzkeHUsT KA.

ITpu 3TOM HEOOXONUMO MUHMMU3UPOBATh 3aTPAThI
XapaKTepUCTUYECKON CKOpocTH [2] Ha IepeopueHTa-
uuto opoutel KA. OTMeTHM, YTO YMCIIO YUACTKOB JIBU-
xeHust KA M nonaraercs 3agaHHbIM. M3BeCTHO, 4TO
B cllyyae TIp¥ MUHMMAaJIU3alM 3aTpaT XapaKTepUcCTH -
YECKOIl CKOPOCTH ONTUMAJIbHOE YIIpaBJIeHUE, KOTOPOe
HAXOOWUTCSI C TIOMOINBIO TIPUHIIATIA MaKCHUMyMa
JI. C. Iloutpsgruna [3], nMeeT MMEHHO TaKOil BHI.

3nmech A = Ay + Ajij + Ayip + A3i3 — HOpMUpPOBaH-
HbIIl KBATEPHUOH OPUEHTALIMU OPOUTATIBbHOM CUCTEMBI
KOOpIMHAT M B MHEPIIUAIBHOMN cHCTeMe KoopauHaT X
(oCh 1| 3TO¥ CUCTEMBI KOOPAWHAT HaIpaBjieHa BIOJb
panuyca-BekTopa r ieHTpa Macc KA, a och n3 mepreH-
IVKYJISIpHA MJIOCKOCTU OPOMTHI); ij, iy, I3 — BEKTOp-
Hble MHUMBbIC €IMHUILIBI [aMUIbTOHA; © — CHUMBOJ
KBaTepHUOHHOTO YMHOXEHHMSI, BEPXHSIS TOUKa O3HAYaeT
MPOU3BOAHYIO IO BpeMeHUu #, nuddepeHLMpoBaHe
BBITOJIHSIETCS B MPEATIOI0XEHU HEU3MEHHOCTH Be-
JINYMH iy, iy, i3; @ — UCTUHHAA aHOMaNIUA (YTOJI MEXIY
I U paguycoM-BeKTOpOM IepulieHTpa opoutel KA),
9Ta IepeMeHHas xapakTepusyeT mojoxeHue KA Ha
opoure; r = |r|; p U e — mapaMeTp U SKCUEHTPUCUTET
OpOUTHI; ¢ = |rXdr/dt| — mocrositHHast TUTOILANEH; U —
ajgrebpanyeckasl BeJUYMHA PEaKTUBHOIO YCKOPEHUS;
A = Ay + Aji; + Ayiy + Asi; — KBaTEpHUOH OpHEHTa-
unn opoutel KA; ug,r € {—Umaxs Umax) — 3HAYEHUE
yIpaBieHUs Ha IEPBOM yYacTKe aKTUBHOTO JBHUKEHUS
KA: Ay = t; — t} — | — UCKOMBIE BEJINUUHBI ([UIATEIb-
HOCTH y4aCTKOB aKTMBHOTO ABIKeHMST KA).

M3BecTHO, 4TO KBaTepHUOH A MOJIydyaeTcsl U3 KBa-
TEPHMOHA OPUEHTALIMU OPOUTATBLHON CUCTEMbl KOOP-
IWHAT C TIOMOIIBIO ITOBOPOTA

A = A o (cos(¢*/2) — issin(g*/2).

B nanHOI 3amaye U3BECTHHI ¢, P, €, ¢, a TAKXKE Ha-
yaJbHOE W KOHEYHOE 3HAUeHUsI KBaTepHUOHA OpUEH-
Tauuu opoutsl KA. Heobxonmumo HallTH JIMTEIbHOC-
TU y4aCTKOB aKTUBHOIO ABMXeHMST KA.

Beengem Oe3pa3mepHEIe IepeMeHHbIE 110 (hOpMyIaM
r= Rrb, t= Ttb, u= umaxub. 3nech R — xapakTepHoe
paccrosiHue (BeluMuyuHa, OJNM3Kas K IJMHE OOJbLION
noJjiyocu opoutsl ynpasnsgemoro KA); 7= R2/ c — xa-
pakTepHoe BpeMsi. KOMMOHEHTbl KBaTepHUOHA OpU-
eHTauun opoutel KA A; siBsitotcst 6e3pasMepHbIMH.
ITocne sneMeHTapHbBIX MpeoOpa3oBaHuii cucreMa a-
30BbIX YpaBHEHUI NIpUMET BUI [4]

W =240 e
o? = (NubP)i; + i3; (3)
0" = ("7

=10+ ecosp).

