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racy. This goal is achieved by developing a new method for synthesizing intel-
ligent systems based on the superposition of pre-trained (support) models in the
form of neural networks that reflect the basic properties of the object. The sci-
entific novelty of the work lies in the development of a method for identifying
nonlinear dynamic objects in the form of neural networks with time delays
based on a set of pre-trained neural network models that reflect the basic prop-
erties of the subject area. In contrast to the traditional approach to pre-training,
the developed method allows building models of lower complexity and with
shorter training time while ensuring the required accuracy. To determine the in-
itial parameters of the model, expressions based on the superposition of refer-
ence models in the form of neural networks are proposed. The practical utility
of the work lies in the development of an algorithm for the method of reference
models for training neural networks with time delays, which can significantly
reduce the training time of neural networks without losing model accuracy.

Key words: nonlinear dynamics, identification, time-delay neural net-
works, pre-training.
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®OPMYBAHHA TPAEKTOPII KEPOBAHUX
JIITAJIbHUX ANAPATIB

Ha nmanmii gac BiI3HAYA€THCS IiIBUINEHHAN 1HTEpEC IO CTBO-
PEHHsI CHCTEM YNPAaBJIiHHS MHOJLOTOM OE3MiIOTHOTO JiTaJbHOTO
armapaTta, ska 0 3 BpaxyBaHHSM peaJbHHX YMOB yOe3meuyBayia O
HOTO TpaeKTOPilo 1 M caMUM BH3Ha4aia O eEeKTUBHICTH 3aCTO-
CyBaHHsI JliTanpHOTo anapara. Hasirarist jitansHOro anapary, 30K-
peMa GaliCTUYHUX KPUJIATHX pakeT, NoTpedye GpopMyBaHHS BHCO-
KOTOYHOT'O YIPABIIHHSA VISl JOCSTHEHHS K KiHIIEBUX PE3YNbTATiB,
TaK i JOKaJbHUX ONTHMI3alLliifHUX 337a4 HAa KOKHOMY 3 €TaIliB I10-
JBOTY: CTapTi, BUXOJI Ha 33a1aHi TPAEKTOPii, MAaHEBPYBaHHI TOLIO.

Po3poOka momycTHMOro YHpaBIiHHS Ta WOTO ONTHMIi3allis
KOMII'IOTEPHO-MAaTEeMaTHYHUMH METOJaMH MOJETIOBAaHHS 1 ONTH-
Mi3alii € TPyJOMICTKMM MPOLECOM i BUMAarae 3HauHUX BHUTpAT pi3-
HUX BUMIB pecypciB. EneMeHTOM epeKTHBHOCTI TAKOTO MaTeMaTH-
YHOTO anaparty s TapaHTyBaHHS Ta MiIBUIIEHHS HAIIHOCTI 1 pe-
3yJITaTUBHOCTI B TOCSITHEHHI OCTABJICHOT I[iJIi MOCTAE MIBUAKO/ISL
B pO3paxyHKax II0, B CBOIO 4epry, moTpedye 3a0e3neueHHs CIpo-
IIEHHST MAaTeMaTHIHOI MOJENI IUITXOM OJIep>KaHHS (pYyHKI[IOHATb-
HHX 3aJIe)KHOCTEHl JUIsi OOUYHCIICHHS TPAEKTOPIT MOJILOTY YHUKAIOUH
CKJIQ[IHUX MaTEeMaTHYHHUX PO3PaXyHKIB.
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ITponioHyeThCsl MaTEMaTHYHY MOJENb Ul BUPILICHHS 3aBJaH-
HsI TIPOTHO3YBAHHS HaBiramii U TaKuX CKIQIHUX KEPOBAHUX CHC-
TEeM IPOBOJUTH 3 BHUKOPUCTaHHSIM [BOX KOOPAWHATHHX CHCTEM:
craproBoi Ta mBHAKiCHOI. [Ipmyomy, yci po3paxyHKH BeKTOpa
HIBUIKOCTI, 10 3aJICKUTh BiJl pIBHOAIIOYOI TPHOX aepOANHAMIYHUX
CHJI, AIKi JIIOTh Ha JITAIBHHUN amapar, 3M1HCHIOBATH y IIBHIKICHIN
CHCTEMi KOODAMHAT a IIOKOOPAMHATHE YIPABIIHHSA IOJbOTOM Ha
BCil IMHAMIYHIN TpaeKTOpii BU3HAYATH Yy CTAPTOBI CHCTEMI.

