O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0823U100191

Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpaunii: 03-04-2023

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. OMenaH AHaToJil BacuiboBruY

2. Omelian Anatolii Vasylovych

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs

Bupg, pucepranii: nokrop dinocodii

IIIu¢p HayKoOBOi CHeliaIbHOCTI: 172

HasBa HayKOBoi cneuiaJIbHOCTi: EnexrtpoHika Ta TenekomyHikanii. TesexoMyHikalii Ta pagioTexHika
T'any3s / rany3i 3HaHb:

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3acTocoByeThCH

Jara 3axHcCTy: 27-03-2023

CrneniaJbHICTh 3a OCBITOIO: TesnekomyHiKkallii Ta pajlioTextika

Micue pOﬁOTPl 3,q06yBaqa: HanjionanbHu# TeXHIYHUN YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

inctutyt imeHi Irops CikopceKoro”

Kog 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [lepemoru, 6ya. 37, M. Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HayKu YKpaiHu
Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHOi BYEHOI pagH (pa30Boi CIeNiagai30BaHOi BY€HOI pagu): [1d 26.002.12

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoo KeHHS: npocrekt [lepemory, 6yx. 37, M. Kuis, 03056, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu
InenTugikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuyHuil yHiBepeuteT Ykpainm "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocrekt [lepemory, 6yx. 37, M. Kuis, 03056, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu
InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TemaTHYHHX PYOPHK: 55.42.81

Tema gucepranii:
1. MeTonu Ta cucrema MifBuIleHoi e(peKTUBHOCTI KEPYBaHHS I1'€30€JIEKTPUYHUM MiKPOMaHINyIsITOPOM

2. Methods and system of increasing the efficiency of piezoelectric micromanipulator control

Pedepar:

1. InceprauiiiHa po60TH NPUCBSIYEHA BUPIII€HHIO aKTyaJIbHOI Ta BXKJIMBOI HAYyKOBO-TIPMKJIAAHOI 3aayi
nigBUILEeHHS €(PEeKTUBHOCTI KEPYBaHHS I1'€30€JIeKTPUYHUM MiKPOMaHIIyISITOPOM Ha 6a3i JIiHIHHUX
[I'€30€JIEKTPUYHHUX [IBUTYHIB Ha CTOSTYMX aKYCTUYHUX XBUJISIX 3 IPSIMOKYTHUM PE30HATOPOM B MIKpO- Ta
HaHOZiana3oHax MBUIKOCTEN, O JOCSITHYTO 32 PaXyHOK MOAANBIIOrO PO3BUTKY i BIOCKOHAJIEHHS ICHYIOUMX
METO[IiB KEPYBaHHSI IT'€30€JIeKTPUIYHUM MIKPOMaHINyJsITOPOM, pO3POOKH IIPOrpaMHO-ariapaTHUX pillleHs, iX
peasizallii Ta cucTeMU KepyBaHHS Ha ix OCHOBI. I1if epeKTUBHICTIO TyT PO3yMieThCsl 6a’kaHa BifTIOBiIHICTb

HACTYIHUM KPUTEPISIM: -IIMPOKUI Aianla30H WBUAKOCTI PyXy; ~HU3bKUI piBeHb BiOpallill; ~-TOYHICTb



