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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit
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IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0
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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHUX PYOPHK:

Tema guceprauii:
1. AKycTOeIeKTPOHHI IepeTBOPIOBaYi 3 0€3KOHTAKTHUMU €JIEKTPUYHO II0B'SI3aHUMU YyTJIMBUMU eJIeMeHTaMU

2. Acousto-electronic transducers with contactless electrically linked sensing elements

Pedepar:

1. Inceprarist pUCBAYEHA CTBOPEHHIO HOBOTO MiIKJIaCy BUCOKOUYTJIMBUX I1I€PETBOPIOBAYIB (Pi3YHMX BEJIMYMH Ha
OCHOBI BUKOPHCTAHHSI €JIEKTPUYHOTO 110151 TOBEPXHEBUX aKyCTUYHUX XBUJIb (ITAX), 10 MOMMPIOIOTHCS Ha
II'€30€JIEKTPUYHUX CTPYKTYPax, AJIsl CTallioHAapHUX Ta 6e3MPOBiTHUX PaliOBUMIpIOBaJIbHUX cUCTeM. TeopeTuyHo
OOrpyHTOBAHO Ta peasi3oBaHO METOJ, BUMipIOBaHHS JIiHIMHMX Ta KYTOBUX IIEPEMIllleHb 3 BAKOPUCTAHHSAM (Pa30BUX
Habira"b €JIEKTPUYHOTO 1014 KijibKOX [TAX 3 pi3HMMU YacTOTaMu 3 (POPMYBaHHSIM TOYHOI, IPOMIXKHOI Ta rpy06oi
IIKaJI IepeTBOPIOBaYa 3 6e3KOHTaKTHUM [TAX-nipuitmauem. [Ipu 36ymkenHi [TAX Ha yacToTax, IO HE IePEBUILYIOTh
75 MI'y, MeTog, 3abe3euye BU3HAUEHHS KOOPIMHATY 00'eKTa 3 KoedillieHTamu lepeTBOpeHHs He ripie 7,0
esn.rpaz./mMkm (0,5 en.rpaf. /KyT.cek) y gianaszoHi 1o 100 mum i Buie (1o 360 KyT. rpaz.). TeopeTUYHO OGrPyHTOBAHO
METOJI BUMIPIOBaHHS KyTOBOI LIBUJKOCTI 3 BUKOPMCTAaHHIM e(eKTy Jlonnepa npu obepranHi [IAX-nipuiiMaya B

enexTpuyHoMmy noJti [TAX. TTpu nomupenHi ITAX Ha yactoTi 70 MI'L, B KijIbLieBOMY IT'€30€JIeKTPUYHOMY XBUJIEBOI] 3



paziycom 10 MM MeTog, 3a6e3mneuye koedinieHT nepersopenns 22 I'y/06./XB. B gianasoHi 1o 13680 06. /xB.
TeopeTUyHO OOGI'PYHTOBAHO Ta Peasi30BaHO METO[, BUMipIOBAaHHSI MiKpoIlepeMilieHb Ta TUCKY C BUKOPUCTaHHSIM
nucnepcii pazosoi mBuaKocTi [TAX B peaysbTati 30ypeHHs MeMOPaHOI0 €J1IeKTPUYHOTO 1107151 XBUJI, SKUI 103BOJISIE
CTBOPIOBATH Ha OCHOBI YHIBEPCAJIbHOI'O aKyCTOEJIEKTPOHHOTO MOJYJIsl IEPETBOPIOBadi 3 KoedillieHTOM
nepetrBopeHHs 110 10 kK['1/MKM i Bullle B Aiana3oHi nepemimeHHs YyTJIMBOTO eJleMeHTa — MeMOpaHu 1o JeCITKiB
MikpomeTpiB. Po3po6sieHi MaTeMaTUyHi MOJieJli IepeTBOPIOBAYIB JIiHIMHUX, KYTOBUX II€PEMIillleHb Ta MBUIKOCTI,
MiKponepeMillleHb Ta TUCKY, IIJIIBKOBOTO IT'€30€J1eKTPUYHOro [TAX-XBuaeBOAy [03BOJISIOTh PO3POOJISITH BUMOTH 10
KOHCTPYKTUBHUX Ta €JIEKTPUYHUX I1apaMEeTPiB B 3aJI€XKHOCTI Bifl 3aJaHUX METPOJIOTIYHUX XapaKTEPUCTUK

[IepeTBOPIOBAYIB.