KirouoBi cioBa: nimansnuii anapam, nasicayis, mpackmopis,
oonycmume ynpaeiiHHs.

Beryn. [Ipobremam po3poOKH BUCOKOTOYHHUX CHCTEM 3aILyCKy, HaBi-
ramii, yIpaBIIiHHS Ta HaBEICHHS Ha IIUJIb KEPOBAHMX JTAIbHUX amapaTiB
NPUCBSIYEHO YMMAIO (YyHIAMEHTAJIbHUX AOCIIKEeHb. 3aciIyroByIOTh Ha
yBary, 30kpema, poboru [3-6].

B 1mx nmpariix KoMIT I0TepHO-MaTeMaTHYHI METOIM MOJICITIOBAHHS 1 OII-
THMi3awii TOCTar0Th e)EKTUBHIM allapaToM UIsl TapaHTyBaHHS Ta ITiBUILCH-
Hsl HAJIMHOCTI 1 pe3ysIbTaTUBHOCTI B JIOCSATHEHHI LTl X CKJIaJHUX KepoBa-
HUX CHMCTEM. IX MaTeMaTMyHa MOJeb Tependadac 3ajesKHiCTh TPaeKTOpil
armapaTy BiJ KyTiB aTak¥l i KOB3aHHS, BiJ] IIBUAKICHAX HATIOPIB, BiJl CUIIN TSATH,
MacH Ta TepMoz(HHaMquHx napameTpiB arMocQepu, sKi BIUTMBAIOTh HA BEJIH-
qHHY HIBUJIKICHOTO HAropy, Ha BENHIMHY TATH Ta aepoMHaMIYHUX Koeilli-
€HTIB. bibLIiCTh MapaMeTpiB 3a1a0ThCS TAOINYHUMH q)yHKm;IMH

OIHi€r0 3 OCHOBHHX 331a4 MOJICTIOBAHHS AWHAMIYHHX CHCTEM IOCTa€E
3a/ia4a TapaHTYBAaHHSA OE3IIEYHOTO IOJBOTY I OE3MiIIOTHOTO KEPOBAHOTO
JITAIBHOTO arapaty. [HIIMME ClIoBaMH, iHTepeC CTAaHOBUTH 3a/1a4a MoOyI0BH
Takol TPAeKTOpil MepeMillleHHs arnapaty, sika O 3 BpaxyBaHHSAM PEaTbHUX
YMOB 3a0e3neuyBaia 0 JOCSITHeHHS TOCTaBJICHOT TIepe/] arnapaToM L.

MeTo10 poOTH € JOCTIHKESHHS MIePeyMOB T 3a0e31eYeHHS 3pYIHO-
CTi (hOpMyBaHHS Ta AJCKBATHOCTI MOJIENI BiIOOPaXKEHHS AUHAMIKH TOJIBOTY
KEpOBAHOTO JITAJILHOTO arapary, 0B sI3aHUX 13 CHCTEMaMH KOOP/IMHAT.

BinmoBigHO 10 THITY JITadbHOTO amapaTy JUisi MOOYIOBU Ta JTOCTi-
JUKEHHSI TPAEKTOPIi MOXYTh BHKOPHCTOBYBATHUCS JIEKIIbKA CHCTEM KOOp-
JIMHAT Pi3HOro npu3HadeHHs. Ha BiaMiHY Bifi MOAENIOBaHHS TpaeKkTopil
HEKEPOBAHOTO arapary AJIs aHalli3y MOJeli 3 KepOBAaHUM amapaToM Ham
He 001fTHCS JIHIIIe OHIEI0 CUCTEMOIO KOOPIUHAT.

