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1. MeTo10 nucepTaliitHoOi po60TH € yIOCKOHATIEHHSI MATEMAaTUYHOTO MOJIEJII0BaHHS 06epTaIbHOTO PyXy TBEPAOTO
TiJIa 32 PaxyHOK y3araJbHEHHS METOJly aHAJiTUYHUX €TAaJIOHHUX MOJIeJIel, IKUI 6a3yeThCsl HA €eBPUCTUYHOMY
IIpeJCTaBJIeHHI KBaTepHiOHA OpieHTallil y BUIVISIAL CYNIeprO3ULiii TPUTOHOMETPUYHUX QYHKIiH JiHITHUX KYTiB.
O6'eKT DOCIIIIKEHHS — BUSHAYEHHS OpieHTalji B 6e311aTGOPMEHNX iHepLiaJIbHUX CUCTEMax opieHTauii. [Ipenmer
IOCJIiIKEeHHS — MOJIEJIOBaHHSI 06€PTaIbHOTO PYXy TBEPOTO Tijla 3 BAKOPUCTAHHSM arapary KBaTepHiOHIB i
aHaJIITUYHOI MeXaHiKU. Y BCTYIIi JOBEAEHO aKTyasbHICTh PO3POOKM MOZesiel, sIKi BiTBOPIOIOTh crieludivyHi TUIIN
KyTOBOT'O PyXy Ta ONTMMi3allii aIrOpUTMiB BU3HAUYEHHSI OpieHTallii NiJ Takuil pyx 00’eKTiB. HaBeneHo 3B'130K po60oTH
3 HAYKOBMMHU IIpOrpamMamMy, IIJlaHaMU i TeMaMH, OIIMCaHO HAYKOBY HOBU3HY, [IPEACTABIEHO NPAKTUYHE 3HAYEHHS

OTPUMAaHUX Pe3yJbTaTiB, HaJlaHO iHPOPMaILilo 00 0COOUCTOrO BHECKY 3700yBaya, IPeICTaBJIeHO IepeJliK



ny6Jikaliil 3a TemMolo AucepTaLii. Y nepuomy po3aisi geTanabHO OMUCAHO MPUHLUIN POOOTH OOUNCIIIOBAILHOTO
610Ky 6e3n1aTHOpMEHHMX iHepIiaJIbHUX HaBiraliiiHUX CUCTEM, LISIX iX PO3BUTKY Ta IOPIiBHSIHHS 3 iHIIMMUA
BUJAaMU HaBirauilHux cucreM. HaBeneHo kynacugikallilo iCHyI0UMX aJrOpUTMiB BUBHaY€HHsI OpieHTalll.
[lepepaxoBaHo IXepesia IOMUIIOK, SIKi BAHMKAIOTh B TAKMX CUCTEMAaX Ta METOAMKH iX KOMIIE€HCALlii.
[TpoaHasnizoBaHO iCHYIOUi METOAM MOJIEIIOBAHHS Ta TECTYBaHHS POOOTH OGUNCIIOBATIBHOTO 6J10Ky. OGIpyHTOBAHO
IOLIbHICTh ONTUMI3alii 6e3rnaTopMeHHNX CUCTEM HaBirauji nig xapakTepuCTUKY PyXy Cy4yaCcHUX OO€KTIB. ¥
IpYroMy po3Jiji OIMCaHO NPUHLIMIIY, 32 SIKUMU BUKOHY€ETbCSI MaTEMAaTUYHE MOJIEIIOBAHHS POOOTH

