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1. Incepraris Ha 3000YTTSI HAYKOBOTO CTyIEHs AOKTopa pinocodii (kaHaumara PpisMko-MaTeMaTUYHUX HAyK) 3a
cnenianbHicTio 105 - «IIpuknanHa ¢i3uka Ta HAaHOMaTepianu». — [HCTUTYT CUMHTUJISILIHUX MaTepiaiB
HanionanbHoi akamemii Hayk Ykpainuy, XapkiB, 2026. JuceprauiiiHa po6oTa prcBsiYeHa NOCITiIKEeHHIO
enekTpoxemimomineceHTHUX (EXJI) ceHcopiB, sIKi CKIaal0ThCs 3 €JIEKTPOAA Ta IJIiBKU JIFOMiIHO(DOPIB, 1110
(popMyIOThCS pisHMMEU MeTogamu. OCHOBHA yBara 30CepepKeHa Ha KOMIJIEKCHOMY aHaJli3i BIVIMBY TPbOX KJIIOUOBHUX
CKJIaJIOBUX CEHCOPHOI CUCTEeMHU — CIIOCOO0Y HaHECEeHHS ITiBKY, Moaudikalii eJeKTpoAHOI IIOBEPXHi Ta IPUPOLU
JoMiHodopa - Ha enekTpoxiMivHi Ta EXJI xapakTepucTuku. Y MexKax NOCiIKeHHs pO3IJISIHYTO ILJIiBKY, OTPUMaHi
MeTonoM JleHrmiopa-biomkeTT, K Cocié HaHeCeHHs], JIJa3epPHO-iHAYKOBaHi IE€PioiUYHi NOBEPXHEBI CTPYKTypU
(VIITITIC), sk 3aci6 kepoBaHOi MoaM(iKallii eJ1eKTPOo/iB, a TAKOXK MEePOBChKITHI MaTepiaau HOBOTO TUILY, SIK

MepCreKTUBHI JIoMiHOPOpH. EnlekTpoxemintoMiHeCeHIisl € OHUM i3 HalbiIbII TePCIeKTUBHUX HAIPSMIB



Cy4aCHOI aHJIITUYHOI Ximii Ta ¢i3nKu TBEpAOro Tisla 3aBASKU BUCOKIHM YyTJIMBOCTI, HU3bKMM MéeXXaM BU3HAYEHHS Ta
MOSKJIMBOCTI MMOE€NHAHHS 3 Pi3HUMU eJIeKTPOXiMivHNMU MeTomamu. IIpoTe HU3Ka MpobIeM JOCi 3aIUIIaeThCS
HEBUPIlIEHOIO: BiICYTHICTb CTabiJIbHUX i BOJHOYAC ePeKTUBHUX JIIOMIHOQOPIB 1J151 6araTopa3oBUX BUMipIOBaHb,
0OMe>xeHMI BUOIp CTPYKTYPHUX MaTpuLb 118 ix iMMoOGistizanii, HectabinbHicTs EXJI-curnatis y cKIagHux
CepelOBUIIAX Ta HEJOCTATHE PO3YMiHHS BIIJIMBY HAHOCTPYKTYDYBAaHHS IOBEPXOHb HAa MiXkK(a3Hi npoyecu. Came
TOMY aKTyaJIbHUM € IIOLIYK HOBUX MaTepiasliB i TeXHOJIOrIH, sIKi 6 J03BOINIM LiJIECIIPSIMOBAHO PETryJIIOBaTH
BJIACTUBOCTI CEHCOPIB — Bifj, MOJIEKYJISIPHOI OpraHisalii y TOHKUX IIiBKaxX 4O KEPOBAHOI'O HAHOCTPYKTYPYBaHHS
[IOBEPXHi Ta BUKOPUCTAHHS (YHKIIOHAJIBHAX MATEPiajliB 3 YHiKaJIbHUMU €JIEKTPOHHUMMU ¥ ONTUYHUMU
XapaKTepUCTHUKaMU, 30KpeMa [1epoBCKiTiB. Takuil minxifn BiIKpuBae MOKJIMBOCTI He JivIe IJisl PO3IKPEHHS Habopy
IleTeKTOBAaHMX aHAJIITIB, a 1 117151 PyHAAMEHTaJbHOTO po3yMiHHs MexaHi3MiB EXJI y ckiaiHUX 6araTOKOMIIOHEHTHUX
cucrtemax. Y epiomMy po3fiji CUCTeMaTU30BaHO TEOPETUYHI YSIBJIEHHS Npo MexaHismu EXJI (aniringuinnui,
copeareHTHHUI Ta ixX MoxinHi), oxapakTeprn3oBaHo knacudikauio EXJI-cucrem, HaBeeHO MPUKIIany IIPAaKTUIHOTO
3aCTOCYBaHHS MeTony. OCco06IMBY yBary NpUAijieHO IMTaHHSM LisecrpsMoBaHoi Moaudikalii eJeKTpogHUX
IIOBEPXOHB [1JIs1 PEryyl0BaHHsI MDK(pa3HUX NPOLECIB, 1[0 BU3HAYAIOTh iHTEHCUBHICTD i CIIEKTPaJIbHi XapaKTEPUCTHUKU
BUIIPOMIHIOBaHHS. Y IPYroMy po3Zisi y3araJabHEHO Cy4acHi Migxoau 0o pOpMyBaHHS CEHCOPIB Ha OCHOBI JIB-
n1iBoOK. JlocizpkeHo 3MO4YyBaHiCTh IIOBEPXHi €1eKTPOIiB, POTOJOMIHECIIEHTHI Bl1aCcTUBOCTi, MOp¢oJiorito Ta
€JIEKTPOXIMIYHY aKTUBHICTb IIJIiBOK. BCTAaHOBJIEHO BilMiHHOCTI MiXX IIJIiBKAMY HA OCHOBI CT€APUHOBOI KMCJIOTHU Ta
nosnimetunamerakpuaary ([IMMA), 3okpemMa 6ibill e(peKTHBHY IMMOOGITi3allilo JIOMiHOQOPIB Y OJIiMEPHIiN MaTpuUL
Ta NposiB coybBaToXpoMii 9,10-mudeninanrpaneny (IPA). OcobiuBy yBary NpuieHo aHali3y BIJIMBY COPEAreHTy
teTpadeHindoparty Harpito (TOBH) Ha EXJI Bink/iuK cucTeMu, LOCiIPKEHO MIJIiBKY Pi3HOTO TUITy HAHECEHHSI Ta
KisIbKOCTi mapiB. OntumansHumu 1151 EXJI BUMipIoBaHb BU3HAU€HO ABomApoBi Y-Tunosi miisku [IMMA /TIOA.