3necb N = LtmaxR3’/c2 — XapaKTepHbIii 6e3pa3mep-
HBII TTapaMeTp 3amadymu.
OrpaHuyeHue 10 YIPaBIeHUIO B 6e3pa3MepHOM BUIIE:

—-1<ub<.

2. AropuTt™ pelmeHus 3aaa4n

Panee B paborax [4, 5] mocTaBieHHas 3amada pelia-
Jlach ¢ momolibio npuHiuna makcumyma JI. C. TToHT-
psaruHa. B pe3ynbrate pUMeHEHMS TPWHIIMIIA MaK-
cuMyMma ObUla TIoJlydeHa KpaeBasl 3agaya ¢ MOIBUXK-
HBIM IPaBbIM KOHIIOM, KOTOpasl peliagach YUCIEHHO C
IIOMOIIIbIO UTEpaLIMOHHOro MeToaa [6]. K coxanenuio,
B BTOM 3a/aue He HalieHbl (hOPMYJIbI 111 HAXOXKACHMUS
HEU3BECTHBIX HadyaJbHbIX 3HAUYEHUN COMNPSKEHHBIX
rnepeMeHHbIX. [1py 3TOM HayaabHbIe MPUOIVIKEHUS 151
3HAYEHU I COMPSKEHHBIX MEPEMEHHBIX MIJIOX0 CXOJSITCS
K TeM 3HAYeHMSIM, KOTOPbIE NOCTaBJSIOT HYJIU (YHK-
IMSIM HeBSI30K. MTepalimoHHBIE METOIBI MOCTOSHHO
MOMAafaloT B JIOKAJTbHbIE MMHUMYMbI (DYHKIIMI HEBSI-
30K. B Hacroslleil cTaTbe IMOCTPOEH 3BOJIIOLMOHHbIN
aJiITOpUTM pellieHUus1 3Toil 3agauu. [lpu nmpumMeHeHUU
3TOro aJIrOpMTMa He HYXXHO MCKaThb HayajbHble 3Ha-
YEHUSI COIPSLKEHHBIX ITepeMeHHbIX. [1omoOHbIe MeTOIbI,
OCHOBaHHbIE Ha MCKYCCTBEHHOM WHTEJIEKTe M Ma-
IIMHHOM OOYYeHUU, PaCCMOTPEHBI, HAIlpUMep, B pa-
6otax [7, 8]. OnuieM OCHOBHBIE 3Tambl 3BOJTIOIUOH-
HOTO ajiropuTMa, cjieaysl kHure [9].

Hanee Oyaem paccMaTpuBaTh CIydaii, Korja opoura
KA siBsieTcst KpyroBoii, npu atom e = 0, a £ = 1. O1-
METHM, YTO OpPOWUTHI CIYTHUKOBBIX TPYIITMPOBOK
I'’'IOHACC n GPS 6113k K KPYroBbIM.

BHauane HeoOxXoaMMO CaydyaiiHbIM 00pa3oM CreHe-
pUpoBaTh MOMYJISLNIO U3 N,y NMPOOHBIX pELIEHU
(ocobeit), Kaxaoe U3 KOTOPBIX IPeACTaBJsieT COOOo
Habop u3 M BeulecTBeHHBIX uncell. IIpu aTom BMecTo
BEILECTBEHHOIO YMCIa A; B MAMATU XPAHUTCS LEJI0e
ancno u,™ (remn), (0 < u,™ < 2L — 1). Casi3b Mexay
MCKOMBIM BEIIECTBEHHBIM YHCJIOM U TE€HOM JaeTcs
dopmymnoit

A = ATmax”kim/(zL =1,

rie AT — 3aJaHHasi MaKCUMaJIbHAs JUTMTEIbHOCTD
aKTMBHOIO y4yacTKa IBrKeHus KA.
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Ha BTOopoMm 1iare ajaroputrma s Kaxmoil ocobu
HaxoIMTCs 110 u3BecTHOM popmyiie [10]

