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Pedepar/aHoTanis:

1. Oxpimuyk O.B. OniToe1eKTPOHHI CEHCOPU HA OCHOBI OpraHiYHUX MaTepialiB [J1d BUKOPUCTAHHA B MEIULMHI. —
Kgasnigikaniiina HayKoBa npalisl Ha [paBax pyKonucy. JlucepTraiis Ha 3100yTTsl HAyKOBOTO CTYII€HsI JOKTOpa
dinocodii 3a cnenianpHicTio 153 — Mikpo- Ta HaHOCHCTEMHa TeXHiKa (ranysb 3HaHb 15 — ABTOMaTu3alis Ta
npuiago6yayBaHHs). — HallioHaJbHMI TEXHIYHUIA yHiBepcuTeT YKpainu “KuiBCbKU MOJITEXHIYHMIA iIHCTUTYT iMeHi
Irops Cikopcrroro”, Kuis, 2026. [Juceprauiiiny po60Ty NPUCBIYEHO KOMIIEKCHOMY JOCTIIKEHHIO (i3NYHUX,
TEXHIYHMX Ta MaTEMaTUYHUX 3aCaJl CTBOPEHHS ONTOEJEKTPOHHUX CEHCOPIB Ha OCHOBI OPraHiuHUX MaTepiais,
[IPM3HAYEHMUX 711 BU3HAUYEHHS KOHLEHTpPALill JIeTKuX 6ioMapKepiB y BUANXYBAHOMY IOBITPi JIIOIUHU METOJIOM
CIIEKTPJILHOTO NIOTJIMHAHHS B CEPeIHbOMY iH(P)pauepBOHOMY [iaNa3oHi. 3alpoloHOBaHUM Niaxin o6'eqHye
aHAJITUYHI MOJIeJli, YMCEJIbHI aITOPUTMU, METOIUKY MOJIE€/IIOBAaHHS Jlerpajalii Ta Apeidy, a TakKoX KibKiCHUN