[Ipu crapri, 3a3BHYal, JUII OMUCY PyXy HEHTPa Mac JiTAIBHOTO ara-
paTy BHKOPHCTOBYIOTH CHCTEMY KOOPIMHAT, TOB’s3aHy 3 3emiero. Jlo
TaKUX CHCTEM BIJJHOCATh CHCTEMH KOOPAMHAT, 1[0 MAalOTh CBil MOYATOK,
a60 y neHTpi 3eMiti, a00 y JesKil IHIIH TOYI Ha MOBEPXHi (UM HA JCSKIii
BHUCOTI HaJl IOBEPXHEI0) 3eMITi.

TyT nast 06UMCIIEHHS TPAEKTOPIl KEPOBAHOTO JIITAILHOTO anapary i3
3aJ]aHNM KepyBaHHSIM BUKOPHCTOBYETHCS 1HEpLiiiHA (CTapTOBa, HOYAaTKOBA
1 iHmi Ha3BM) cuctema koopauHaT OXYZ i3 moyaTkoM KOOPAMHAT y TOYII
crapty (Ha moBepxHi 3emii), Biccro OX HanpaBJICHOIO HA JIIHIIO TOPU30HTY
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y HanpsIMKy Ha BUOpaHy [Tk (Ha TepMiHaJbHY TOYKY), Biccto OY Hampas-
JICHOIO BEPTHKAIBbHO BBepX 1 Biccto OZ, sKa JOMOBHIOE IHEPLIHHY CHCTe-
My KOOPIMHAT JI0 IIPABO1 CHCTEMH.

CucteMn KOOpIUHAT, IO 3B'A3aHi 3 3eMJICIO 1 IOYAaTOK SIKUX 3HAXO-
JUTBCSI Ha TMOBEPXHI 3eMill, OTpUMalM Ha3By TOIOLEHTPUYHI CHCTEMH
KoopauHaT. BoHM Haiikpamie MiAXOOATh UL JOCIHIKEHHS MOBEIIHKH
KpPHJIATHX paKeT, 30KpeMa, Patriot, Ickannep Tomo.

3a3HauMMo, M0 BiMCHKOBI (haxiBIi HAIAIOTH MEpeBary He MPSIMOKYT-
Hil a MoJSIpHIN cuctemi KoopanHaT. CXeMaTUYHO Take MOJIaHHS HpescTa-
BJICHO Ha PUCYHKY 1. HampsMHUM BEKTOPOM TOJI BUCTYIA€ BEKTOP LIBHUA-
kocti O1D, kyToM BinxuineHHs B muoniuHi ctpineou XOY Oyzne KyT aTaku
0, KyTOM BiAXHIeHHs B IiomuHI ropuzonty XOZ Oyne KyT KOB3aHHS Y.

Ha nacuBHi# IUISHII TpaekTopii IpH PO3B’sI3aHHI AESKUX 3a1ay I10-
JBOTY JITAJBHUX aNapaTiB MPOMOHYEMO BUKOPHUCTATH T€OLICHTPHYHY ILIO-
CKy (TOJISIpHY) CUCTEMY KOOpAMHAT. 3a i JOMOMOTOI MOXKHA OfiepiKaTH
(hyHKIIOHATBHI 3aJIE)KHOCTI I OOYHCICHHS TPAEKTOPIl MONBOTY yYHHKA-
I0YM CKIIQJHUX PO3paxyHKiB. PazoM 3 TuM, sk mokasye nepedir 60HoBHX
Iili, TacMBHA TPAEKTOPiA (PaKTUYHO HE BUKOPUCTOBYeThCs. Ilim gac mo-
JBOTY JITANBHI anapary, 3a3BU4ail, MOCTIHHO MaHEBPYIOTb.