AMt) = Mt — 1) © (cos(0,50A;) + o lsin(0,50A)0?);(4)
o = (N’ + i3, 0 = |0’

3HAYeHNE KBATEPHMOHA OPHEHTALIMM OPOUTATHLHOM
CUCTEMBbl KOOPIWHAT MpU ¢ = t* = {3, C HAYAUIbHBIMU
yciaoBusiMu (1) (ympaBiaeHue 3agaeTcs BbIOpaHHOI
xpoMocomoii). B kauecTBe 3HaueHUsST DYHKIIUMU TIPU-
CHoco0JIeHHOCTH (Lie/IeBOi (DYyHKIIMK ) OepeTCsl MOy b
JIeBOI yacTu cooTHoleHus (2). Kak n3BecTHO, MpUH-
LIWTT €CTECTBEHHOTO OTOOpa 3aKJTI0YAETCSI B TOM, UTO B
KOHKYPEHTHOI 60pbOe BbIXMBAET HauboJiee MPUCIIO-
cobJieHHast oco0b. B HallleM citydae, yeM MeHbIIIe 3Ha-
YyeHue 1eJieBoil (hyHKIIMU, TeM 0ojiee MpUCHoCcCO0IeH-
HOI sIBJIsIETCSI 0COOb, T. €. MPOOHOE pellleHUe, UCTIONb-
30BaBIIIEeCs B KAUECTBE apryMeHTa 1IeJIeBOM (DYHKITUU.
Ecau Ha 5TOM 11are Juisi HEKOTOpO 0cOOU 3HaUYeHUE
LeJeBoi (YHKIIMM MEHbIe Hamepen 3aJaHHOTO Ma-
JIOTO YMCJIa &, TO BHITIOJIHEHNWE aJITOPUTMA 3aKaHIMBa-
€TCsl, a yIpaBJIeHUE, COOTBETCTBRYIOIIEE TAHHOI 0CO0U,
BbIAAETCSl B KaUeCcTBe pelleHus 3anaun. Ecam xe npe-
BBIIIEHO MaKCHUMAaJIbHOE YMCIIO WTeparuii Nitliix, TO
B Ka4eCTBEe PEIICHUS 3aJadyd BEIIAeTCs YIIpaBIICHUE,
COOTBETCTBYIOILIEE OCOOM C MUHMMAJIbHBIM 3HAUeHUEM
1eeBoi (pyHKUMU.

Ha TtpeTbeM 1iare ajaropurma oTOpachiBaeTcsl IO-
JIOBUHA oco0eii, MMeIoIIX Haubombiiue (XyAllIue)
3HauUeHUs lieJieBol (pyHKuUMU (Mpearoaraercs, 4To
YHCIIO 0CO0EN N,y SABISIETCS YETHBIM). 3aTEM IPOBO-
JIUTCS CKpelllMBaHUEe 0COO0M ¢ HAMMEHBIIMM 3Ha4YeHU -
€M IIeJIeBOI (PYHKIIMM CO BCEMU OCTaJIbHBIMH, B TOM
yucae U ¢ caMoii coboii. B kauecTBe omepaTtopa ckpe-
IIMBaHUS OBLI BBIOpAaH METOM IIPOMEXYTOUHOU pe-
koMOuHauuu [9]. [ToToMKY co3naroTcs Mo cleayolle-
My INpaBuUIy:

IMoromoxk = Pomurensl + a(Ponurens2 — Pomutensl).

3pech oo — cirydaiiHoe urcio Ha otpeske [—0,25; 1,25].

U1 KaXa0ro reHa co31aBaeMoro MmoToMKa BbIOM-
paeTcs OTOeIbHBIM MHOXUTEND o. [1oydeHHbIe TeHBI
MOTOMKA OKPYIJISIIOTCS A0 OMVMKANIIMX LEIbIX YhCe,
sexaimx Ha orpeske [0; 2L — 1]. B pesysnbrare mosny-
yaeTcsd HOBask MOMyJISIUUs U3 Ny, OCOOEN.

