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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocnimKeHHs po6JieM aKTUBHOTO Ta [IACMBHOTO KEPYBAaHHSI PyXOM [I€PCIEKTUBHUX KOCMIYHNUX KOHCTPYKLIi

Ha3sBa po6oTH aHIJIilICbKOIO:

Investigation of the problems of active and passive motion control of perspective space constructions

PedepaT ykpaiHCbKOIO:

O6'eKT DOCIIiIXEHHS - IEPCIEKTUBHI KOCMiYHi KOHCTPYKIii Pi3HOT0 NprU3HaYeHHs: KOCMIiUHi anapary, BKJII0Yaloyn
BeJINKOrabapuTHI KOCMiYHI KOHCTPYKIIii; KOCMIUHI MaHINyJIALifHI MeXaHi3MHU; CUCTEMU BiiBeeHHS
BiANpallbOBaHUX KOCMIUHUX arapartiB 3 po6o4yux op6iT. MeTa focilifyKeHHs - po3pobKa Ta aHajli3 3aCTOCyBaHHS
MOXJIMBUX BapiaHTiB CUHTE3y KePyBaHHS PyXOM II€PCIEKTUBHMX KOCMIUHUX KOHCTPYKIIiH, 3a1106iraHHs1 CTBOPEHHIO
KOCMIYHOTO CMITT$ B HAaBKOJIO3€MHOMY KOCMiYHOMY ITpOCTOpPi. MeToau: iHpopMaliliHO-aHATITUYHUIA, YUCETIBHOTO
pimeHHs nudepeHiaNbHUX PiBHSAHbB, iIHTEPITONAIIii, MATEMAaTUYHOTO MOJEIOBAaHHS, KOMITIOTEPHOTO MOIETIOBAaHHS,
TeopeTU4YHOi MexaHiku. OTpuMaHi pe3yJibTaTi: PO3po6IEHO MAaTEMATUYHY MOJIeJIb KyTOBOTO PyXy KOHCTPYKIIii
COHSIYHOI KOCMIYHOI €JIEKTPOCTAHILii, IKa BiTHOCUTBCS [0 KJIACY BEJIMKMX KOCMIYHUX KOHCTPYKLiNA. 3alIpOIIOHOBAHO
PO3PaxyHKOBY CXeMY JJAHOTO KJIaCy HeJliHilTHMX 006'eKTiB KepyBaHHS, 1[0 J,03BOJIs€ NOMUPUTH OTPUMaHi pe3yibTaTu
Ha KOHCTPYKLi pi3HUX KoHirypauiil. CHHTe30BaHO 3aKOH KEPYBaHHSI Opi€HTAlli€l0 eJIeKTPOCTaHI{].
3anpornoHOBaHO METOAMKHU CUHTE3y POOACTHOTO CIIOCTepiraya po3UPEHOr0 BEKTOPa CTaHy [JIsl 3aMKHYTOTO
KOHTYpPY KOMOGIiHOBAHOI CUCTEeMU KePyBaHHS Ta PeIyKLil pO3MIpHOCTI PeryssiTopiB 3 BUKOPUCTAaHHSIM YaCTOTHO-
3BaKEHOI ONTUMAaJIBHOI anpokcumaliii 'aHkesns. CHHTE30BaHO aJITOPUTMU KEPYBAaHHS HABEJIEHHSIM €JIEMEHTIB
KOHCTPYKLii Ha CoHLIEe i peKTEHHY. BUKOpHCTaHHS criocTepiraya 1ijii BEKTOpa CTaHy JO3BOJIUJIO PO3AIINTU MOJEID
IIpoLIeCy HaBe[IEHHS Ha [IBi He3aJIeXKHi nigcucreMu. [IokasaHo, o eHeproBUTPaTU Ha KePyBaHHS OPieHTallielo
reocTallioHapHUX €JIEKTPOCTAHLIil IPY OpieHTyBaHHi IaTGpopmMu Ha 3eMJII0 Ha MOPSIOK MeHIle, HiX Ha CoHLe.
CdopMysibOBaHO aKkTyasbHi 3aa4i IUHAMIKM KOCMIYHMX MaHIyISLiHUX CUCTEM, Cepe]] HUX 3a7adi yIIpaBJliHHs
