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1. MareMmatuuHe MOOENIOBAHHS MeXaHIYHUX npoueciB CPYHKLLiOHyBaHHH MaHiHy.JIHTOpa KOCMIYHOTO [IPpU3HAYE€HHA

2. Mathematical modeling of mechanical processes of a space manipulator functioning

Pedepar:

1. Y puceprauiiiHiii po60Ti 3alIpONIOHOBAHO HOBY METOI0JIOTiI0 BIOCKOHAJIEHHS [TaPAMETPiB MaHIIyJIsITOPiB
KOCMIYHOT'0 IPU3HAYE€HH IJISIXOM BU3HAYEHHS Ta BPaxyBaHHS IIPY)KHUX [TOJATINBOCTEN IK KOHTMHYAJIbHOTIO, TaK i
JIOKQJIbHOTO Xapakrepy. Takuil nigxin fo3BoJige MiABUIIUTY TOYHICTh KOHTPOJIIO AMHAMIYHUX IIPOLIECIB
TPaHCIOPTYBaHHS Ta MO3UIIOHYBAHHS KOPUCHOTO HABAaHTaKE€HHS, a TAKOXX 3a0€311€YUTH MOXKJIUBICTb BpaXyBaHHS
nepopmaliiiHuX BJIaCTUBOCTEN KOHCTPYKTUBHUX €JIEMEHTIB Ha eTalli IPOEKTYBaHHS CUCTEM KepyBaHHs. Briepiue
OTPMMAHO CUCTE€MHI TEOPETUKO-EKCIIEPUMEHTAJIbHI PE3YJIbTaTU JOCIIIKEHDb I1I0JATINBOCTI €JIEMEHTIB

MaHINyJSTOPiB KOCMIYHOTO MPU3HAYEHHS, 30KpEMa JIAHOK, IAapHipHUX Ta (JIaHLeBUX 3'eqHaHb. [IpoBeeHO



004K CII0BaJIbHI €KCIIEPMMEHTH 117151 aHAJIi3y JMHAMIYHUX XapaKTE€PUCTHUK i 3yCUJIb Y IIAPHIPHOMY By3JIi
IIBOJIAaHKOBOI MaHINyJISTOPHOI CUCTEMU. BCTAHOBJIEHO HOBI 3aJIE>KHOCTI BEJIMYMHY MOMEHTY B IIAPHIpi Bif, yacy
PO3BOPOTY JIAHKM MaHIIMyJIATOpPa Ta MaCOBO-iHEPLIHUX [1apaMeTPiB OCHOBHOTO Tijla I KOPUCHOTO HABAHTKEHHS.
Po3po6eHo 11 anpo60BaHO OPUTiHAIBHY METOJMKY €KCIIEPUMEHTAIbHOTO BU3HAYEHHS JIOQTIB i OAATINBOCTEN y
IIApHiIpHUX By3JIaX MaHIMYJISTOPIB Ta IITAHT KOCMIYHHUX allapariB, sika 6a3yeTbcs Ha OTOrpaMMETPUYHOMY METOZ.
[To6bymoBaHO aBTOPCHKY METOAMKY BUITPOOYBaHb 3pa3Ka (JlaHLeBOro 3'€JHaHHS JIaHKU MaHilyssiTopa Ha Aio
OCHOBHUX BHUJIiB MEXaHIYHUX HABAaHTAXXEHb: 3TMHAHHS, KDYU€HHSI Ta PO3TAr-CTUCK. JJOCTOBIpHICTb OZl€pP>KaHUX
pe3ysbTaTiB 3a6e3nedeHa BUKOPUMCTAHHIM aHANITUYHUX HiIXOiB TeOopii MPYKHOCTI, alpOOOBAHUX MATEMATUYHUX
MoOJeJsiell, YUCIOBUX aJITOPUTMIB Ta POTOrpaMMETPUYHNX METOIMK. Pe3ynbTaTy po3paxyHKiB 3icTaBiieHi 3
HasIBHMMU aHaJliTUMHUMHU PO3B'S3KaMU, IO MiATBEPIKYE iX HAyKOBY OOI'DYHTOBAHICTb. [IpakTUYHE 3HaYEHHS
po60TH NoJIsArae y po3pooli HOBOi MaTEMAaTUYHOI MOZEJIi MHAMIKY Ta KIHEMAaTUKU MaHINyJsTOPa 3 ypaxyBaHHSIM
KOHCTPYKTUBHUX i PYHKI[IOHAJIbHUX OCOOJIMBOCTE. 3alIpONIOHOBAHI MiIXOAM JO3BOJISIOTh MiJBUIUTH TOUHICTD
MO/JIEJIIOBAaHHS, ONITUMi3yBaTU aJiTOPUTMHU KE€PYBaHHS Ta BLOCKOHAJIMTU MTPOLIEC TPOEKTYBAHHS 6araToOJIaHKOBUX
KOHCTPYKLi#. OTprMMaHi pe3ysbTaTh MOXYTb OYTU BIIPOBAIKEHI B KOHCTPYKTOPCBKil IIPaKTULi IpA CTBOPEHHI Ta

MoJepHizanii po60TH30BaHMX CUCTEM PAKETHO-KOCMIYHOI TeXHiKH.

2. The dissertation proposes a novel methodology for improving the parameters of space manipulators by
identifying and accounting for both continuous and localized elastic compliances. This approach enables more
accurate control over the dynamic processes of payload transportation and positioning, as well as the
consideration of structural element flexibility at the design stage of control systems. For the first time, systemic
theoretical and experimental results have been obtained on the compliance characteristics of space manipulator
components, including links, joint, and flange assemblies. Computational experiments were conducted to analyze
the dynamic characteristics and internal forces in the joint of a two-link manipulator system. New dependencies of
the joint torque on the link rotation time and the mass-inertial parameters of the main body and payload have
been established. An original methodology for the experimental determination of backlash and compliance in the
joints of manipulators and spacecraft rods has been developed and validated, based on a photogrammetric method.
A custom experimental procedure was created for testing a sample flange joint of the manipulator link under key
types of mechanical loads: bending, torsion, and tension-compression. The reliability of the obtained results is
ensured by the correct application of analytical elasticity theory, validated mathematical models, numerical
algorithms, and photogrammetric methods. The results were compared with known analytical solutions, which
confirms their scientific validity. The practical significance of the work lies in the development of a new
mathematical model of manipulator kinematics and dynamics that considers structural and functional features.
The proposed approaches increase the accuracy of dynamic modeling, optimize control algorithms, and improve
the design process for multi-link structures. The obtained results can be implemented in engineering practice for
the development and modernization of robotic systems in aerospace technology.
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