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1. Inceprarist Ha 3000YTTSI HAYKOBOTO CTyIIEeHs JokTopa ¢inocodii 3a cnenianphicTio 171 «EnekTpoHika» —
HauionansHuil yHiBepcureT «JIbBiBCbKa MoJliTexHika» MiHiCcTepcTBa OCBiTH i HayKu YKpainy, JIbBiB, 2025.
JucepTauiiiHa po60Ta NpUCBsY€Ha PO3POOLI Ta AOCIIIKEHHIO CUTHAJIbHUAX IIEPETBOPIOBAYiB CEHCOPHUX IIPUCTPOIB
Ha OCHOBI OpraHiyHux onTomnap. Y po6oTi 3alIpOIIOHOBAHO HOBI MiTX0AM 10 MOIeJII0OBaHHS, aHali3y,onTuMizalii Ta
[IPaKTUYHOTO BIPOBAPKEHHS CUTHAJILHUX [1I€PETBOPIOBAUIB [1711 CEHCOPHOI €JIEKTPOHIKH, 110 6a3yI0ThCs Ha
BUKOPUCTaHHi Opra”iyHUX HaMiBIIPOBiTHUKIB, & TAKOK METOY MOHITOPUHIY ITApaMETPIB CEHCOPHUX IIPUCTPOIB.Y
MepLIOMY PO3[iJli IPEICTABIEHO AETAJIbHUN OIJIAT, CY4aCHUX TEHIEHIIN PO3BUTKY CEHCOPHOI €JIEKTPOHIKH,
30Kp€eMa BIIPOBAJ)KEHHS OPraHiYHMX KOMIIOHEHTIB. [IpoBeieHO aHali3 MOKJIMBOCTEN i IIepeBar OpraHiyHo1

€JIEKTPOHIKY, 30KpEMa OIITONAp, y CTBOPEHHI YYTJIMBUX €JIEMEHTIB ceHcopiB. OnucaHo nigxonu 0o po3podku SPICE



MoJeJIeN TPUCTPOIB €JIEKTPOHIKU Ta iX 3aCTOCYBaHHSA y IIPOEKTYBAaHHI CEHCOPHOI anapatypu. Po3risHyTo
npuHUUNY QYHKLIOHYBAHHS TPAaHCIMIIeIaHCHUX IiICUIIIOBAYIB Ta iX 3aCTOCYBaHHS B CUTHAJIPHUX [I€PETBOPIOBAYAX,
a TaKOX OCHOBH iMIIEJAHCHOTO aHaJi3y 11 JOCIiIPKEHHS XapaKTePUCTUK CEHCOPHUX CUCTEM. [Ipyruit po3zin
npucBsgueHo cTBopeHHI0 SPICE MakpoMogesneil KOMIIOHEHTIB CEHCOPHOI ontonapu. Po3po6eHo CTPyKTypHO-
dyHKUiOHAMBHI MOZEsi OCHOBHUX MOZyJIiB, Takux K S_LED, S_HTQ, S_SEN, S_NOS ta S_PHD. BukoHaHo
rapameTpUYHUM aHaJi3 KOMIIOHEHTIB 151 BU3HAYEHHS] ONTUMAJIbHUX XapaKTEePUCTUK Ta CTAbGiIbHOCTI iX poboTH mif,
BIIJIMBOM 30BHIIIIHIX YNHHUKIB, 30KpeMa TeMIIepaTypu Ta BOJIOroCTi. Lle 103B0nII0 3a6€311€YNTH TOYHICTD i
HaJiMHICTb MOJEJIIOBAHHA CEHCOPHOI cucteMu. 3 TperTiil po3ais NprUCBAYEHO METOAMKAM iN-Situ MOHITOPUHTY
Iperdy napameTpiB CEHCOPHOI ONTONapy. 3apOIIOHOBAaHO METOM peastizallii KBaApaTypHOTo AeTeKTyBaHHS
CUTHAJIiB, pO3pO06JIEHO CXEMY 3aMillleHHsI MOZeJli BUMipIOBaJIbHOTO IIEPETBOPIOBAYA iMIIEJaHCHOTO TUILY, & TAKOX
crienudikalilo iMNeJaHCHUX XapaKTEPUCTUK (POTOUYTIUBUX CTPYKTYP. BUKOHAHO NapaMeTpUYHM aHai3
CUTHAJIbHUX [I€PETBOPIOBAYIB i3 TPAHCIMIIEJAHCHYUMU ITiICUIII0OBAYaMH, O JO3BOJIMIIO ONTUMI3yBaTH ixX
KOHCTPYKIIi0 Ta MiBUMIUTU TOUYHICTb PO6OTU. UeTBEpPTUI pO3/ij 30cepeiKeHN Ha TpakKTUYHiN peasizariii
CUTHAJIbHUX I1€PETBOPIOBAYIB /1J11 CECHCOPHUX IPUCTPOIB. [IpOBEIEHO KOMIIJIEKCHUI aHaJIi3 CXeM CUTHAJIBHOTO
[IEpETBOPEHHS HA OCHOBI OpPraHiyHuX onromnap. PeanizoBaHo KBagpaTypHUI NETEKTOP Ta CUTHAJILHUAN
IIepeTBOPIOBaY Ha OCHOBI mporpamoBaHoi cuctemu PSoC. OcobuBy yBary NpuiieHo iHTerpatii CurHaJbHUX
[IepeTBOPIOBAYIB Y CEHCOPHI CUCTEMM Ta iX ajanTallii 11 BUSIBJIEHHS Pi3HUX (Pi3UYHUX BeIUYUH. Y poOOTi
[IO€JHAHO TEOPETUYHi JOCIiIKEHHS], MOLEJIIOBAaHHS Ta €KCIIEPUMEHTAJIbHE TECTYBaHHS PO3POOJIEHUX IIPOTOTUIIB,
110 JO3BOJIUJIO CTBOPUTH €(EKTUBHI PillleHH J151 CEHCOPHOI e1eKTPOHiKK. OTpUMaHi pe3ysbTaT CIIpUsIOTh
NiABUILEHHIO TOYHOCTI, CTabiJIbHOCTI Ta HAMiIHOCTi pOGOTH CEHCOPIB, 1110 6a3yI0ThCSl HA OPraHiyYHUX ONTOIapax, i
BiIKPMBAIOTb HOBI MO>KJIMBOCTI [1151 iX 3aCTOCYBaHHS y IPUCTPOSIX Pi3HOrO NPU3HAaYEHHS. Y BUCHOBKaX
IVCepTalifiHOi pOOOTH BUKJIAZ€HO OCHOBHI Pe3yJIbTaTy i peKOMEHIALLil, SIKi BUIJIMBAIOTh 3 IPOBEIEHUX
IOCJIiIKeHb, 3aIIPOIIOHOBAHO Ta 0XapaKTePU30BAHO KiJIbKiCHI OLIIHKY ITOKAa3HUKiB e()eKTUBHOCTI B yMOBaX
BUKOPMCTAHHS 3alIPOIIOHOBAHUX PillleHb. Y JOAATKAX IO AUCEPTaLii JOJIy4€HO IIPOrpaMHi aKTU BIIPOBAI KEHHS

