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Pedepar/aHoTanis:

1. Incepraniiina po60Ta IPUCBIY€HA BUPIIIEHHIO aKTyaJIbHOTO HAaYKOBO-TIPUKJIQAHOTO 3aBAAHHS 3 aBTOMATH3aLlii
IIPOLECiB HAJIAMITYBAHHSI Ta 6ajlaHCYBaHHS KOPioJlicOBUX BibpaliiiHux ripockomnis (KBI') i3 meTaseBuM
LIWJIIHAPUYHUM PE30HAaTOPOM, BUPOOHUIITBO SIKUX ONIAaHOBAHO B YKpaiHi. 3BaXkalouy Ha HEOOXiTHICTh epexony Bif,
OJIMHMYHOTO BUPOOHULITBA 10 CEPiNHOrO, IOCTae NpobjeMa HeJOCKOHAIOCTI HassBHUX MiJX0LiB O BUIIPOOYBaHb Ta
HasamtyBaHHs KBI'. Bunukae roctpa norpeba y BIOCKOHAJIEHHI CHUCTEM aBTOMAaTH3allii BUIPOOyBaHb Ta
HanamTtyBaHHs KBI' miHimizalii cy6’eKTHBHOTO BIJIMBY, MiJBUIIEHHS TOYHOCTI pe3yJIbTATiB Ta CKOPOUYEHHS
TPUBAJIOCTi TEXHOJIOTIYHOIO LMKJIy BUTOTOBJIEHHS NpUjagy. MeTra po6OTH IOJISTae y BIOCKOHAJIIEHHI CUCTEMU
aBToMarusalii BunpobysaHs Ta HanamTyBaHHs KBI' f14 3a6e3ne4eHHs BUMipIOBaHHS Pi3HOYACTOTHOCTI,
napameTpiB JebasnaHcy Ta HajamTyBaHHs [11]1-perynsatopiB cuctemu kepyBaHHs. O6'€KT JOCIiIPKEHb!

BUIIPOOYBAaHHSI Ta HAJIAMITYBaHHS CKJIAZOBUX KOPiosicoBoro BibpalifiHoro ripockorna. [IpegmeT focipKeHb: MeTog,



