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5. HaykoBo-TexHi4Ha poooTa

HasBa po6oTHu (YKp)

Po3pobka METOOMYHUX OCHOB pillleHHs 3ajad aHajidy OUHAMiKu i CTBOpEHHSI aJrOpUMTMIB CHUCTEM KepyBaHHS Ta OpieHTalil

MEePCIEKTUBHUX KOCMIYHMX arlapariB

Ha3zBa po6oTHu (aHrJ1)

Development of methodical basics for solving problem of dynamics analysis and creation of the algorithms for control and
orientation systems of perspective space vehicles

Pedepar (yxp)

OO6'eKT [MAOCTIIXKEHHs - MEepCHNeKTHBHI BapiaHTM KOCMIYHMX amapartiB (MiKpOCyNyTHHKH, BHCOKOMaHeBpyooui KA cucrem
CIlocTepeskeHHs 3eMii) i 3acobu mocTaBku ix Ha opbiry. Llise po6oTH - CTBOpEHHS 6a30BHMX MaTeMAaTUYHUX MOZEJeH, po3pobKa
METOJVK aHaji3y [OMHAMiK¥, CTBOPEHHSI HOBUX METOJWYHMX IiIXOHiB [0 CHHTEe3y aJrOpuTMiB KepyBaHH4 I opieHTauii
JIOCIIPKYBaHUX OO'€KTIB 3 ypaxyBaHHSIM MOJKJIMBOCTEH Cy4acHOI €JIeMEeHTHOI 6a3u BUMIPIOBAIbHUX i KEPYIOUMX CHCTEM.
3acrocoByBaHi Meronu - iHpOpMalLiHO-aHATITUYHMN, MaTEMaTHYHE MOJIEJIIOBAHHS, METOOM TEeOPETUYHOI Ta aHaJiTUYHOI
MEXaHiKM, MEXaHiKM KOCMIYHOTO MOJIbOTY, TeOpii ONTMMAaJbHOTO KEPYBaHHS, TeOpii OUHAMIYHUX CHCTEM, aBTOMAaTHUYHOTO
KepyBaHHsI 11 perpeciiiHoro anasizy. IIpoBeeHO aHazi3 NMPOGJEMHUX IUTaHb, IO BMHUKAIOTH IIPpY PO3POOLi U eKcIuryaTarii
KOCMIUHUX O0'€KTiB PO3IJISIHYTUX KjaciB. Bu3HaueHO aKkTyasbHi 3a7adi JMHAMIiKu 1 KEPyBaHHS OJI MEPCIEKTUBHUX TEXHIYHUX
o6'exTiB. [IpoBenieHO aHai3 Mofienel TUHAMIKU ¥ KepyBaHHS Ta CTBOPEHi 6a30Bi MaTeMaTH4Hi Mogei. Po3pobiaeHo anroputmu i
6a30Bi MOJYJi KOMII'IOTEPHUX NPOTPaM PO3PaxyHKy Pyxy Ta MPOBEJEHE iXHe TeCTyBaHHA. PO3p06IEHO HOBI METOIOUYHI MiAXOou
010 AOCJIIKEHb 33/1a4 JUHAMIKY 1 KepyBaHHS PO3IJISTHYTUMU 00'ekTaMu. CTBOPEHO HOBi alrTOPUTMU BU3HAYEHHS OpieHTalii i
KepyBaHHS KyTOBMM pyxoM KA. CTBOpEHO Ta YLOCKOHAJIEHO MAaT€MAaTU4YHi M PO3PAXyHKOBi MOZEJI Ta CTBOPEHI HOBI METOAWYHI
MifAXoOy [0 PillleHHS aKTyajJbHUX 33Jad JUHAaMiKU ¥ KepyBaHHSI PO3IVISHYTUMU OO'€KTaMH, y TOMY 4YMCJI: aHaji3y 1 OLiHKU
TOYHOCTI OpieHTalii esemeHTiB KA (aHTeH, OATYMKIB CUCTEMM KEpYyBaHHS, NpUJIa/iB KOPUCHOTO HAaBAaHTAKEHHS) B 33JAHOMY
HalpsMKY; aHasli3y BIUIMBY IIOTPIIHOCTEN IIOJIOKEHHS BMMIPIOBaYiB KyTOBMX MIBUAKOCTEM Ha TOYHICTL opieHTanii KA;
MiABUILEHHS TOYHOCTi BU3HAYEHHS OpieHTalii KOCMIYHMX amapaTiB 3 BMKOPMCTaHHSAM acCTPOJATYMKIB; aHasi3y NPUMHATHOCTI
pOOOYMX XAPAKTEPUCTUK CKJIANHUX 0AaraTOpeKMMHUX CHUCTEM KepyBaHHS KOCMIYHMX amapaTiB y Pi3HMX CUTyalisX; aHaji3y
MO>KJIMBOCTI 3iTKHeHHs KA 11 PH Ha OCHOBi TpaeKTOPHUX BUMIpiB iXHbOTO OpPOITAJILHOTO PyXy; BU3HAUEHHS 1 PO3PaxyHKy OpOiTH
CyOCYNyTHUKIB BiIHOCHO OpO6iTH OcHOBHOro KA Ha OCHOBiI HOBUX (OPM piBHSIHb 30ypEHOTO KEIVIEPOBOrO PYXY; AMHAMIKU I
KepyBaHHs KA BiTHOCHO 1leHTpa Mac Ha OCHOBi HOBUX KiHEMaTUYHUX IlapaMeTpiB pyxy TBEPAOro Tija; aHaMi3y i BU6OPY Iporpam
kepyBaHHA PH 3 ypaxyBaHHSIM 0OMeXeHb Ha NapaMeTpu PyxXy i 0co6IMBOCTEl IXHbOTO BUKOPMCTAHHS; [I€PEBIPKU €HepreTUYHUX
MO>KJIMBOCTE! ICHYIOUMX Ta THX, IO MOJEpHi3yioTbcs PH, a Takox Bepudikaliii OTprMaHUX ONTUMAaJIbHUX MPOrpaM KepyBaHHS
npy pillleHHi 3a/a4 NifBUIIEeHHs eHepreTuku. O6JacTh 3aCTOCYBaHHSI - KePYBaHHS NEPCIEeKTUBHUMU KOCMIYHMMU O06'€KTaMM.
3arponoHOBaHi MaTeMaTU4YHi I PO3PaxXyHKOBi MOJEeJi Ta CTBOPEHI HOBi METOAWYHI MiIXOnW [AJis pillleHHS 3a1ad OVWHAMIKU 7
KEepPYyBaHHSI MOXYTb MaT{ BeJIMKE 3HAY€HHSs [ PO3POOKH MEPCIEKTUBHUX IIPOEKTiB KOCMIYHOI rasysi YKpaiHy, a Takox icToTHe
3HAYEHHS 1711 PO3BUTKY TEOPETMYHUX OCHOB MEXaHIKM TBEPIOro Tijlla, AMHAMIKM KOCMIUYHOTO MOJIbOTYy M TeOopii KepyBaHHI