004K CIII0BAIBHOTO 6JI0KY 6€3M1aT(POPMEHHUX CUCTeM HaBiranii. [lepepaxoBaHO BUMOTH, $IKi BUCYBAIOTbCS 4O TAaKUX
MoOJeJsiell, BpaXOBYIOUH iX 3aJIeXKHICTb Bifj CTYIIEHIB BiIbHOCTI 00’eKTa, siIkuil o6epTaeTbcsi. CHOOpMOBAaHO OCHOBHI
3a/laui JucepTaliiiHoi po6oTy Ta METOAU iX po3B’s13Ky. [I06y10BaHO HOBI €TaJIOHHI MOJeJIi, SIKi peasiszyloTh
ob6epTasibHMI PyX 00’€KTa Ta IJISIXOM YUCEIbHOTO MOJIEJIIOBAHHS IOBELIEHO, 110 KOXKHA 3 HUX peaslidye yHiKajbHi
XapaKTEPUCTUKHU KyTOBOT'O PYXY, BiIMiHHi Bifj Klacn4YHUX. OTPMMaHO PO3B'SI3KU BiJINIOBiIHMX KiHEMAaTUYHUX PiBHSHb
Ta CUCTEMM IUHAMIiYHUX piBHAHB Eisiepa. OCTaHHi rpaloTh BaXXJIMBY POJIb Y 3a7ja4axX KEPyBaHHS Ta IepeopieHTallji
00'eKTiB. Y TPETbOMY PO31iJli IPOBEAEHO OLiHKY TOYHOCTi pOOOTH [1IBOX aJITOPUTMIB BU3HAYEHHS OpieHTalii 4-ro
NOPSAKY TOYHOCTI. Ha OCHOBI OTpUMaHOTro pe3ysbTaTy, AJ1s1 IOJasblloi peasnisanii o6paHo aaroputm Misiepa.
3HaliieHO HOBi 3HaUeHHSI [IapaMeTpiB LIbOT0 aJITOPUTMA, 32 SIKUX ITOXUOKa Apeiidy € MEeHIIO0, HixK 3a KJIACUYHUX
3HayeHb. Onucano GakTopu, sIKi IPU3BOIATD 10 3MEHIIEHHs (AKTUYHOI TOUHOCTI aJirOpUTMa B IIOPiBHSIHHI 3
MaTeMaTU4HOIO. JJOCiI)KeHO 3Ha4Y€HHS MOIYJIiB KyTOBOI IIBUAKOCTI 1151 pO3PO0JIEHMX MOZIEJIENl OOEPTOBOTO PYXY,
3a SIKUX JOCSITaEThCSl OOpaHa TOYHICTb AJITOPUTMA BU3HAYEHHS OpieHTalii. Y 4eTBepTomMy po3fini chOpMOBaHO YiTKi
XapaKTepUCTUKY BUCOKOMAaHEBPEHOI0 00’eKTa Ta JOBEAEHO, 110 OJHA 3 PO3PO0JIEHUX MOZiesiel O3BOJISIE
BiITBOPIOBATU TaKui TUI pyxy. [j1s1 Liei Mopesi 3HalieHO 11e oguH Habip napaMmeTpis anroputma Minsepa, ki y
BUIIAJIKy BUCOKOI IIBUAKOCTI 06€pTaHHS NPUCTPOIO JAI0Th TOXUOKY npeiida, meHiny Ha 10-7 paf MOPiBHSAHO 3
KJIaCUYHMMMU 3HadeHs MU napameTpis (0=33 /80; 0=57/80). loBeneHo, 110 HOBI YOTUPbOXYACTOTHI MOJi€Jli BpaxOBYIOTb
B c00i BILJIMB BiOpaLilHOr0 OTOYEHHS Y BUIJISIi FapMOHIMHUX KOJIMBaHb. Y I'ITOMY PO3iJi ONMCAaHO [IPOrPaMHUM
3aCTOCYHOK, pO3p00JIeHNH 17151 YACEbHOI peasisalii mogesnent. Hanucano nporpamy MoBoio C++ 3 BUKOPUCTAHHSIM
€JIEMEHTIB 00'€KTHO-OPi€HTOBAHOTO IPOrpaMyBaHHsl. BuxiiHi JaHi aBTOMaTUYHO 3anuCyl0Thes 1o Exel-gaiiny. B
1IbOMY X (ailyli BUKOHY€ETHCS I00YA0BA BiflIOBiIHMX rpadikiB 3asexxHocTel. [lepepaxoBaHO OCHOBHI BUMOTHY 151
BCTAHOBJIEHHSI 3aCTOCYHKY Ha KO)KHOMY KOHKPETHOMY IPUCTOPOi. ONIMCaHO XapaKTEPUCTHKU Ta OOMEXEHHS
BXiIHUX YMOB, HEOOXiIHUX 1J1s peaisalii o6unceHb. Y BUCHOBKaX I€pPepaxoBaHO rOJIOBHI pe3yIbTaTy HAyKOBOI