IIPY BUKOHAHHI Ollepalliil: TPaHCIIOPTHUX; KOHTAaKTHUX, KOJIM € B3a€MO/Iisl CXBaTa 3 OCHOBOIO; 3aXOIJIEHHS 00'€KTa,
1110 BiJIbHO pyXaeTbCsl. PO3po61eHO po3paxyHKOBi CXeMH, KOMIT'IOTEPHO-OPi€HTOBAaHI Ta MaTeMaTU4Hi Mofiei
IVHAMiKU PO3IJISIHYTUX CHUCTEM, SIKi JO3BOJISIIOTh BUKOPHUCTOBYBATH iX SIK 1J1s1 BUOOPY IIPOEKTHUX ITapaMeTpiB
CUCTEM, TaK i JOCiI)KeHHs pobodux onepatiil. BunineHo kiac cucrteM B3a€MHOTO I0O3UL[iOHYBaHHS KOCMiIYHOTO
anapary i KOpMCHOTrO HaBaHTAXXEHH4. [1JI JaHOTO KJIACy CUCTEM PO3PO6JIEHO MOIE/IbHY 3a/iauy, B SIKii 1151 aHali3y
IOCJIiIKYBaHUX [IPOLECiB BUIiNEeH] HailbinblI iCTOTHI eJIeMEeHTH, 110 [L03BOJINJIO BUSIBUTH OCOGIMBOCTI JUHAMIKU
POBIJISIHYTUX cucTeM. [y cucTeM 3 nlapajejibHUM MEXaHi3MOM PO3p0O06JIEHO MOJIEJIbHY 3a1auy [J1s JOCHiIKEeHHs
KOJIMBAJILHYX TPOLECIB y MEXaHIi3Mi 3 ypaxyBaHHSM PyXJIMBOCTi OCHOBHU B iHEpILiaJIbHOMY IPOCTOPi. PO3po6eHo
KpUTEPill €PeKTUBHOCTI BUKOPUCTAHHS CUCTEM BiJIB€JI€HHS KOCMIUYHUX arapariB 3 po604Mnx OpoiT, IpuOaTHUA OJ1s
[IOPiBHSIHHS CUCTEM BillBeleHHS Pi3HUX THUIIiB. PO3p061eHO MaTeMaTHYHy MOJieJib BILJIMBY (PaKTOPiB KOCMIYHOTO
IIPOCTOPY Ha pOOOTY CUCTEM BiJlBeIeHHS. 3allpOIIOHOBAHO METOVKY OL[iHIOBaHHS €(PEKTUBHOCTI CUCTEM
BiIBE€ZI€HHS Ta IIPOBEAEHO OLHKY €(EKTUBHOCTI BUKOPMCTAHHS Pi3HUX TUIIIB CUCTEM, BU3HAYEHO MEXI ix
3aCTOCOBHOCTI. [IpoBeeHO aHali3 HANPSIMKIB PO3BUTKY METOIiB KOMIT'IOTEPHOTO MOJIEIIOBAHHS JUHAMIKU
nedbopMiBHUX TBEPIUX TiJl i ix mporpamHoi peasnizariii. BumineHo psig nepcrneKTUBHUX METOMIB PO3B'sI3aHHS 337124
IVHaMiKM JJAHOTO KJIacy CUCTEM, 30KPEMa, METOJ, MaTepPiajlbHUX TOYOK. [Ipy BUKOHAHHI TeMU METO[], MaTepialbHUX
TOYOK OTPMMAaB PO3BUTOK BiTHOCHO OLIiHIOBAaHHS IIPOCTOPOBUX i YaCOBUX IIOMUJIOK 71 PALY MOT0 BapiaHTiB, Ta
METOJIMKU [100y10BY AMHAMIYHOI pO3PaXyHKOBOI CiTKU. PO3p06sIeHO CTPYKTYpPY Ta MOAYJIi PO3PaXyHKOBOI
IIporpamu, 1o peasidye MeToJ, BUKOHaHO TECTOBi pO3paxyHKH, BUPOOJI€HO PEKOMEH 1allii 3 BUKOPUCTAaHHS METOY
B PO3PaxyHKax JUHAMIKU CUCTEM PO3IJISIHYTOrO KJIacy. 3allpONIOHOBAHI aJIrOPUTMHU KEPYBaHHS1, MOJIeJli IMHAMIKH,
METOJY JOCJIiIKEHHS Ta METOAUKY BU3HAUEHHS [TaPAMETPiB MOXKYTb MAaTH BKJIMBE 3HAYEHHS [1J1 PO3POOKU
MIePCIEKTUBHUX IIPOEKTIB KOCMIYHOI ranysi YKpainu. PesyabpraTy gociimkens BukopucroBysanmucs B [II1 "Kb