aBTOMAaTHUYHOTrO BUNPOOYBAHHS Ta HAJIAWITYBAHHS [IapaMeTPiB CUCTEMU KePYBaHHS KOJIMBAaHHSIMU PE30HATOPA
BibpaujiiiHoro ripockora. B gucepratiii Biepie oTprMaHo Taki HAyKOBi pe3yspbTaTi: 1. YIOCKOHANEHO CUCTEMY
aBToMarusalii BurpobysaHHs Ta HasamTyBaHHs KBI' Ha OCHOBI BIOCKOHAJIEHHS] METO/ly BUMipIOBaHHS
Pi3HOYACTOTHOCTI, apaMeTpiB AebanaHcy Ta HajalTyBaHHd [11]]-perysnstopiB cucTeMu KepyBaHHSL. 2.
YI0CKOHasIeHO MeTOJ, BUMIpIOBaHHS Pi3HOUACTOTHOCTI HA OCHOBI 06€pTaHHS CTOSYO0I XBUJII, 110 JO3BOJIUIIO
301IbIIMTY TOYHICTb BUMIiPIOBAHHS Ta BpaxyBaTy TeMIlIepaTypHUI Ipeiid min yac BuMiptoBaHHs. 3. 3allpOIIOHOBAHO
Ta OOI'PYHTOBAHO KpPUTEPIi Ta METOIM ONTUMAIbHOTO HaJlaTyBaHHs KoedilieHTiB [T I-perynsTopis
aBTOMAaTM30BaHOI CUCTEMU BUIIPOOYBAHHS Ta HaJalITyBaHHS. 4. HabyJsa ogaspIioro po3BUTKY TPUPEKAMHA
CHCTEMAa KEPYBAHH4 3 MOXKJIUBICTIO aBTOMaTUYHOI KOMIIEHCAllii 3a/IMIIKOBOI Pi3HOYaCTOTHOCTI MIJIIXOM 3BEIE€HHS
KBaJpaTypHOTrO CUTHAJIY [IO HYJIS 3a SOIIOMOrolo nogatkosoro I1JI-peryngaropa Ha Buxogi [11]]-perynaropa
KBazpartypu. [IpakTU4Ha LiHHICTb pOOOTH MOJISITAa€ Y PO3POOJIEHOMY Ta allpOOOBAHOMY aJITOPUTMIUYHO-
[IpOrpaMHOMY 3abe3redeHHi 1j1s: 6asaHCyBaHHS Ha OCHOBI 06epTaHHS CTOSYO0i XBUJIi; aBTOMaTUYHOTO
BUMIpPIOBaHHS | BU3Ha4YeHHs napamertpis [11]l-perynsatopis cuctemu kepysanHs KBI'. PedyibraTi gOCIiIKeHb
BIIPOBAP)KEHO Y BUPOOHUIITBO. Y NIEPLIOMY PO3/iJli I0JaHO aHaJli3 Cy4aCHOTrO CTaHy aBTOMaTU3allii BUIIPOOYBaHb
ripockomniB. HaBegeHo ¢iznyni npuHuynu po6otu KBI' Ta pesxxumu po60TH CUCTEMU KEPYBAaHHS: PEXXUM 1aTIMKa
KyTOBOI IIBUAKOCTI, iHTerpytounii Ta nudepennianbaui pesxumu. OKpemy yBary MpufisieHo TPUPEKUMHIN cucTemi
KEepYBaHH, sIKa [03BOJIsSIE 00'€JHATY I1€pPEBAry BCixX peXXuMiB 6€3 3MiHU anlapaTHOi YaCTUHU. Y IpyroMy po3zimi
PO3IJISAAI0TLCSI MAaTEMATHUYHI aCTIeKTH pOOOTH CKIAfoBUX cucteMu KepyBaHHs KBI'. IIpencraBieHo MmaTeMaTUYHY
MOJEJIb UMJIIHIPUYHOTO PE30HATOPA HA OCHOBI ABOBICHOIO MAasITHMKA Ta PO3PaXyHOK MOT0 BJIACHUX YaCTOT.
[TpoaHanizoBaHo ciocobu aemMoayJsLii curuany ta pooory [11Jl-perymnsiTopa y KOHTypax CUCTEMU KEPYBaHHS . Y
TPETbOMY PO37iJi onrcaHo po3pobieHi METOAU HalalITyBaHHS Ta BUIIPOOyBaHHs ckianoBux KBTI [IpeacrasieHo
MeToJ, 6ajlaHCyBaHHS Ha OCHOBI OGEPTaHHS CTOSIYO0I XBUJIL, SIKAI MMOKpalllye BUMiPIOBaHHS IapaMeTpiB IebanaHCy.
OnucaHo NpuHUMNY HanamTyBaHHS [11/l-peryngaTopis 11 KOHTYPiB CUCTEMU KePYBaHHS Ta HABEIEHO
indopmariitny Mmozesnb npouecy . IIpefcrapieHo aaropuTM aBTOMaTUYHOI KOMITeHcallii 3a/IMIIKOBO]
Pi3HOYACTOTHOCTI. Y 4€TBEPTOMY PO3iJli HABE[IEHO PE3yJIbTaTH €KCIIEPUMEHTAIBHUX JOCIIiIPKEHb PO3PO0IEHUX
MeToziB. [IpencTaBneHo pe3yabTaTH aBTOMaTUYHOIO BUMIPIOBAaHHS BJIACHOI YaCTOTH aKyCTUYHUM METOMIOM Ta
pe3yJbTaTu 6ajlaHCYBaHHS 3 BUKOPUCTAaHHSIM BU3HAYEHHs [TapaMeTpiB iebalaHCy METOJIOM OOePTaHHS CTOSI4O01
xBWIi . HaBeieHO pe3ysibTaTi BUMIPIOBaHb BUXiJHOIO CUTHAJLy CUCTEMU KEPYBaHHS Y PEXXUMI JlaTuMKa KyTOBOi
IIBAJIKOCTI IpY Pi3HMX MeTOoHax HajamrtysaHHs [11]]-peryngropis. [IpencraBieHo pe3yabTaTy MOLE0BAHHS
aBTOMATUYHOI KOMIIEHCallii pi3HOYaCTOTHOCTI. YCi Pe3yJIbTaTH, 10 BUHOCATHCS HA 3aXUCT, € HOBUMU. BoHU
HEOJHOPa30BO OOrOBOPIOBAJIMCS HA MDKHAPOIHUX KOHpepeHLisx. 3a maTepiasamu pucepTalii ony6sikoBaHo 5

cTraTei, 6 Te3 KOH(pEePEHLil, Ki IOBHOIO MipOI0 BiloOpaXKaroTh ii 3MicCT.

