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Pedepar:

1. Incepranifina po60TH IPUCBSIY€HA BUPIIIEHHIO aKTyaJIbHOI Ta BXXJIMBOi HAYKOBO-TIPUKJIQAHOI 3a1a4i
nigBUIIEeHHS e(PEKTUBHOCTI KEPYBaHHSI IT'€30€JIeKTPUYHUM MIKpOMaHIINyIaTOpoM Ha 6a3i JiHiiHNX
II'€30€JIEKTPUYHHUX JBUT'YHIB Ha CTOSYMX aKYCTUYHUX XBUJISIX 3 [IPSIMOKYTHUM PE30HATOPOM B MIKpO- Ta
HaHoZjana3oHax MWBUIKOCTEN, 0 JOCSTHYTO 32 PaXyHOK MOAAJIBIIOrO PO3BUTKY i BIIOCKOHAJIEHHS ICHYIOUMX
METO/IiB KEPYBaHHS I1'€30€JIeKTPUYHUM MIKPOMAHIITyJISTOPOM, PO3POOKU TPOrpaMHO-aNapaTHUX pillleHs, iX
peasizanii Ta cucTeMu KepyBaHHS Ha ix OCHOBI. I1if e(deKTUBHICTIO TyT po3yMieThCsl 6askaHa BifTIOBIIHICTh
HACTYITHUM KPUTEPIsIM: ~IIMPOKUI Aiarnia3oH WBUAKOCTI pyxXy; ~HU3bKUI piBeHb BiOpallill; ~-TOYHICTb
[IO3MLII0HYBaHHS; ~-MaHEBPEHICTh (TOYHA Ta LIBUAKA PEaKLis Ha KOMaHAy KepyBaHHsl). [IpoBesieHO aHai3
KOHCTPYKLii MiKpOMaHiNy1ITOpa, a TaKOX 10ro 6a30BOro KOMIOHEHTY — JIiHiHOTO IT'€30€JIEKTPUYHOrO JBUTYHA.