Ha yeTtBeproMm 1are ajropuT™Ma BBIYUCIISIETCSI CpPEll-
Hee 3HaYeHMe 1ieJIeBOM (DYHKIIUU IS TTOMYJISILUH, T10-
JIyueHHOU Ha TpeTbeM luare. Eciu oHo OoJblie, yem
cpenHee 3HayeHMe 1eaeBON (DYHKIMU, BHIYUCIEHHOE
Ha BTOPOM IIlIare, TO OCYLIECTBISETCS MyTallMsl 0COOei
B TIOMyJISIIAK. 71T 5TOTO TeHBI BCeX 0cOoOeit 3ammchl-
BalOTCSl B IBOMYHOM BUIE (HA KaXIblli T€H OTBOAUTCS
POBHO L OUT) M ¢ BEPOSATHOCTBIO Py, € (0; 1] mpoBo-
IATCS WHBEPTHPOBAHWE CIyJalfHBIM OOpa3oM BBHI-
OpaHHOro OMTa KaxIoro reHa. 3aTeM OCYIIEeCTBIISIETCS
BO3BpaT KO BTOPOMY IIIary aJropuTMa.

OTMETHM, YTO OTIMCAHHBIN aJITOPUTM HEOOXOIMMO
MPUMEHSITh HEOTHOKPATHO IS Pa3HbIX HayaJbHbIX
nonysinuii. IIpu 3ToM OymeT MOJMy4eHO HECKOJbKO
pelIeHnit, 13 KOTOPBIX HEOOXOMMMO BBIOpATh TO, KOTO-

poe COOTBETCTBYET MEePEOPUEHTAIINA OPOUTHI C MEHb-
ITMMHU 3aTpaTaMM XapaKTepPUCTHUECKON CKOPOCTH.
3. IIpumepsl YHCIEHHOTO peHIeHns 3aAa4u

7151 YU CIEHHOTO pellieHUs TOCTaBJAEHHOM 3a/1aUM C
MOMOILbIO ONMMCAHHOIO BBIIlIE aJropyMTMa Oblla COC-
TaBJieHa IporpamMmMa Ha s3bike Python.

BennuuHbl, Xapaktepusyoluue (GopMy, pasMepbl
opouthl KA, HauaibHOe U KOHeuHoe MojioxkeHus KA
Ha opOuTe, HAYATbHYIO U KOHEYHYIO OPMEHTALIMU Op-
outsl KA, nosmaranuce pasHbimu [11] (a,, — 6oabuias
MOJyOCh OPOUTHI):

a,r = 25 500 000 M, t,, = 0,101907 M/c?,
N = 0,35, ¢y = 3,940323 pan;

a) HavaJibHasl opueHTalus opoutsl KA:
Ay = 0,679417, A] = —0,245862,
AY = —0,539909, AJ = —0,353860;

Ay = 0,061834, 1) = —0,451574,
2y = 0,457556, 13 = 0,763545;

KOHeuYHasi opueHTalus: opoutel KA:
e eapuanm I (Majoe omiMuue B opueHTalmsIx opout KA):

A = 0,678275, AT = —0,268667,
A3 = —0,577802, A} = —0,366116;

e gapuanm 2 (00Jb1IOEC OTIMYKME B OPUEHTALIUSIX OpP-
our KA):

*
Ay

—0,440542, A%
—0,125336, A%

—0,522476,
—0,719189;

A

o eapuanm 3 (0OJBLIOE OTIIMYME B OPUEHTALIUSIX OP-
our KA, TTIOHACC):

Ay = —0,255650, A}

A% =0,510674, A3

—0,162241,
0,804694;

0) HauajbHas1 opueHTalusi opouThl KA:

AJ =10,235019, AY = —0,144020,

AY =-0,502258, A3 = 0,819610;
0 _ 0 _

Ay = —0,663730, 1 = 0,518734,

A9 = —0,062608, 2. = —0,535217;

KOHeYHasl opueHTanus: opoutsl KA:

e gapuanm 4 (Majloe OTJIMYUE B OPUEHTALUIX OpOUT
KA, TJIOHACC):