PYXOMHUMHU 00'€KTaMHU.
Pedepar (aHra)

The research subjects are the promising versions of spacecraft (SC) (microsatellites, high-maneuverable SC for Earth
observation systems) and orbital launch vehicles (LV). The aim of the research is to build fundamental mathematical models, to
find techniques for analyzing the dynamics, to create new methodic approaches to synthesis of algorithms of control and
orientation of the objects studied considering the possibilities of a today's element base of the measuring and controlling
systems. The methods used: information and analytical methods, mathematical modeling, methods of theoretical and analytical
mechanics, mechanics of a space flight, a theory of optimal control, a theory of the dynamic systems, automatic control and
regression analysis. The challenges resulting from the development and the operation of SC of classes under consideration are
analyzed. Pressing problems of dynamics and control for the promising technical objects are determined. Models of dynamics
and control are analyzed and basic mathematical models are created. Algorithms and basic modules for computer programs of
calculations of motion are built. They are tested. New methodic approaches to studies of problems in dynamics and control of



the objects under consideration are developed. New algorithms for determination of SC orientation and attitude control are
proposed. Mathematical and computational models are developed and improved. Developed are new methodic approaches to
solution of the pressing problems of dynamics and control of the objects under consideration, including: an analysis and an
evaluation of the accuracy in SV elements orientation (antennas, control system sensors, payload devices) in a given direction;
analysis of the effects of errors in position of angular velocity meters on the accuracy in SC orientation; an improved accuracy in
determination of SC orientation using astronomic sensors; an analysis of applicability of operation characteristics of
complicated multi-regime systems of SC control under different conditions; an analysis of a possibility of SV/LV collision based
on trajectory measurements of their orbital motion; determination and calculations of a subsatellites' orbit against an orbit of
the main SC based on new forms of the equations of the Keplerian disturbed motions; SC dynamic and control against the mass
center based on new kinematic parameters of motion of a solid; an analysis and a choice of LV control programs considering
limits of motion parameters and features of their uses; verification of power potentials of existing and upgraded LVs, as well as
verifications of the found control optimal programs while solving the problems on improved power. Applications: control of the
promising space objects. The proposed mathematical and calculated models and new methodic approaches to solution of
dynamics and control problems can be of great importance for developing the promising projects of Ukraine's space industry, as
well as particular significance for evolution of theoretic fundamentals in solid mechanics, space flight dynamics and the theory
of movable objects control.
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