JocminKeHo BJIaCTUBOCTI pe30HaTopa I1'€30€JIEKTPUYHOTO IBUTYHA, & TAKOK YMOBHU YTBOPEHHS JBOX B3a€MHO-



NEePIEeHIVKY/ISIPHUX MEXaHIYHNX KOJIMBAaHb B HbOMY [IJIs1 BUHUKHEHHS eJIiNcy pyxy. Lle gano 3Mory oLiHuTi
MO>KJIMBOCTI JIBUTYHA, IE€PEBaru Ta HEJOJIIKU B KOHTEKCTI 3aCTOCYBaHHS MOT0 B MiKpOMaHINyJIALINHINA cucTeMmi, a
TaKOXX BU3HAYUTU LJISIXU OTPYMMAHHS IIOKPALEHMX XapaKTEPUCTUK KiHIIEBOTO IIPUCTPOIO. BCTaHOBIIEHO, 110
OCHOBHMMU IlepeBaraMu JaHOTo TUIy JBUTYHIB € 3JaTHICTb YTPUMYBATH IOJIOXKEHHS 0€3 IIPUKJIAaHHs 4OJAaTKOBOI
€Heprii Ta BUCOKi CTapT-CTOIHI XapaKTePUCTUKYU (MOXJIMBICTb Maii’Ke MUTTEBOTO CTAPTY Ta 3YIIMHKY JIBUTYHA).
[TpoBeneHo HocligyKeHHs JIHIMHUX HalPaBsll0uUX IT€30€eJIeKTPUYHMX IBUTYHIB, a caMe KyTiB BigxusaeHHs Pitch,
Yaw Ta Roll Bif IpsiMOJTiHIMHOTO PyXy KapeTKU JBUIyHA (pPO60YOro iHCTPYMEHTY MaHIIlyJI1aTopa), 110 [aJl0 3MOry
OLIIHUTU BEJIMUVHY BiIXUJIEHHS] pOO0YOro iHCTPYMEHTY MaHIIyJIITOPa B 3aJIEXKHOCTI Bifl HOTO TOBXUHHU.
Po3pobsieHo MmaTeMaTUYHYy MOJIeJIb IlepeMilieHHs] po6040ro iHCTPyMEeHTY MaHIiMyJ IsLifHOI CUCTEeMU IIifl BIVINBOM
KyTOBHUX BifgxuieHs Pitch ta Yaw, 0 fae MOXJIMBICTb aJITOPUTMIUHO KOMIIEHCYBATH [laHi BiIXUJI€HHS OJ1s1
MiHiMi3alii TOXMOKY MO3MLII0HYBaHHS MiKDOMAaHIIYJISITOPA 3 BpaXyBaHHSIM €KCIIEPUMEHTA/IbHUX JAHUX OTPUMaHUX
IIpY JOCJIiIKEHHI HAllPaBJIsIIOUMX ABUTYHIB. 3a JONIOMOTrOI0 NporpamHoro komiiekcy Comsol Multiphysics
IIPOBEJIEHO MOJEIOBAHHS MEXaHIYHUX KOJIMBAaHb IT'€30€JIEKTPUYHOTO PE30HATOPA IBUTYHA, 110 103BOJIUIIO
IiATBEPAUTU HEOOXiIHICTh BUOOPY CaMe IIPAaBOro €J€KTPUYHOrO PE30HAHCHOTO ITiKa JBUTYHA IPY HOro KEPYBaHHI.
Ha oCHOBI excliepuMeHTaIbHUX OOCiIKEHb XapaKTePUCTUK [ BUTYHA MiITBEPIKEHA MOIEJIb MEXaHIUHMX KOJIMBAHb
pe30HaTopa, a caMe, 1[0 Pe30HAHCHA XapaKTepPUCTHKA ABUTYHA Ma€ JBa PE30HAHCHI iKY i Hai6inb epeKTUBHUM
METO/IOM KEPYBaHHS WBUJIKICTIO IBUT'YHA € PETYJI0OBAHHS YaCTOTU 30YI)KEHHS B 30Hi IIPABOT0O CXUJIy IIPABOTO
PE30HAHCHOTO MiKa. YIOCKOHAJIEHO METOJ], KEPYBAaHHSI IT'€30€JIEKTPUYHUM JABUTYHOM 3 IIPSIMOKYTHUM PE30HATOPOM
Ha OCHOBI IIMPOTHO-iMITysIbCHOI Momysuii (ILIIM) msixom MiHimizanii mBMAKOCTI IBUTyHA IIPU MOTO CTApTi Ta
3YIIUHL, 1[0 103BOJINJIO 3MEHIIUTY piBeHb MIyMiB Ta Bibpaliil B 2-10 pasis npu po6oTi B MiKpoianasoHi.
[Topganpmoro po3BUTKY OTPMMaB METOJ, KEPYBAaHHSI I1'€30€JIEKTPUYHUM ABUTYHOM, SIKU 320€311€4UB PEKUM
KepyBaHHS WBUIKICTIO B HAHOiaNa30Hi 3a paXyHOK BUKOPUCTaHHS (iKCOBAHOI KiJIbKOCTI iMITyJIbCiB 30yIKeHHSI (10
20 B IOCJIiTOBHOCTI) 3 peryioBaHHSIM 4aCTOTH CJIiIyBaHHS LIUX IIOCHiIOBHOCTEH, siKa GpopMyBaacs MeXaHiYHUM
3ac000M KepYyBaHHS MiKDOMAaHINyJISITOPOM (I>KONCTHUK, TPEKOOI), IO 03BOJIMIIO MigBUIIUTY MaHEBPEHICTh
KEPyBaHH4 0Oijibllle, HiX y 2 pa3u. YIOCKOHAJIEHO METO], iIBUILIEHOI TOUHOCTI NO3ULiOHYBaHHS I1'€30€JIEKTPUYHOTO
MIKPOMAHIITYJIITOPAa B aBTOMAaTUYHOMY PEKUMI 33 PaXyHOK YHUKHEHHS II€PEPErYII0OBaHb LJISXOM 3MiHM
nepeMillleHHs] MaHilyIaTopa Npyu 6e3rnepepBHOMY PYCi 10 KDOKOBOTO PEKMMY PYXY 3 [TOAAJIBIIONI0 3yIMHKOIO B
TOULli IO3UL[iOHYBaHHA. PO3p006JIeHO aJIrOPUTMIUHI Ta IPOrpaMHi pillleHHs peasizallii yI0CKOHaJIeHUX METO/iB
KepPYyBaHHS II'€30€JIeKTPUYHUM MiKPOMAaHINyIaTOPOM / IBUTYHOM Ta CUCTEMY KEPYBaHHSI HA X OCHOBI, 10
IO3BOJIMJIO JOCSITYU Jiania3oH KepyBaHHS 110 mBuaKocTi 140 MM /c - 0.05 MM/, TOUYHICTD MTO3MLIIIOBAHHS 3
€HKOJlepHOIo Bepcieto (5-10) MKM i, K HaCJIiJiOK, B CepelHbOMY MiABUIINIIO €(PEKTUBHICTh MiKDOMAaHINyJISITOPHOI
CHACTEMHU y NOPIiBHSHHI 3 iCHYI0OYMMU pillleHHsIMU Y 2 pa3yu. CTBOPEHO 3aCO0U KOHTPOJIIO TapaMeTpiB HOBUX
II'€30€JIeKTPUYHUX [IBUTYHIB, SIKi J03BOJISIIOTh BUMIPIOBATH XapaKT€PUCTUKHU IT'€30€JIEKTPUYHOTO PE30HATOPa,
IOCJiIKYBaTH TOYHICTb IepeMillieHb JIiHIHMX HAaIpaBJIslounX Ta 3[iiCHIOBAaTY BUMipIOBaHHS BiOpaliiiHuX edeKTiB
IIpU [OCJIiIP)KEHHI HOBUX METOJiB KEPYBAHHS I1'€30[IBUTYHOM Ta CKOPOTUTH 4ac iX TECTYBaHHS 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) pm 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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