A% = —0,255650, AT = —0,162241,
A% =0,510674, A% = 0,804694.
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Puc. 1. Kpyrosas opoura, Bapnant 1, M = 5:

a — KOMIIOHEHTbI KBATEPHUOHA OpUEHTALUU OPOUTAIBHON CUCTEMbl KOOPANHAT;
6 — KOMIIOHEHTbI KBaTepHUOHA opueHTaluu opoutsl KA; ¢ — oTKIIOHEHUE Opu-
€HTaLlMK OPOUTHI OT TPeOyeMOil; ¢ — ONTUMAIbHOE YIPaBJIeHUE

0N/ N ‘
D = AWA
055N

B ot i et et et et

err
1

0.8
0.6
0.4
0.2

Puc. 2. Kpyrosas opoura, Bapuant 2, M = 11:

a — KOMITOHEHTbI KBaTepHUOHA OPUEHTALIMM OPOUTAIBHOI CUCTEMbl KOOPAMHAT;
6 — KOMITOHEHTBhI KBaTE€pHUOHA OpHeHTaluu opouThl KA; 6 — OTKIOHEHME OpH-
€HTaLUU OpOUTHI OT TPeOyeMoii; ¢ — ONTUMAaIbHOE YIpaBlieHUE

err U=
oo
03 Of ==
0.25 T —
0 I S O O N S

Puc. 3. Kpyrosas opoura, Bapuant 3, M = 17:

a — KOMITOHEHTbl KBaTEPHUOHA OPUEHTALIMU OPOUTAIBHOI CUCTEMbl KOOPAMHAT;
6 — KOMITOHEHThI KBaTepHUOHA OpHeHTalUMU opOuThl KA; 6 — OTKIOHEHHE OpH-
EHTalMU OpPOUTHI OT TPeOyeMoii; ¢ — ONTUMAJIbHOE yIpaBlieHUE

Macimrabupymoimme MHOXWTEIN paB-
Hbl: R= 26 000 000 M, 7= 9449,714506 c.
OHM COOTBETCTBYIOT 3HAYEHMSM AeKAPTO-
BBIX KOOPIMHAT W TIPOEKIMWil BeKTOpa
ckopocTu 1eHTpa Macc KA, mpuBeneH-
HBIM B KHure [12].

OTMeTuM, YTO B BapuaHTax 1, 4 oTiu-
yye OpUEHTAIMii OpOUT IO JOJTOTE BOC-
XOJSIIEro y3/a, HaKJIOHY, YIJIOBOMY pac-
CTOSTHUIO MEePUIIEHTPA OT y3J1a COCTABIISIET
eIMHUIIEI TPAIyCOB; a B BapMaHTax 2, 3 —
JIECSITKU TPAIyCOB B YIJIOBOI Mepe. B TpeTh-
€M M YETBEPTOM BapraHTaX KBaTCPHUOH
KOHEYHOM opueHTanuu opoutsl KA coot-
BETCTBYET OPMEHTALIMM OPOUTHI OMHOTO 13
CIYTHUKOB OT€YECTBEHHOII OpOUTAIbHOMI
rpynnupoBku INTOHACC.

[MapameTpbl TEHETUYECKOTO aJTOPUT-
Ma MoJjiarajyuch paBHbIMU:

L =40, Ny = 10 000, ppyr = 0.9.

Ha puc. 1—4 npuBeaeHbl pe3yabTaThl
pelleHus 3a1a4y ONTUMAIbHOM Tepeopu-
eHTaluuu KpyroBoit opoutsl KA nis1 Bapu-
aHtoB 1—4. 3aech

err = err(f) =
=|vect[A(t*) o A*o(cos((gg + 1)/2) +
+ issin((pg + 9/2)].