2. In the qualification scientific work the comparative analysis of physical basement and scheme-technical
principles of construction of physical quantities converters are given. It has been shown that the technical
parameters of traditional measuring transducers (resistive, piezoelectric, capacitive, galvanomagnetic,
electromagnetic, photovoltaic (optoelectronic), acousto-optical and others) practically have reached their
limitations and their further improvement is possible by creating primary transformers applying new physical
phenomena. It has been shown that Acoustic/Electronic transducers (AET) on the basis of Surface Acoustic Waves
devices (SAW) have several advantages: low wavelengths at relatively low frequencies, the possibility of distributed
signal reception in the microelectronic performance of the converter, the presence of effective methods of signals
excitation and reception in acousto-electronic devices, the possibility of using modern micro-, nanoelectronic
technologies to realize SAW converters in wireless measurement systems. As a result of complex studies of
acousto-electronic transducers of physical quantities it were obtained and summarized next scientific results: - it
is proposed, theoretically grounded and implemented a method for measuring of linear (angular) displacements in
the range of up to 100 mm and above (up to 360 angles degree) on the basis of the use of phase raids on the
surface of linear (ring) piezoelectric structures of the electric field of several SAW that are received by contactless
electrically linked SAW transducer. It is shown that during excitation in the acoustic line (waveguide) of SAW at 3
frequencies (69.52; 70.62 and 71.69 MHz) precise, intermediate and coarse measuring scales are formed that
provide unambiguous determination of the coordinate of the SAW receiver with transform coefficients on an
accurate scale more than 7.0 el.grad./pum (0.5 el.grad. /angle.s); - it is proposed and theoretically approved the
angular velocity measuring method based on the use of the Doppler effect in the rotation of the SAW receiver in
the electric field of SAW, which is propagating in a piezoelectric waveguide. It is shown that under condition on
SAW exciting at 70 MHz in a ring waveguide with a radius of 10 mm, the method provides determination of the
speed of the SAW receiver with a conversion factor of 22 Hz /rev. /min. in the range of up to 13680 rev./min. - it is
proposed, theoretically validated and realized the method of micro-displacements and pressure measuring on the
basis of the use of dispersion of phase velocity of SAW as a result of perturbation by the membrane (probe) of the
SAW electric field, which extends into piezoelectric structures. It is shown that when moving the membrane in the
electric field of SAW, which extends over the surface of the lithium niobate of the YZ-slice, the coefficients of
micro-displacement and pressure transformation of 10 kHz /um (50 Hz/mmHg) in the range up to 15...30 microns
(3000 ... 5000 mmHg) are obtained. Such transducers can be created on the basis of a universal acousto-electronic
module, and the design of a sensitive element - a membrane (probe) is determined by a given dynamic range of
physical quantity; - it is created and studied the mathematical models of primary transducers of linear, angular
displacement and velocity using the electric field of SAW which allow to determine the design factors of the
transducers on the basis of linear and ring piezoelectric acoustic lines (waveguides), contactless distributed SAW
receivers and electrical parameters of master oscillator depending on the given metrological characteristics of the
transducers. - it is created and studied the mathematical models of the primary transducers of linear, angular
displacement, velocity and pressure using the electric field of SAW which allow to determine the design factors of
the transducers on the basis of linear and ring piezoelectric acoustic lines (waveguides), contactless distributed
SAW receivers and electrical parameters of master oscillator depending on the given metrological characteristics
of the transducers. - it is created and studied the modified mathematical models of film piezoelectric SAW
waveguide using the approximation of the measurement results of SAW phase velocity in the unlimited film



structure of zinc oxide - fused silica which allows to determine the design factors of the waveguide, concentrator

and the interdigital converters of the acousto-electric module on the SAW for providing single-mode regime of

running SAW.
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