A D
Y

v

z

Puc. 1. Tonoyenmpuuna novamkosea (cmapmosa, inepyiiina) cucmema KoopouHam

TonoueHTquHi CHCTEMHM Haivacriiie BHKOPHCTOBYIOTH mijg yac Jo-
CII/DKEHHS PyXy JITAJIbHUX amapariB Ha AKTHUBHIN IUISHIT TpaeKTopn
BapTto 3ayBakuTH, 110 MicIle cTapTy He 000B’SI3KOBO ITOBHHHO CITiBIIAIaTH
3 TMOYAaTKOM KOOPIMHAT TOMOLEHTPHUYHOI CUCTEMH BimiKy. IIpu crapTi 3
JITaKIB YU MiBOJHUX YOBHIB CHCTEMa KOOPIMHAT Oepe CBill MOYaTOK Ha
noBepxHi 3emii (1€ 3pydHime Ui JOCTIKEHHS TPaeKTopil MOJBOTY), a
cTapT BimOyBaeThes i3 3MmimeHHsM 1o oci OY. II[o6 He yckiamHIOBaTH
PO3paxyHKH, TIOB’s13aHi 3 MOJIIPHOIO CHCTEMOIO KOOPIUHAT, BBOJSATH 3HA-
YeHHS MapaMeTpa BHCOTH IOJBOTY Ha cTapTi. Tak HaBiTh NMPH CTapTi BH-
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IIe3ralaHuX KPUIIATHX PaKeT THIy 3eMIs-3eMis BucoTta ctapty h ~ 8 wm
(0OUMCITIOETBCS. 3 MOMEHTY BUXOJy LIEHTPY Mac pakeTH 3a MEeXi MiATpu-
MYIOUYHX eJIEMEHTIB (0aI0K) CTapTOBOI YCTAHOBKN).
JluHamika pyXy XapakTepU3YeTbCsl HAsBHICTIO BEKTOpa IIBHAKOCTI
(Vx, Vy, Vo) = (X, ¥,2) . Y cTapToBiii cHCTeMi KOOPIMHAT BiJpa3y OICPKYEMO
TEePII CMiBBITHOIICHHS JJIsI TOCHIKEHHS MOJIbOTY JIITATLHOTO anapary:
Vx= %X = 0B = 0C-c0sd= OD-cosy-cosd=\V cosdcosy,
Vy=y =BC = 0C-sind= OD-cosy-sind=V sin@cosy,
V;= 7z =-DC =-0D-siny=-V siny.
3HaveHHs 3MiHHOI V BU3HAYae BEIMYMHY MEPEMIleHHS MaTepiajib-
HOI TOYKH 3a MEBHUH MPOMIDKOK 4acy (TYT MUTTEBA MIBUIKICTh NOAAETHCS
Yyepe3 MOXiHY BiJ MepeMillleHHs 10 YacoBill 3MiHHIH).
[icnsa crapty miTanpHOTO amapaTy (GakTHIHO BCIO HACTYIHY poOoTy
3 MaTeMaTHYHOIO MOJEIUTI0 HEOOXiTHO ITOB’SI3yBaTH 3 IIBHIKICHOKO (iM-
MyJIBCHOIO, AMHAMIYHOIO) CHCTeMOI KoopauHat. Okpemi 3amadi (erarm)
MOJNBOTY MOXYTh AOCIIDKYBaTHCS B iHIIMX cHUCTeMax (HalpuKiIai, TpH
aHali31 PO3CiOBaHHS TOUOK MAIiHHA OOETOIOBOK PAKETH).
[IIBuakicHa cucTeMa BiIUTIKY — [ie TIpaBa NPsIMOKYTHA CHCTEMa KOOPIH-
HaT, 32 JIOTIOMOT'OIO SIKOi BU3HAYaIOTh TPAEKTOPIIO HOJBOTY JITAIBHOTO, TIPH
BpaxyBaHHI BILIMBY Ha HHOTO PIBHOMIFOUMX aCPOIMHAMIYHOT CHITH, CHJIA TATU
JIBUT'YHA Ta CHJIM 36MHOTO TSOKIHHS Y IIUTBHUX IIapax atMochepu.
