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KBapLOBOTO pPe30HaTOpa

2. Invariant multifrequency piezoresonant devices with digital compensation of regime instability of quartz
oscillator

Pedepar:

1. Incepralisi NpUCBAY€HA IUTAHHSIM 3a0€3[1e4YeHHS TeXHIYHOI iHBapiaHTHOCTI I'€30pe30HaHCHUX NIPUCTPOIB 00
IecTabini3ylounx BILUIMBIB LIJIIXOM KOMIIEHCallii TapaMeTpUYHOI HeCTalliOHAPHOCTI KBapLLOBOTO PE30HATOPA B
pekuMi 6araTo4acToTHOrO 30y/A>KeHHs. Y poOOTi 3aIIpOIIOHOBAHO BUKOPUCTAHHS 30BHIIHbO-€MHICHICHOTO
KEPYBaHHS PEXMMOM 30yI>)KEHHs 6araTo4acTOTHOTO KBapPLJOBOTO PE30HATOPA 3 BUKOPUCTAHHSIM IUCKPETHUX
KOHJIEHCATOPIB y BUIJISIIi MATPUYHUX MiKpoesieKTpoMexaHiuHux (MEMC) cTpyKTyp 3 IBOpiBHEBUM KOMOIHOBaHUM
@ poBuM KepyBaHHSIM. P03p06s1eHO METOAMKY aHai3y CKIagHOI 6araTo4yacTOTHOI I1'€30pe30HAHCHOI KOJIMBaJIbHOI
cucremu (BITKC) 3 MEMC-kepyBaHHSIM. Y MeXXax po3po6JieHOi METOAUKY 106YI0BaHO MaTeMaTU4Hy MOJeJlb
I1'€30KO0JINBaJIbHOI CUCTEMY HA OCHOBI PO3MIMUPEHOi eKBiBasieHTHOI cxeMu BIIKC i3 30BHIIHbO-TIPUEIHAHNMU
€JIEMEHTaMU i BU3HAYEHO OCHOBHI ITapaMeTpy XapakTepucTuK KepyBaHHs BIIKC y Tpr4aCTOTHOMY pEXUMI

30ympKkeHHs. [To6ynoBaHo iMiTaliliHy MOZie/Ib KBaIpaTypHOTO eMOIYJISITOpa CUTHAIIB, SIKa BPAXOBYeE



HeCTabibHICTh POPMYBAHHS 4YaCTOT OIIOPHUX KBAIPAaTypPHUX KOJIMBAHb Bifl [ii TeMIepaTypHUX Ta BiOpoMeXaHiYHUX
Iecrabinizyrouux (axropis. [TpoBeneHo aHai3 BIIMBY JecTabinizyiounx (PpakTopiB Ha OXUOKY JeMOIYJISLIil
KBaJIpaTypHUX CUTHAJIB 3 ypaxyBaHHSAM KaCKaJHOI'O 3aBaJJOCTIMKOro KOJyBaHHS CUTHAJIIB. 3alIpOIIOHOBAHO Ta
IOCJiI)KEHO CTPYKTYPHY MOZEJb LU(PPOBOrOo CUHTE3aTOPA YaCTOTU MIPSMOTO CUHTE3Y 3 KOJIaMU TEMIIEPATYPHOI Ta
Bi6pOKOMIIEHcallii, IKuil 3a6e3nedye 3anexHo Big Tuny KP 3MeHIIeHHs: TemnepaTypHoi 4yTiauBocTi g0 10...15 pasis,
BibpaliliHOi 4yT/IMBOCTI - 10 5...8 pa3iB y NOPiBHSIHHI 3 aHasioramu. Po3rJIIHYTO MUTAaHHS peasizallii KBagpaTypHUX

IeMOIyJIATOPiB LM(PPOBUX CUTHAJIIB CYITyTHUKOBUX CUCTEM Iepenayi iHpopmariii.

2. The thesis is devoted to the questions of providing technical invariance of piezoresonant devices as to the
destabilized influences by means of compensation of parametric non-stationary quartz oscillator in the regime of
multi-frequent excitation. The research proposes the use of external-capacitive control of regime of excitation of
multi-frequency quartz oscillator with the use of discrete capacitor in the form of matrix micro-electromechanical
(MEMS) structures with two-level combined digital control. The methods of analysis of complex multi-frequent
piezoresonance oscillation system (MPOS) with MEMS control are worked out. Within the worked out methods the
mathematical model of piezo-oscillating system based on expanded equivalent scheme of MPOS with external
affiliated elements is built and the basic parameters of characteristics of MPOS control in three-frequency regime
of oscillation are defined. The imitation model of quadrature signals demodulator, which takes into account the
instability of formation of frequencies of supporting quadrature oscillations because of the work of temperature
and vibration-mechanical destabilizing factors. The analysis of influence of destabilizing factors onto the errors of
demodulation of quadrature signals taking into account the noiseproof cascade coding signals are done. The
research investigates and proposes the structure model of digital synthesizer of frequency of direct synthesis with
the circles of temperature and vibration compensation, which provides depending on the type of quartz resonator
the decrease of temperature sensitivity up to 10...15 times, the vibration sensitivity up to 5..8 times in comparison
with the analogs. The questions of realization of quadrature demodulators of digital signals of satellite systems of
information transfer are reviewed.
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