aHaJli3 mapaMeTpiB CEHCOPHOI CUCTEMHY, L0 J03BOJIsie CPOPMYBATH LIiIiICHY HAYKOBY OCHOBY [/1J1S1 CTBOPEHHS



KOMITaKTHUX, CTAbi/IbHUX Ta TEXHOJIOTIYHO aJlaliTUBHUX CEHCOPIB HEIHBAa3UBHOI MeJUYHOI AiarHOCTUKU. Y pO6OTi
iAKpecyeHO BaXJINBICTh aHaJI3y JIETKUX 6GioMapKepiB SIK OGHOTO 3 KJIIOYOBUX HATIPSIMIB PO3BUTKY Cy4acHO]
MEMYHOI [IiarHOCTUKU. BuuixyBaHe MOBITPS € NOCTYIIHUM, HEBUYEPIIHUM Ta JIETKO KEPOBAaHUM JJ1s1 BiOOPY
CepeloBUIIEM, 8 KOHLEHTPALlil TAKUX aHAJIITIB, SIK alleTOH, aMiaK i ByTJIEKUCJIMH ra3, BiloopaXkaroTb MINPOKUAN
CIEKTP META0O0JIiYHNX, €HJJOKPUHHUX, PeCHipaTOPHUX Ta iHpeKUiHUX NpoLeciB. 3MiHM LUX KOHLIEHTpaLLill €
iHgMKaToOpamMu NopylLieHb OOMiHY peuyoBYH, PYHKIii OpraHis, FOpMOHaJILHUX 300iB, 3allaJIbHUX [IPOLECIB,
BEHTUJIALIMHUX BiIXWJIEHD Ta IHIINX KJIIHIYHO 3HAYYIIUX CTaHiB. TaKUM YMHOM, HEIHBa3MBHUN aHAaJIi3 JIETKUX
KOMITOHEHTIB BUJIMXyBaHOTO MOBITPSI MOKe 3a6€3Ne4YnTy JOCTYII 10 BaKJIMBOI iHpopMaliii moao ctaHy opraHizmy
6e3 HeoOXiTHOCTI 3200y 6i0JIOTIYHYX PifyH, XIpYPriYHUX UM iH'€KLIIHUX NPOLEenyp, 10 POOUTh TaKi CEHCOPHI
CHUCTEMMU NEPCIEKTUBHYMMU JIJIS1 LIMPOKOTO BUKOPUCTAHHS SIK Y KJIiHIYHUX YMOBAX, TaK i B I€PCOHAJIBHUX
IiaTHOCTUYHMX IIPUCTPOSIX. PO3IJIIHyTa KaTEropisi CEHCOPiB IPYHTYETHCS HA peeCTpallii ClIEKTPaJbHOrO
NOTJIMHAHHA ra3oBoi (pas3u y cepenHbomy [U-gianasoni. KoxkeH 3 7ocilipKyBaHUX aHaliTiB Mae XapaKTepHi
PE30HAHCHI CMYTU [IOTJIMHAHHS, 3yMOBJIEH] KOJIMBaJIbHO-00€PTaIbHUMU [IEPEX0/laMU Y MOJIEKYJISIPHUX CTPYKTypax.
ALleTOH Mae BUPaK€HY CMyTy IIOTJIMHAHHA TOOJIM3Y 5,7-5,9 MKM, 110 4,03B0JIsi€ €(PEKTUBHO AETEKTYBATH MOT0 y
KOHLIEHTPALifIX, XapaKTePHUX 1151 3I0POBOrO, NiabeTUYHOT0 Ta KETOALNUIO3HOIO CTaHiB. AMiaK Ma€ BJIaCHY
CIIEKTPAJIbHY CMYTY, 10 Biflpi3HAETHCS MNUPUHOIO Ta iHTEHCUBHICTIO; CON XapaKTepU3yeThCs iHIUMUA
CIIEKTPJIbHUMU XapaKTePUCTUKAMU Ta NOTpedye BiANOBiNHOI afamnTallii ceHcopHoi apxiTekTypHu. Lli oco6amBoCTi
POO6JISITE MOXKJIMBAM CEJIEKTMBHE BU3HAYEHHS KOXKHOTO aHAJIITY 32 YMOBU KOPEKTHOT'O BUOOPY CIIEKTPaIbHOI
4yTJIMBOCTI (POTONPUIIMAYa Ta reoMeTpii onTr4yHOiI cuctemu. Y gucepralii chGopMOBaHO MaTeMAaTUYHUI OTIUC
IIpOLIeCiB IOIVIMHAHHS BUIIPOMIHIOBaHHS y Ta30BOMY cepenoBulli. BukopucranHs 3akoHy byrepa-Jlam6epra-bepa
I03BOJIsIE (POpMaIi3yBaTH 3aJI€XKHICTh MiXK KOHLIEHTPAlli€10 aHaJliTy, JOBXKUHOIO OIITUYHOTO LISIXY, CIIEKTPaJbHUM
Koe(illieHTOM NOTJIMHAHHSA Ta iHTEeHCHBHICTIO BUITPOMIHIOBaHHS Ha Bxofi poTonpuiimaya. [TokasaHo, mo ¢popma
BiIT'YKy CEHCOPHOI CUCTEMH, SIKA € JOOYTKOM CIIEKTPaJIbHOI YyTJIMBOCTI (poTONpuiiMaya Ta HOPMOBAHOI OIITUYHOL
T'yCTUHM aHaJiTy. Y POOOTi ONMCaHO KOXKEH eTar TpaHncdopMallii BAIPOMiHIOBAHHS — Bifj [IOIIMPEHHS y Fa30BOMY
IIPOMIKKY 3 ypaxyBaHHSIM IIOTJIMHAHHS, IO IEPETBOPEHHS ONITUYHOTO CUTHAJTY B €JIEKTPUYHUM 32 TOMOMOTIOI0
opraHiuHoi poTouyTaAuBOi CTpyKTypu. OCcob6IMBa yBara npuisieHa opraHiyHuM QoTorpuiiMayam, siki CTAaHOBJISIT
MarepiasbHy OCHOBY CEHCOPHOI CUCTEMHU. Y AucepTallii ONMcaHo ix ¢pi3nyHi BIaCTUBOCTI, CIIEKTPabHi
0CO6IMBOCTI, IepeBaru i Heposiku. OpraHivyHi MaTepiaau JAal0Th 3MOTy peasli3yBaTy TOHKOILIIBKOBi 6araToumaposi
CTPYKTYpH 3 HU3BKOIO TEMIIEPATYPOIO BUTOTOBJIEHHS, 110 3a0e3Mevye X CyMiCHICTb i3 oliMepHUMU MifKIIagKaMy,
THYYKAMU CUCTEMaMU Ta KOMIIAKTHUMU CEHCOpHUMHU MaTdpopmamu. OJlHaK BOHU CXUJIbHI 10 AerpajaliiiHux
IIPOLIECIB, SIKi BIJIMBAIOTh HA CIIEKTPAJIbHY YYTIUBICTb, (POTOPEAKLi0, HIyMOBi XapaKTEPUCTUKHU Ta YACOBY
cTabinbHiCTh MapameTpis. ToMy MaTeMaTUYHI MOZIEJli CEHCOPA MAlOTh BPAaXOBYBATHU JOBITOTPUBAJY 3MiHY