INovaTok Bi/UTIK Y MIBUAKICHOT CHCTEMH KOOPAMHAT 30ira€ThCs 3 ICHT-
POM Mac JITAILHOTO amapary, a HampsM ii oceil — 3 HampsMOM CKIIaJIOBUX
MOBHOI aepoauHaMiuHoi cuii. Bick OX HIBUIKICHOT CHCTEMH CIIPSIMOBYIOTB
B3/I0BXK BEKTOpa IIBHIKOCTI pakeTH. BaykmnBo 3a3Ha4YnTH, IO BOHA HE OTO-
TOXHIOETBCS 3 HATIPSIMOM TSTH IBUTYHA (BIUIMB, 30KpeMa, Mae CUIIA 1HEepIIii).
3a HanpsIMOM BOHA MPOTHIICKHA CHITI JIOOOBOT'O OTIOPY JIITAILHOTO arapary.
Bice OY mBHIKICHOI CHCTEMH 3HAXOIUTHCA Y IUIOMIMHI TOJIOBHOT
CHMeTpil JiTaJbHOTO anapary. BoHa crpsiMoBaHa 110 HOpMaJli 10 TPAEKTO-
pii pyXy JiTadbHOTO amapary i pakTHIHO CIIBIAJAE 3 BICCIO MigiiMaIbHOT
cuni. Tpetst Bich OZ MIBUAKICHOT CHCTEMHU MEPIECHAMKYIISIPHA 0 TOepe-
JIHIX ABOX oceii. BoHa € BicCr0 OOKOBOTO 3MIIlIEHHSI 1 JOMTOBHIOE JJAHY CHC-
TeMy KOOPJIUHAT JI0 IPaBol CUCTEMH BI/JIKY.
Po3kia piBHOIF0OYOT aepOAMHAMIYHOI CHITH HA CKJIAZIOBI Y IIBUIKI-
CHIill CHCTEMI KOOPAMHAT € JIOCUTh 3PyYHUM MaTEeMAaTHYHHUM anapaToM IUis
PO3YMiHHA MEXaHIK{ IWHAMIYHOTO TOJBOTY JIITAIEHOTO amapary.
30Kkpema, TIPOEeKIis CKIAJOBUX PIBHOJIIOYOI CHJI, IO JIFOTH Ha JIiTa-
JBHUH amapaT mij yac HOro IojibOTY Ha MIBHAKICHY Bick OX, BU3Ha4ae
came Ti (hakTOpH, IO BIUIMBAIOTH Ha MIBHJKICTH amapary. AHAJIOTIYHO,
NPOEKLil 3a3HaueHUX CHiI Ha Bich migiimanbHol cui OY Ta Ha GOKOBY
Bicb OZ BHU3HAYalOTh XapakTep 3MIiHM TPAEKTOpii, 30KpeMa, IIBUJIKICTH
JITAIBHOTO arapary y JBOX B3a€MHO NEPHEHAMKYJSIPHUX IUIOIIMHAX, SIKI
YTBOPIOIOTHCS LIMMH BOMA OCSIMH.
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VY muHaMIYHHX 3amadax AOCHIDKEHHS TPaeKTopii Oe3miIOTHOTO Ke-
POBAHOTO JITAIBHOTO anapaTy HOTPiOHO BiumIykaTH (BUOpaTH) Take Kepy-
BaHHI, sike O 3a0e3meuyBano 0 mepemimeHHs i3 cTapToBoi TOUKH O1 (ITUB.
puc. 1) y mocrasieny mepen amapatom nite (aesky Touky Y(T)) 3a meBHuit
npoMixok dacy T > 0 3 rapaHTyBaHHsAM Oe3nekH Mmojipory. Bumora rapan-
TyBaHHSA O€3IIEeKH MOJBOTY, 3a3BUYAM, IPUBOAUTH JI0 3a/1a4 onTuMi3arii. B
OKpEeMUX 3a/1a4ax Jac IOJILOTY | HaMaraloThCs MiHIMi3yBaTH, ane B OilTb-
IIOCTi BUMIAJIKIB BiH BUCTYyINae (OPMaIBLHUM He (hiIKCOBAaHUM MapaMeTpoOM,
SKUH 00MEKYETBCS JIMIIE 3a1lacaMy TajIuBa.