"IliBIeHHe" Mpu po3poOLli NepCleKTUBHUX BapiaHTiB KOCMIUYHUX anapariB. ['ayy3b 3aCTOCYBaHHS pe3yJIbTaTiB -



MeXaHiKa BeJIMKUX KOCMIYHMX KOHCTPYKLii, IMHaMiKa KOCMIYHMX MaHIMyJSIiHIX CUCTEM, TIPOGJIeMa BilBeieHHS

KOCMIYHUX anapariB 3 po604Yux OpOiT.

Pedepar aHI1iliCbKOIO:

Object of study - perspective space construction of various designations: perspective spacecrafts, including large
space structures; space manipulation mechanisms; nonoperational spacecrafts removal from working orbits. Work
purpose - investigation of dynamics, development and analysis of possible alternative motion control synthesis for
perspective space structures, preventing the of space debris generation in near-Earth space. The methods
(applied): information-analytical, numerical solution of differential equations, interpolation, mathematical
modeling, computer simulation, theoretical mechanics. The mathematical model of angular motion of the space
solar electric power station structure, which belongs to a class of large space structures, has been developed.
Design model of present class of nonlinear objects control that allows to extend the obtained results in various
structure configurations were proposed. Control law of power station angular position have been synthesized.
Synthesis methods of the robust advanced state vector observer have been proposed for closed loop control
system and to reduction of controllers dimensionality with usage of frequency-weighted Hankel optimal
approximation. Control algorithms of construction elements aiming to the Sun and to the rectenna were
synthesized. Usage of the observer for state vector allows to split the aiming process model on to independent
subsystems. It is shown that energy management for position control of geostationary station platform to the
Earth one order less than to the sun. Actual problems of space manipulations systems dynamics are formulated,
control problems in operations performance like: payload moving; contact operations, when there is force
interaction between end effector and base, capture of free-flight objects, are among them. Design models,
computer-oriented and mathematical models of the considered systems dynamics, that can be used for system
design parameters choice, along with work operations study, were developed. The spacecraft and payload mutual
positioning systems class is highlighted. For this class of systems developed modeling task. In what highlighted the
most significant elements for the analysis of the studied processes. It is possible to study the peculiarities of the
considered systems dynamics. For systems with parallel mechanism developed a modeling task to study the
problem of oscillatory processes in the mechanism subject to mobility base in inertial space. Efficiency criterion
for spacecraft removal from working orbits suitable for comparison of various removal system types were
developed. Mathematical model of space factors influence to removal systems were developed. Methodic of
evaluating of removal systems effectiveness were proposed along with evaluation of different systems types usage
and definition of their limits use. The analysis of the computer modeling of deformable solids dynamics trends and
their software implementation were hold. A number of perspective methods for solving problems of this systems
class dynamics including the methods of material points are identified. The material points method has evolved
relatively to the evaluation of spatial and temporal errors for some of its variants, and methods of dynamic
computational grid construction, in carrying out these studies. The structure and modules of computational
program that implements the method has been developed; test calculations have been performed;
recommendations for the usage of the method in the calculation of the dynamics of this class systems have been
made. The proposed control algorithms, dynamics model, research methods and methods of the parameters
determination can be important for the development of perspective projects of Ukraine space industry. The
research results were used in "Yuzhnoye SDO" in the development of perspective spacecraft versions. Field of
results application - large space structures mechanics, space manipulation systems dynamics, problems of space
debris disposal from working orbits.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: Po3paxyHKOBi CXEMH Ta MATEMATHYHI MOZIEJTi KEPOBAHOTO PYXY MEPCIIEKTUBHUX
KOCMIYHUX KOHCTPYKLi. METOOVKYU CUHTE3Y Ta aJITOPUTMU KEPYBAHHS PYyXOM MEPCHEKTUBHUX KOCMIYHUX
KOHCTPYKIIi#i, 110 Bpax0OBYIOTb OCOGIMBOCTI iX ArHaMiku. MeTonuky Ta KpuTepii ouiHIoBaHHS €(PEKTUBHOCTI Pi3HUX
METO/IiB BiJIBeI€HH BiAIIpallbOBaHUX KOCMIUHHUX anapariB 3 po604Yux opo6iT. MeTonuKy po3paxyHKy apameTpiB