2. The dissertation addresses the urgent scientific and applied task of automating the tuning and balancing
processes of Coriolis vibratory gyroscopes (CVG) with a metallic cylindrical resonator, the production of which has
been established in Ukraine. Given the necessity of transitioning from single-unit to serial production, the problem
of the imperfection of existing approaches to CVG testing and tuning arises. Consequently, an acute need emerges
to improve CVG testing and tuning automation systems to minimize subjective influence, increase result accuracy,
and reduce the duration of the device's manufacturing cycle. The aim of the work is to improve the automation
system for CVG testing and tuning to ensure the measurement of frequency split and imbalance parameters, as
well as the tuning of the control system's PID controllers. The object of the research is the testing and tuning of
Coriolis vibratory gyroscope components. The subject of the research is the method of automated testing and
tuning of the parameters of the vibratory gyroscope resonator oscillation control system. The dissertation delivers
the following new scientific results for the first time: 1. The research improves the automation system for CVG
testing and tuning by enhancing the method for measuring the frequency split and imbalance parameters, as well
as tuning the control system's PID controllers. 2. The study enhances the frequency split measurement method
based on standing wave rotation, which increases measurement accuracy and accounts for temperature drift
during measurements. 3. The work proposes and substantiates criteria and methods for the optimal tuning of the
PID controller coefficients within the automated testing and tuning system. 4. The dissertation further develops



the three-mode control system, incorporating the capability of automatic compensation for the residual frequency
split by reducing the quadrature signal to zero using an additional PID controller placed at the output of the
quadrature PID controller. The practical significance of the work lies in the developed and tested algorithmic and
software support for: balancing based on standing wave rotation; and the automatic measurement and
determination of the CVG control system PID controller parameters. The industry has successfully implemented
these research results into production. The first chapter analyzes the current state of gyroscope test automation.
It outlines the physical principles of CVG operation and control system operating modes: angular rate sensor
mode, integrating (whole-angle) mode, and differential mode. The chapter pays special attention to a three-mode
control system, which allows combining the advantages of all modes without modifying the hardware. The second
chapter examines the mathematical aspects of various CVG control system components. It presents a
mathematical model of a cylindrical resonator based on a two-axis pendulum and details the calculation of its
natural frequencies. The section also analyzes signal demodulation methods and the operation of a PID controller
within the control system loops. The third chapter describes the developed methods for tuning and testing CVG
components. It introduces a balancing method based on standing wave rotation, which improves the measurement
of imbalance parameters. The chapter explains the principles of tuning PID controllers for the control system
loops, presents the process information model, and details an algorithm for the automatic compensation of
residual frequency split. The fourth chapter presents the experimental results of the developed methods. It details
the automatic measurement of the natural frequency using the acoustic method, alongside balancing results
achieved by determining the imbalance parameters via the standing wave rotation method. The section provides
the measurement results of the control system output signal in the angular rate sensor mode under different PID
controller tuning methods. Additionally, it presents simulation results for the automatic frequency split
compensation. All results submitted for defense are new and have undergone repeated discussion at international
conferences. The author published 5 articles and 6 conference abstracts based on the dissertation materials, fully
reflecting its content.
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VIII. 3aKkJII04Hi BiZmoMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI 36pyupkuit Onexcauzp Bacuibosuy
rOJIOBH pajgu

Biacue IpizBuie Im's I10-6aThKOBI 36pyupkuit Onexcauap Bacunposid
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigaibHUH 32 MiZTOTOBKY Crpoxkay I'puropiii FOpiiioBny
00JIIKOBHX JOKYMEHTIB

Peecrpa'rop Opuenko TersiHa AHaToJIiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