VY MaremarnuHiit Mozenm, copMoBaHii BiIHOCHO IMIBHAKICHOI CHC-
TEMH KOOPJWHAT, YIPAaBIiHHS BiOYBA€ThCS 3a JONOMOIOIO 3MiHH KYTIB
a(t) ta B(t), sKi BU3HAYAIOTH OPIEHTAIIIIO JITAJIBHOIO anapaTy BiJHOCHO
IIBUJIKICHOI CHCTEMH KOODIMHAT.

SIKIIO CyMICTHTH NOYaTOK KOOPAMHAT MIBUAKICHOI CUCTEMH Y TOUKY
O1 (guB. puc. 1), To i3 CHiBBIAHONICHD MOAIOHOCTI MOYKHA OTPHUMATH MaT-
PHIIFO IEPeXO0.1y BiJl IMIBUAKICHOI IO CTAPTOBOT CHCTEMH KOOPANHAT:

My, = cos (v (t))cos(6(t)),
My, =cos(y (t))sin(O(t)),
My =sin (v (t)).
My = —sin(6(t)), My, = cos(6(
Mg, =sin(y (t))cos(6(t)),
(0(t)

(1),

t)), My =0,

Ma, =sin(y (t))sin

Maz=cos(y (1)),
ne O(t) ta w(t) — Biaxwmnenns Bekropa mBuakocTi O1D (nuB. puc. 1) BigHo-
cHo oci OX y cTapTOBiii cHUCTEMI KOOPIUHAT B MOMEHT yacy .

3BaXkalouW Ha Te, IO BCI PO3PAXYHKH IMHAMIKH IOJBOTY 3PYYHO
MPOBOIUTH Y IMIBHIKICHIM CHCTeMi KOOPIWHAT, OCTaHHI CIiBBIIHOIICHHS
JIO3BOJISIFOTH BiJICIIIKOBYBAaTH MOJIOKEHHS JITAIBHOTO arnapary B Oyib-
SKAH MOMeHT vacy t micis ctapry. ToOTo ycst TpaekTopis Oyne BigoOpa-
JKaTUCS y CTapTOBIH CHCTEMI KOOpAMHAT.

VY npaxTtruHii To0y10BI MaTeMaTHYHOI MOZET [T AOCIIKESHHS Tpa-
€KTOPITl PyXy JTaIBHOTO anapary OCHOBHI CKJIaTHOCTI OyJyTh IOB’s3aHi i3
cyaiHuMH (pazoBUMH 0OMEXEHHSIMH Ta CKIIaJJHUIMH OOMEXEHHSIMU Ha J10-
MyCTUMI TapaMeTpH KepyBaHHs. BOHM KapAMHAIbHO BIUIMBAIOTH HAa BECh
MpoIleC 3HAXOKEHHS BEKTOpa MBUAKOCTI. CIUIBHUM € Te, 0 PiBHOAII0YA
AepoIMHAMIYHUX CHJI (POPMYETHCSI Ha OCHOBI TPHOX CKJIJIOBUX: CHJIM TSATH
JIBUTYHA, CHJIM OIIOPY aTMOC(EpH Ta TpaBiTamiiHOl CHIIH.
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OcTtaHHs y MIBHIKICHIM CHCTEMi KOOPAWHAT BU3HAYAETHCS 3a 3aKO-
HOM BCECBITHBOTO TSDKIHHS, IO JIi€ HA MaTepiajbHE TiJI0 MACOK M Ha BH-
coTi h Hax moBepxHero 3eMiti i BU3HAYAETHCS 32 POPMYIIONO:

GMm
2 1
(Rs +h)
ne M — maca 3emuti, a 3HaueHHs ctanoi G o0uncoeTses 13 popmynu

_GM
gO_R_§

IpU BiIOMOMY 3HAu€HHI IpaBiTallifHOrO0 NMPHUCKOPEHHS Jo Ha MOBEPXHI
3emuti.

[loxo iHIIKMX CKJIaJA0BHUX, TO QHATITHYHI BUpa3M I IX PO3paxyHKIB
3aNeKaTh B 3HAYHIA Mipi Bil TAKTHKO-TEXHIYHHX XapaKTEPHUCTHK JIiTAJb-
HUX amapaTiB Ta (i3WIHUX BIACTHBOCTEH aTMOC(EpH, IO 33Ta0ThCS Tab-
JIMLSIMH JaHUX HATYPHHUX CIIOCTEPEIKEHb.