[IO3MLIIOHYBAHHS; ~-MaHEBPEHICTh (TOYHA Ta IIBUAKA PEaKLis Ha KOMaHAy KepyBaHHsl). [IpoBelieHO aHasi3
KOHCTPYKIii MIKpoMaHinyssTopa, a TaKoX 10ro 6a30BOro KOMIIOHEHTY — JIiHIHHOTO IT€30€eJIeKTPUYHOTO JBUTYHA.
JlocigpKeHOo BIaCTUBOCTI PE30HATOPa I1'€30€JIEKTPUYHOIO JBUTYHA, 8 TAKOXK YMOBM YTBOPEHHS IBOX B3a€EMHO-
NepIeHIVKYJISIPHUX MEXaHIUHMX KOJIMBaHb B HbOMY [1JIs1 BUHUKHEHHS eJlifcy pyxy. Lle gano 3Mory oLiHuTi
MOJKJIMBOCTI IBUT'YHA, TIEPEBAry Ta HEJOJIIKU B KOHTEKCTI 3aCTOCYBAaHHA MOT0 B MiKpOMaHIINYJIALINHIN CUCTEM], a
TaKOX BU3HAYUTU LJISIXU OTPYMMAHHS IIOKPALEHMX XapaKTePUCTUK KiHIIEBOTO IIPUCTPOIO. BCTaHOBIIEHO, 110
OCHOBHMMU IlepeBaraMy JaHOTO TUIy JBUTYHIB € 3[1aTHICTb YTPUMYBATH I0JIOXKEHHS 0€3 IPUKJIALaHHs 40JaTKOBOI
€Heprii Ta BUCOKi CTapT-CTOIHI XapaKTePUCTUKHU (MOXJINBICTb Mal’Ke MUTTEBOTO CTapTy Ta 3yIMHKY IBUTYHA).
[TpoBeneHo HoCligyKeHHs JIHIMHUX HAIIPaBJIsIIOUMX IT€30€JIeKTPUYHMX ABUTYHIB, a caMe KyTiB BigxusaeHHs Pitch,
Yaw Ta Roll Bif npsiMoJTiHIHOTrO PyXy KapeTKU JBUIryHA (pPO60YOro iHCTPYMEHTY MaHIIlyIaTopa), 110 [1ajl0 3MOTy
OLIiIHMTY BEJIMYMHY BiZIXUJIEHHS POOOYOTO iHCTPYMEHTY MaHIIyJIsTOPA B 3aJI€KHOCTI Bifl IOT0 JJOBXMHMU.
Po3po6sieHO MaTeMaTUYHy MOZEb IEPEMIlLIEHHS] POO0YOro iHCTPYMEHTY MaHIIyJIsLiliHOI CUCTEMHU MiJ, BINIMBOM
KyTOBUX BigxuieHb Pitch ta Yaw, 1m0 flae MOXJIUBICTD aJITOPUTMIYHO KOMIIEHCYBATH [laHi BilXUJI€HHS OJ1s1
MiHiMi3alii NOX1OKY MO3U1I0HYBaHHS MiKDOMAaHIIyJISITOPa 3 BpaXyBaHHSIM €KCIIEPUMEHTAIbHUX AHUX OTPUMaHUX
IIPU JOCJIiIP)KEHH] HallpaBJIslI0YMX ABUTYHIB. 3a JOIOMOrOI0 IporpamHoro komiiekcy Comsol Multiphysics
IIPOBEJIEHO MOJEIOBAHHS MEXaHIYHUX KOJIMBaHb IT'€30€JIEKTPUYHOrO PE30HATOPA IBUTYHA, 110 103BOJIUIIO
NiATBEPAUTU HEOOXiHICTh BUOOPY CaMe IIPAaBOro €JIEKTPUYHOrO PE30HAHCHOTO ITiKa JBUTYHA IPY HOTro KEPYBaHHI.
Ha ocHOBI excliepuMeHTaIbHUX JOCiIKEHb XapaKTePUCTUK JBUTYHA MiJTBEPI)KEHA MOI€/Ib MEXaHIUHMX KOJIMBAaHb
pe30HaTopa, a caMe, [0 Pe30HAHCHA XapaKTePUCTHKA ABUTYHA Ma€ JBa PE30HAHCHI iKY i Hai6inp epeKTUBHUM