pobOTH, 5IKi € po3B’s13KaMu C()OPMOBAHUX TEOPETUYHUX Ta NIPUKIJIANHUX 33434 LOCTiIKEHHS.

2. The aim of the dissertation work is an improvement of the mathematical modeling of the rotational motion of a
rigid body due to the generalization of the method of analytical reference models, which is based on the heuristic
representation of the orientation quaternion in the form of a superposition of trigonometric functions of linear
angles. The object of research is determination in strapdown inertial orientation systems. The subject of research
is the simulation of the rotational motion of a rigid body using the quaternion apparatus and analytical mechanics.
The introduction proves the relevance of developing models that reproduce specific types of angular movement
and optimizing algorithms for determining the orientation for such movement of objects. The connection of the
work with scientific programs, plans and topics is given, scientific novelty is given, the practical significance of the
obtained results is presented, information is provided about the personal contribution of the recipient, a list of
publications on the topic of the dissertation is presented. The first chapter describes in detail the principles of
operation of the computing unit of platformless inertial navigation systems, the way of their development and
comparison with other types of navigation systems. The classification of existing orientation determination
algorithms is presented. Sources of errors that occur in such systems and methods of their compensation are
listed. The existing methods of modeling and testing the operation of the computing unit are analyzed. The
expediency of optimizing platformless navigation systems for the characteristics of the movement of modern
objects is substantiated, the numerical implementation of models in the form of trajectories in the configuration
space and time dependencies is given. The second chapter describes the principles by which mathematical
modeling of the computing unit of platformless navigation systems is performed. The requirements for such



models are listed, taking into account their dependence on the degrees of freedom of the rotating object. The main
tasks of the dissertation have been formulated. New reference models have been built that realize the rotational
motion of the object, and it has been proven through numerical simulation that each of them realizes unique
characteristics of angular motion, different from the classical ones. The solutions of the corresponding kinematic
equations and the Euler system of dynamic equations were obtained. The latter play an important role in the
management and reorientation of objects. In the third section, the accuracy of two algorithms for determining the
orientation of the 4th order of accuracy is evaluated. Based on the obtained result, Miller's algorithm was chosen
for further implementation. New values of the parameters of this algorithm were found, for which the drift error is
smaller than for classical values. The factors that lead to a decrease in the actual accuracy of the algorithm
compared to the mathematical one are described. The values of the angular velocity modules, which achieve the
chosen accuracy of the orientation determination algorithm, were studied for the developed angular motion
models. In the fourth chapter, clear characteristics of a highly maneuverable object are formed and it is proved
that one of the developed models allows to reproduce this type of movement. For this model, another set of
parameters of the Miller algorithm was found, which in the case of a high rotation speed of the device give a drift
error smaller compared to the classical parameter values . It has been proven that the new four-frequency models
take into account the influence of the vibrating environment in the form of harmonic oscillations. The fifth chapter
describes the software application developed for the numerical implementation of the models. The program was
written in the C++ language using elements of object-oriented programming. The output data is automatically
saved to an Excel file. In the same file, construction of the corresponding graphs of dependencies is performed.
The basic requirements for installing the application on each specific device are listed. The characteristics and
limitations of the input conditions necessary for the implementation of calculations are described. The conclusions
list the main results of the scientific work, which are solutions to the formed theoretical and applied research
problems.
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