Pe3yJbTaTiB AucepTaLiliHOI poO0TH, a TAKOX CIIMCOK HAayKOBHUX Ipallb i anpoballiil aBTopa 3a TEMOIO AUCEPTALLi.

2. The dissertation is devoted to the development and investigation of signal converters for sensor devices based
on organic optocouplers. The work proposes new approaches to the modeling, analysis, optimization, and practical
implementation of signal converters for sensor electronics, which are based on the use of organic semiconductors,
as well as methods for monitoring the parameters of sensor devices. The first chapter presents a detailed overview
of current trends in the development of sensor electronics, in particular the integration of organic components.
The capabilities and advantages of organic electronics, especially optocouplers, in the creation of sensitive sensor
elements are analyzed. Approaches to the development of SPICE models for electronic devices and their
application in the design of sensor systems are described. The principles of operation of transimpedance
amplifiers and their use in signal converters are considered, along with the fundamentals of impedance analysis for
investigating the characteristics of sensor systems. The second chapter is dedicated to the development of SPICE
macromodels for the components of the sensor optocoupler. Structural and functional models of the main
modules-S_LED, S_HTQ, S_SEN, S_NOS, and S_PHD-have been developed. A parametric analysis of the
components was performed to determine optimal characteristics and operational stability under external
influences, including temperature and humidity. This enabled accurate and reliable modeling of the sensor system.
The third chapter focuses on in-situ monitoring techniques for parameter drift in the sensor optocoupler.
Methods for implementing quadrature signal detection are proposed, along with the development of a substitution
model for an impedance type measurement converter and a specification of the impedance characteristics of
photosensitive structures. A parametric analysis of signal converters with transimpedance amplifiers was carried
out, allowing for optimized designs and improved measurement accuracy. The fourth chapter centers on the
practical implementation of signal converters for sensor devices. A comprehensive analysis of signal conversion
circuits based on organic optocouplers was conducted. A quadrature detector and signal converter based on a
programmable PSoC system were implemented. Particular attention was given to the integration of signal
converters into sensor systems and their adaptation for the detection of various physical quantities. The study



combines theoretical research, modeling, and experimental testing of the developed prototypes, resulting in
effective solutions for sensor electronics. The obtained results contribute to improved accuracy, stability, and
reliability of sensors based on organic optocouplers and open up new possibilities for their application in various
types of devices. The conclusions of the dissertation summarize the main findings and recommendations derived
from the conducted research and present quantitative assessments of performance indicators under the proposed
solutions. The appendices to the dissertation include documentation of the implementation of the dissertation
results, as well as a list of the author's scientific publications and conference presentations related to the topic.
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