METOJIOM KEPYBaHHSI MIBUJKICTIO JBUTYHA € PETyJIIOBAHHS YaCTOTU 30yIKEHHS B 30Hi IPABOTO CXUJTY IIPABOTO
PE30HAHCHOTO TiKa. YIOCKOHaJIEHO METOJ, KEPYBAHHSI IT'€30€JIEKTPUYHUM JABUTYHOM 3 ITPSIMOKYTHUM PE30HATOPOM
Ha OCHOBI IIMPOTHO-iMITyJIbCHOI MoaysLii (LLIIM) musixom miHiMi3anii MBUIKOCTI ABUTYHA ITPU MIOTO CTapTi Ta
3YIUHL, [0 03BOJINJIO 3MEHILINTY piBeHb MyMiB Ta Bibpaniil B 2-10 pasis mpu po60Ti B MiKpoZianasoHi.
[Tomanpmoro po3BUTKY OTPUMAaB METOJL, KEPYBaHHS IT'€30€JIEKTPUYHUM JIBUTYHOM, IKUI 3a6€311€YNB PEKUM
KEePyBaHH$ MIBUIKICTIO B HAHO/1ialla30Hi 32 paXyHOK BUKOPUCTaHHS (PiKCOBAHOI KiJILKOCTI iMITyJIbCiB 30y IKEHHS (0O
20 B OCJIiZOBHOCTI) 3 peryJIl0BaHHSIM YaCTOTHU CJIiJyBaHHSI LIUX [IOCiJOBHOCTEH, sKa (pOpMyBajacsi MEXaHIYHUM
3ac000M KepyBaHHS MiKDOMaHINyJISITOPOM (I>KONCTHUK, TPEKOOII), IO O3BOJIMJIIO MigBUIIUTY MaHEBPEHICTh
KEepyBaHH4 Oijibllle, HiX y 2 pa3u. YIO0CKOHAJIEHO METOJ, iIBULIEHO] TOUHOCTI N03UL[iOHYBaHHS I1'€30€JIEKTPUYHOTO
MiKpDOMAaHIIyJIITOpa B aBTOMAaTUYHOMY PEXKMMi 32 PaXyHOK YHUKHEHHS II€PEPETYJIIOBAHb HIJIIXOM 3MiHU
nepeMillleHHs] MaHily1aTopa Npyu 6e3rnepepBHOMY PYCi 10 KDOKOBOTO PEKMMY PYXY 3 [TOAAJIBIIONI0 3yIMHKOI B
TOULli I03UL[iOHYBaHHS. PO3p006yIeHO aJirOpUTMIUHI Ta IPOrpaMHi pillleHHs peasizallii yI0CKOHaJIeHUX MeTO/iB
KEPYBaHH$ IT'€30€JIEKTPUYHUM MiKPOMaHIIyJISITOPOM / OBUTYHOM Ta CUCTEMY KEPYBAHHS HA iX OCHOBI, 110
IO3BOJIMJIO NOCAITYU Iiania3oH KepyBaHHS 110 mBUIKocTi 140 MM /c - 0.05 MM/, TOYHICTb MTO3MLIIIOBAaHHS 3
€HKOJlepHOIo Bepcieto (5-10) MKM i, K HaCJIiJIOK, B cepelHbOMY MiABUIINIIO €(PEeKTUBHICTh MiKDOMAaHIINyJISITOPHOI
CHACTEMHU Yy NNOPIiBHSHHI 3 iCHYI0OUMMHU pillleHHsIMU Y 2 pa3yu. CTBOPEHO 3aCO0U KOHTPOJIIO TapaMeTpiB HOBUX
I'€30€JIeKTPUYHUX [IBUTYHIB, SIKi J03BOJISIIOTh BUMIPIOBATH XapaKT€PUCTUKHU I1'€30€JIeKTPUYHOTO PE30HATOPa,
IOCJIiIKyBaTy TOYHICTh IepeMileHb JIHIMHNX HAaIPaBJsl0unX Ta 3[iCHIOBATY BUMipIOBaHHS BiOpaniiiHuX edeKTiB
IIPY JOCJIiIPKEHHI HOBUX METO/IiB KEPYBAHHS IT€30BUTYHOM Ta CKOPOTUTH 4ac iX TECTYBAaHHS B CEPEHbOMY B 1.5-2