B xome uncieHHOro pelieHus 3agadyu
ObLIO YCTAaHOBJIEHO, YTO MPU CMEHE 3HaKa
yIIpaBJIeHUS Ha TIEPBOM YYacTKe aKTUB-
Horo aBwxeHus: KA (a Takxke mpu yBeiau-
YEeHWU YCJIa aKTUBHBIX YYACTKOB JIBIKE-
Hus KA) 3aTpaThl XapaKTepUCTHUYECKOM
CKOPOCTM Ha MEePEeOPUCHTALUIO OPOUTHI
KA yBenuumBaiorcsi. OTMETUM, YTO MC-
MOJIb30BaHUE aHATUTUYECKUX (hopmya (4)
BMECTO YHCJIIEHHOTO WHTETPUPOBAHMUS
ypaBHeHMi (3) metomoM PyHre—KyrThl
MO3BOJISIET 3HAYUTEJIBHO YCKOPUTh PaboTy
anroputma. [lpu coxpaHeHUU IIpHeMIIe-
MOW JUIMTEILHOCTU DPAbOThI MPOrpaMMbl
CTAHOBUTCSI BO3MOXHBIM Ha HECKOJIbKO
MOPSAKOB YBEJIMUUTD YHCIIO OCOOEH B ITO-
MyJsiliuyd 1 ObICTpee HaillTu pellieHue 3a-
Jayn. OTMETUM TaKKe, YTO JTUTEIbHOCTH
BTOPOTO U TPETHErO YYACTKOB ABVKEHMS
KA B pacuerax aj1s1 BapuaHTa 4 Ha IBa Mo-
psaKa MeHble IJIUTETbHOCTE OCTallb-
HBIX y4acTKOB. B TO e BpeMs MOJIy4UThb
pellieHWe 3aJadyd C MEHBIIMM YHCJIOM
yuacTkoB aBrxeHus: KA He ynanock. Tak-
K€ ObLIIO YCTAHOBJIEHO, UTO IJIUTEJIbHOCTD
nepeopueHTauum opoutsl KA njst BTopo-
ro U TPEThero BapUaHTOB TPAHUYHBIX YC-
JIOBUIi OOJibllIe, YeM B Cllydyae Majloro oT-
Jquuus B opueHTauusax opout KA. bosee
TOrO, 0Ka3aJoCh, YTO PELIUTh 3amaudy C
MOMOIIBIO TPEIJIOXEHHOTO aJIfOpUTMa
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Ipoue B Ciay4dac, Korga HadaJbHasd M KOHCY-

Hast opouthl KA OGaM3KU Ipyr K Ipyry.
B manbHeiiieM npeamnoiaraeTcss Moaugu-
LIMPOBaTh OMUCAHHBIN B CTaThe 3BOJIOLMOH-

HbIl QJIrOpUTM TaK, YTOOBI ONTHMAaJbHOE
yuCI0 ydyacTKoB nBuxXeHuss KA ormpenens-
JIOCh B XOJI¢ pelleHUs 3aJauu.
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The problem of optimal reorientation of spacecraft orbit is considered in quaternion formulation. Control (jet thrust vector
orthogonal to the plane of the orbit) is limited in magnitude. It is necessary to minimize the costs of characteristic velocity for
the process of reorientation of the spacecraft orbit. To describe the motion of the spacecraft center of mass quaternion differ-
ential equation of the orientation of the orbital coordinate system was used. The actual special case of the problem, when the
spacecraft's orbit is circular and control equals to its maximum (in modulus) value on adjacent parts of active spacecraft motion
(there are also parts of passive motion of the spacecraft), was considered. Various iterative methods (Newton's method, gradient
descent method, etc.) are often used to solve boundary value problems obtained as a result of the maximum principle. There
are no formulas for finding unknown initial values of conjugate variables. Original evolutionary algorithm for finding the tra-
Jectories of spacecraft fastest flights is built. In this case the lengths of the sections of the spacecraft motion are unknown. This
method does not require any information about the unknown initial values of conjugate variables. The high speed of operation
of the proposed evolutionary algorithm is achieved through the use of existing in this case, a known analytical solution of equa-
tions of the problem. Examples of numerical solution of the problem for the case when the difference between the initial and
final orientations of the spacecraft's orbit equals to a few (or tens of) degrees in angular measure, are given. Also the case was
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considered when the final orientation of the spacecraft's orbit corresponds to one of the satellites of Russian GLONASS orbital
grouping. The graphs of components of the quaternion of orientation of the orbital coordinate system, the deviation of the cur-
rent position of the spacecraft's orbit to the required and optimal control are drawn. Specific features and regularities of the
process of optimum reorientation of the spacecraft's orbit are given.
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