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2. Improvement of metrological characteristics of portable impedance frequency analyzers

Pedepar:

1. Inceprarifina po60Ta IpUCBIYeHA BUPIIEHHIO BayKJIMBOI HAYKOBO-TIPUKJIAHO]I 3a/1a4i - MiIBUILIEHHIO TOYHOCT] i
PO3UIMPEHHIO YaCTOTHOTO Jjialla30Hy NOPTAaTUBHUX YaCTOTHUX aHasizaTopis imnenancy (HAl). B po6oTi
c(OpMyJIbOBAaHO BUMOTHY 10 NOPTaTUBHUX YAI Ta po3p06J1€HO KOHLEMNL|I0 IOKPALeHHS iX METPOJIOTiYHUX
XapaKTEPUCTHUK, SIKa I'PYHTYETbCS HA MiHiMi3allii aHAaJI0OrOBOI YaCTUHM BUMIPIOBAJIbHOTO KaHaJy i nepenoayae
3aCTOCYBaHHS LX(POBOro ONPAILIOBAaHHS CUTHAJIB i aIrOpUTMIYHOI KOPEKLi 1111 KOMITeHcallil TOXMOOK pe3ysbTaTiB
BHMipIoBaHHs. OGI'PYHTOBAHO [OLIbHICTh Mogudikalii cTpykTypu DDS-cuHTe3aTopiB AJ1s1 pOpMYyBaHHS
30HJIyBaJILHOTO i OPTOrOHaAIbHUX CUTHAJIB YAI, BCTaHOBJIEHO BUMOTIHU [0 iX IapaMeTpiB i JOCIIIIKEHO IKepea
noxu6oK. [TpoananizoBaHo 0CcOBIMBOCTI peasnizaiii KBagpaTypHOro PO3TieHHs 32 aJITOPUTMOM OJIHOYaCTOTHOIO
nepetrsopeHHs Oyp'e, ofep>kaHO MOieJli TOXMOOK, Ha OCHOBI SIKUX OGI'PYHTOBAHO LJISIXY MifIBUILIEHHS TOYHOCTI YAI.
[TokazaHo nepeBaru 3aCTOCYBaHHS y CTPYKTYpi NOPTaTUBHUX YAl BUHOCHUX aKTMBHUX BUMipPIOBAJIbHUX
IepeTBOPIOBayiB. PO3p0o6s1eHO MaTeMaTUYHi MOIeli IepeTBOPIOBAYiB iMIeJaHCy i aiMiTaHCy B HANPyTy, HA OCHOBI

SIKMX CMHTE30BaHO aHaJIITU4HI BUPa3U JJIsl KOMIIEHCallii 4aCTOTHUX TOXUOOK. CTBOPEHO METPOJIOTiYHY MOJIEJIb



BUMIPIOBaJIbHOTO KaHasy po3pobsieHux YAl onucaHo i mpoaHasizoBaHO BapiaHTH iX NOOYI0BYM HA CY4aCHIi

eJIEMEHTHI 6a3i.

2. The thesis is devoted to solve actual applied scientific task -improvement of accuracy as well as extension of
frequency band of portable impedance analyzers. Requirements on the properties of portable impedance analyzers
have been formulated and a novel concept of improvement of their metrological characteristics has been
developed in the paper. This concept is based on the idea of minimizing of the analog part of the impedance
analyzers' measuring channel as well as errors compensation using algorithmic correction and digital signal
processing. In the thesis has been proved that using means of direct digital synthesis for probe and orthogonal
signals generation in portable impedance analyzers makes a lot of sense. Existing types of direct digital
synthesizers have a various disadvantages that make problematic their application as signal source in impedance
spectroscopy. Therefore a new modified structure of direct digital synthesizers based on combination of binary
counter and phase accumulator has been proposed. Errors and spectral composition of this modified synthesizer
have been investigated and requirements to its parameters have been determined. Advantages and disadvantages
of quadrature conversion based on the algorithm of single-point Fourier transform have been analyzed.
Mathematical models of errors of Fourier transform errors caused by harmonic distortion and spectral leakage
have been developed. These models were used to improve quadrature conversion precision. Advantages of
application of active measurement converters in measuring channel of portable impedance analyzers have been
show in the paper. This approach allows to reach high accuracy and resolution, good dynamic characteristics,
stable current and voltage conditions on the object under test as well as simple (one-channel) structure, small
dimensions, weight and power consumption. Formalized mathematical models of active measurement
impedance /admittance-to-voltage converters were developed. Using these models analytical equations for
algorithmic correction of measurement results were synthesized. Application of algorithmic correction enables
elimination of frequency errors of analog devices. Metrological model of measuring channel of designed portable
impedance analyzers has been developed. Three design options using ASIC (application-specific integrated
circuit), DSC (digital signal controllers) and FPGA (field-programmable gate array) have been described and
analyzed. The results of the work can be used in various applications, such as qualimetry (control of impurities)
and electrochemical analysis (tomography), impedometric sensors (proximity detection) and the resonance
systems (quartz thermometers), PLL devices (not contact AFM) and signal processing (FFT error compensation).
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