pasu.

2. The dissertation is devoted to solving the actual and important scientific and applied problem of improving the
control efficiency of a piezoelectric micromanipulator based on linear piezoelectric motors on standing acoustic
waves with a rectangular resonator in the micro- and nanospeed ranges, which was achieved due to the further
development and improvement of existing control methods piezoelectric micromanipulator, development of
hardware and software solutions, their implementation and control systems based on them. Effectiveness here
means the desired compliance with the following criteria: - a wide range of movement speed; - low vibration level;
-accuracy of positioning; -maneuverability (accurate and quick reaction to the control command). An analysis of
the design of the micromanipulator, as well as its basic component - a linear piezoelectric motor, was carried out.
The properties of the resonator of the piezoelectric motor, as well as the conditions for the formation of two



mutually perpendicular mechanical oscillations in it for the emergence of a motion ellipse, were studied. This
made it possible to evaluate the motor's capabilities, advantages and disadvantages in the context of its application
in a micromanipulation system, as well as to determine ways to obtain improved characteristics of the final device.
It has been established that the main advantages of this type of engine are the ability to maintain a position
without applying additional energy and high start-stop characteristics (the possibility of almost instantaneous
start and stop of the engine). A research of the linear guides of piezoelectric motors, namely the angles of deviation
of Pitch, Yaw and Roll from the rectilinear movement of the motor carriage (working tool of the manipulator) was
carried out, which made it possible to estimate the amount of deviation of the working tool of the manipulator
depending on its length. A mathematical model of the movement of the working tool of the manipulation system
under the influence of Pitch and Yaw angular deviations has been developed, which makes it possible to
algorithmically compensate the deviation data to minimize the positioning error of the micromanipulator, taking
into account the experimental data obtained during the study of the guide motors. With the help of the Comsol
Multiphysics software complex, the simulation of mechanical vibrations of the piezoelectric resonator of the
engine was carried out, which made it possible to confirm the necessity of choosing the right electrical resonance
peak of the engine during its control. On the basis of experimental studies of the engine characteristics, the model
of mechanical oscillations of the resonator was confirmed, namely, that the resonance characteristic of the engine
has two resonance peaks and the most effective method of controlling the engine speed is to adjust the excitation
frequency in the zone of the right slope of the right resonance peak. The method of controlling a piezoelectric
motor with a rectangular resonator based on pulse width modulation (PWM) has been improved by minimizing the
speed of the motor during its start and stop, which allowed to reduce the noise and vibration level by 2-10 times
when working in the micro range. The method of controlling the piezoelectric motor was further developed, which
provided a speed control mode in the nanorange due to the use of a fixed number of excitation pulses (up to 20 in
a sequence) with regulation of the frequency of following these sequences, which was formed by a mechanical
means of controlling a micromanipulator (joystick, trackball), which made it possible to increase maneuverability
by more than 2 times. The method of increased positioning accuracy of the piezoelectric micromanipulator in
automatic mode has been improved due to the avoidance of over-adjustments by changing the movement of the
manipulator during continuous movement to a step mode of movement followed by a stop at the positioning point.
Algorithmic and software solutions for the implementation of improved methods of controlling a piezoelectric
micromanipulator / motor and a control system based on them were developed, which allowed to achieve a speed
control range of 140 mm/s - 0.05 mm /s, positioning accuracy with the encoder version (5-10) um and, as a result,
on average, increased the efficiency of the micromanipulator system in comparison with existing solutions by 2
times. The means of controlling the parameters of new piezoelectric motors have been created, which allow to
measure the characteristics of the piezoelectric resonator, to study the accuracy of movements of linear guides,
and to measure vibration effects when researching new methods of controlling a piezoelectric motor, and to
reduce the time of their testing by an average of 1.5-2 times.
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