XapaKTepPUCTUK OpraHiyHUX MaTepiasiB, BKJIIOYHO 3 gpeiidom 6a30B0i JiiHii Ta 3BHUKEHHSIM Yy TIMBOCTI.

2. Okhrimchuk O.B. Optoelectronic sensors based on organic materials for use in medicine. - Qualification
scientific work in the form of a manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 153 -
Micro- and nanosystems engineering (field of knowledge 15 - Automation and instrument making). - National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2026. The dissertation is devoted
to a comprehensive theoretical investigation, mathematical modelling, and analytical substantiation of
optoelectronic sensors based on organic materials designed for the detection of volatile biomarkers in human
breath through the mechanism of optical absorption in the mid-infrared (mid-IR) spectral range. The work
develops an integrated scientific framework that encompasses physical models of radiation-matter interaction in
gaseous media, spectral and temporal characteristics of organic photodetectors, degradation and drift
mechanisms, analytical methods, and numerical procedures required for the creation of compact, stable, and
technologically adaptable sensor systems intended for non-invasive medical diagnostics. The research emphasises
the importance of volatile biomarkers as clinically relevant indicators of physiological and pathological processes.
Exhaled breath constitutes an accessible and non-invasive diagnostic medium that reflects metabolic activity,
respiratory function, inflammatory reactions, and organ-specific biochemical processes. Volatile compounds such



as acetone, ammonia, and carbon dioxide serve as markers of lipid metabolism, renal function, acid-base balance,
respiratory ventilation, and other medically significant parameters. Variations in their concentrations provide
diagnostic insights without requiring blood sampling or invasive procedures, enabling regular, repeated, and safe
monitoring. Consequently, non-invasive breath-based diagnostics necessitates sensor systems that combine high
sensitivity, spectral selectivity, rapid response, long-term stability, and low power consumption while maintaining
compact dimensions and robustness under varying environmental conditions. The category of sensors analysed in
the dissertation operates on the principle of detecting changes in infrared radiation passing through a gas layer
containing the target analyte. Each analyte exhibits characteristic absorption bands determined by molecular
vibrational-rotational transitions in specific regions of the mid-IR spectrum. Acetone demonstrates a pronounced
absorption band within 5,7-5,9 um, making it suitable for detection at physiologically relevant concentration
ranges corresponding to healthy metabolism, diabetes, and ketoacidosis. Ammonia and carbon dioxide also
possess distinct spectral absorption structures, though with markedly different bandwidths and intensities, which
require corresponding adjustments to the spectral responsivity of the photodetector and the geometry of the
optical path. These features enable selective detection of each analyte provided that the spectral characteristics of
the photodetector are appropriately matched to the analyte’s absorption profile. A detailed mathematical
description of radiation attenuation in gaseous media forms the basis of the modelling approach. The
Beer-Lambert-Bouguer law is used to formalise the relationship between analyte concentration, optical path
length, spectral absorption coefficient, and transmitted radiation intensity. The dissertation characterises the
formation of the spectral absorption profile and demonstrates how its intensity and shape determine the overall
spectral response of the sensor. The resulting sensor response function S(n) is defined as the product of the organic
photodetector’s spectral responsivity and the normalised optical density of the analyte. Each stage of the
transformation - from light propagation through the gas layer to its conversion into electrical current in the
organic detector - is mathematically formulated and integrated into the final signal model. Special attention is
devoted to organic photodetectors, which form the functional basis of the proposed sensor architecture. Their
physical properties, spectral characteristics, advantages, and limitations are examined in detail. Organic
semiconducting materials allow the fabrication of thin-film multilayer structures at low processing temperatures,
making them compatible with flexible substrates and miniaturised sensing platforms. However, they are
susceptible to degradation mechanisms that affect spectral responsivity, noise characteristics, photocarrier
dynamics, and long-term stability. Consequently, mathematical models must incorporate temporal evolution of
detector parameters, including baseline drift and sensitivity reduction.
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