INEPCIIEKTUBHUX MeTO,E[iB KOMH’IOTepHOI“O MOOENIOBAHHS ,HI/IHaMiKI/I IMPOCTOPOBO-PO3BMHEHUX MEeXaHIYHUX CUCTEM.

Ha3zpa HTII aHrsiicbKo0: Design models and mathematical models of motion control of perspective space
constructions. Syntethis techniques and algorithms of motion control of perspective space constructions that take
into account the peculiarities of their dynamics. Techniques and measures of evaluation of the effectiveness of
different methods of spacecraft removal from working orbits. Techniques of calculation of the advanced methods
parameters of computer modeling of the space-developed mechanical systems dynamics.
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IIpuunnmu, yepe3s saki HTII ne 6ysi0 cTBOpeHoO:
OTpumaHi pe3yJbTaTH:
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PeecTpalifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Pospo6iieHo po3paxyHKOBI CXeMU Ta MaTEMATUYHi MOJIEI ANHAMIKY TIEPCIIEKTUBHUX KOCMIYHUX
KOHCTPYKIii1 K 00'eKTiB KEpyBaHHS, 30KpeMa COHSIYHOI KOCMiYHO] eJ1IeKTPOCTaHLii, KOCMIYHUX MaHINysLiHNX
CHCTEM, IIEPCIIEKTUBHUAX KOCMIYHMX aIapariB Ta CUCTEM, 110 BiHOCATBCA [0 KJIaCy CUCTEM B3a€MHOIO
MO3ULi0OHYBaHHA KOCMIYHOrO anapara Ta KOpUCHOI'O HaBaHTaKEeHHS. 3allPONIOHOBAHO METOIUKMU CUHTE3Y Ta
aJITOPUTMU KepyBaHHS OpieHTalli€lo epCIeKTUBHUX KOCMIYHUX KOHCTPYKLiN. PO3p0o6sieHO MeTOAMKY Ta KpUTepii
e(EeKTUBHOCTI CUCTEM BiJiBe[IeHHS BillpallbOBaHUX KOCMIYHMX anaparisB 3 po604ux opoiT. 3allpOIIOHOBAHO
METOJIMKY PO3PaxyHKy IapaMeTpiB MepPCIeKTUBHUX METO/IiB KOMITIOTEPHOTO MOJIE/IIOBaHHS IUHAMIKN
IIPOCTOPOBO-PO3BMHEHUX MeXaHIYHUX cucTeM. OTprMaHi pe3ysIbTaTy JOCiIKeHb JO3BOJISITh BUPIIINUTH IIPOGIEMU
[IaCHBHOT'O Ta aKTUBHOTO KEPYBAHHS PYXOM IE€PCIEKTUBHUX KOCMIYHUX KOHCTPYKLIN Ta MOXYTb OyTH
PEKOMEH0BaHi /1J1s1 BAKOPUCTAHHS NIPU NPOBEIEHHI NPUKIIATHUX OCAiTKeHb, CIPSIMOBAaHUX HA CTBOPEHHS

NE€PCHEKTUBHUX BEJIMKOrabapUTHUX KOCMIYHMX KOHCTPYKLil, IEPCIEKTUBHUX KOCMIY
ConiaibHO-eKOHOMIYHA cnpsimoBaHicTe HTII:
Bnyins HTII Ha moBKiJjLs:
Bnposaaskennss HTII: He snposamxeno
ITpakTuyHa peasnisaniss HTTI
IToyaToK eramy: 2015
3aKiHYeHHs eTamy:
Cno>kuBavi mpoayKuii: [T "KB "[lisnenne”
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XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM
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