BigoMocTi Tpo TaKTHKO-TEXHIYHI XapaKTEPUCTHKH JIITATFHUX arapartiB
X04Ya i € y 3HAuHi{ Mipi 3aCEeKpEUEHNMH, ajie X MOXKHA BIANIYKaTH Y PI3HOTO
pony JpKepenax, Hanpukian [2]. YV BiakputHx iH(GOpMAliHEX mKepenax
HEOJIHOPA30BO HABOIMIIMCS TAKTHKO-TEXHIUHI XapaKTePUCTHKU pakeTH X-22
Byps, sxy Hami cwm [0 npakTHYHO MOKU-III0 He MOXKYTh 30UTH, 30KpeMa:

mg =

BHUCOTa MONIbOTY:11,5-12,5 kMm;
cTapToBa maca: 5635 kr;
MIBHJIKICTH MOJIOTY: 3,5 Max;
JanbHICTh cTpiapou: 140-300 kwm;
BHUCOTa 3acTocyBaHHs: 10 kM.

®i3uuHi BIaCTUBOCTI aTMOC(EpPH HABOIATHCSA Y CICHiANbHIN TOBif-
KOBIi siTeparypi. Indopmariito MoxkHa ofepkary 1 yepe3 [HTepHeT.

BucnoBku. [IpornoHyeThcsi MaTeMaTHUHy MOJIENb JUIsl BUPILICHHS 3aB/ia-
HHS TIPOTHO3YBaHHsI HaBIramil Uil TaKUX CKJIQJHMX KEPOBAaHHX CHCTEM Ipo-
BOJIUTH 3 BUKOPUCTAHHSIM JIBOX KOOP/IMHATHHX CHCTEM: CTapTOBOI Ta ILBUJIKIC-
Hol. [Ipudomy, yci po3paxyHKH BEKTOpa IIBHIKOCTI, IO 3aICKHUTH BiJ PiBHO-
JUOYOT TPHOX aepOIMHAMIYHMX CHJL, SIKi JIIFOTh HA JITAIBHUH arapar, 3/iHCHIO-
BAaTH y IIBUJIKICHIA CHCTEMI KOOPJMHAT & OKOOPMHATHE YIPABIIHHS ITOJTBO-
TOM Ha BCIH IMHAMIYHIN TPAeKTOpii BUSHAYATH y CTAPTOBIH CHCTEMI.

TakuM unHOM, HpoLiec MOOYAOBH TPAEKTOPIi KEPOBAHOT'O JIITAIHHOTO
amapaTy 3 BUKOPHCTaHHSAM JIBOX CHCTEM CHPOCTUTH (DYHKITIOHAIBHI 3aie-
JKHOCTI, 110 TPUCKOPHTH MPOLIEC PO3PaXyHKIB.

Cnucok BUKOPUCTAHHUX JI’KepeJi:
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FORMATION OF THE TRAJECTORY
OF CONTROLLED AIRCRAFT

Currently, there is an increased interest in the creation of flight control
systems for unmanned aerial vehicles, which, taking into account real con-
ditions, would ensure its trajectory and thereby determine the effectiveness
of the use of the aerial vehicle. Aircraft navigation, in particular ballistic
cruise missiles, requires the formation of high-precision control in order to
achieve both final results and local optimization tasks at each of the flight
stages: take-off, departure to set trajectories, maneuvering, etc.

The development of admissible control and its optimization by computer-
mathematical methods of modeling and optimization is a time-consuming pro-
cess and requires significant expenditures of various types of resources. An el-
ement of the effectiveness of such a mathematical apparatus for guaranteeing
and increasing the reliability and effectiveness in achieving the set goal is the
speed of calculations, which, in turn, requires the simplification of the mathe-
matical model by obtaining functional dependencies for calculating the flight
trajectory, avoiding complex mathematical calculations.

The complete working model for calculating the desired trajectory of
the aircraft will be determined by the specified control functions and will
be provided by a system of partial differential equations with time, and the
necessary parameters for calculating all aerodynamic forces and moments
are tabular data in most cases.

A mathematical model for solving the task of forecasting navigation
for such complex controlled systems is proposed to be carried out using
two coordinate systems: starting and speed. Moreover, all calculations of
the velocity vector, which depends on the net effect of three aerodynamic
forces acting on the aircraft, should be carried out in the speed coordinate
system, and coordinate control of the flight along the entire dynamic trajec-
tory should be determined in the starting system.

Key words: aircraft, navigation, trajectory, permissible control.
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