[TepeBipeHO Ta BCTAaHOBJIEHO aHATITUYHI MOXIUBOCTI cuctemu «JIDA + TOBH». Bussneno cnenudivyHuii BIIMB
KaTioHy Lin Ha EXJI, 0 BiIKpMBa€ MO>KJINBOCTI CTBOPEHHS i0H-CEJIEKTUBHUX CEHCOPIB. Y TPETbOMY PO3[Iisi
IOCJIiIPKEHO BILJIMB JIA3€PHO-iHIYKOBAaHUX ME€PIOANYHUX CTPYKTYP Ha eJIeKTpoximiuHi Ta EXJI-BiacTUBOCTI
enekTpogis. [Tokasano, mo JITIIC-moaudikalis icTOTHO 3MiHIOE peakliliHy 30aTHICTb oBepxHi: ansg JOA
3adikcoBaHo nosBy iHTeHCMBHOrO EXJI-cUrHany Ha CTayjeBUX eJIEKTPOJAX, a Ajisk Ru(phen) Ha ckioByrieneBux
eJIeKTPOJaxX iHTeHCUBHICTb 3pocTana 1o 30 pasiB. HatomicTs [JOA Ha CKIIOBYTIEL|€BUX €JIEKTPOIax He CyTTEBO
3MiHIO€ piBeHb CUTHAJY, TOAi sIK Ru(phen) Ha MogudikoBaHMX CTaN€BUX €JIEKTPOJAX HE A€ CUTHAJY 30BCIM.
JloBeneHo, mo epeKT HAHOCTPYKTYPYBaHH:! NIOB'SI3aHUI 3 ONITUMI3alliel0 MiXK(pa3HUX MTPOLECIB Ta JIOKali3allieo
PaJMKaJbHMAX YaCTUHOK Y 30HAaX MiJIBUIIEHOTO €JIEKTPUYHOrO 110714. Lle mo3sosse posrasgaru JIIIIIC gk
[IepCIeKTUBHUI IHCTPYMEHT KepoBaHoi MoaudiKallii CCHCOPHUX IIOBEPXOHb. Y Y€TBEPTOMY PO37ily 30CEPEIKEHO
yBary Ha BUBY€HHi [1epOBCKITHUX ITiBOK CsPbBro. locaimkeHo ix popMyBaHHS Ha €JIEKTPOAAX 0€3 JOJaTKOBUX
cTabisnizaTopiB, O € BiZMIHHICTIO Bif TpaguLiliHUX KOJIOIIHUX METONVK, SIK, Hanpukiana, LARP TexHosoris.
BusiBjieHO BIIJIMB YMOB KpaneJjibHOrO HaHeCEeHHSI: [T0BisibHe GOpMYBaHHS 3a0e3Ieuye NiiBUILEHY
doTromomiHecLeH1Ii0, TOg K npuckopeHe — By EXJI-akTuBHiCTb. [ToKa3aHo, 110 BUKOPUCTaHHSI aHOJAHUX
copeareHTiB (TTIA, TOBH) cynpoBoaKyeTbCs 6a71aHCOM MiX erpafali€eio MIiBKy Ta HAKOIIMYEHHSIM ITPOIYKTiB
OKMCHEHHS, a HaHeCeHH4 mifmapy 3 nponykriB TOBH a6o MmexaHiuHe CTPYKTypyBaHHS ILJTiBKY [103BOJISIOTb CyTTEBO
NiABUIMTY IHTEHCUBHICTD i CTabisnbHICTh curHasny. [Ipu kKaTogHUX copeareHTax (IepoKcuarcyabgart) 3adpikcoBaHo
cTabinbHy 6ararounkaoBy EXJI-aKTUBHICTb (He MeHIIe 37 LUKIiB), OPMYBaHHS TOPUCTUX MIKpOKaHAJIB y MBI Ta
HasIBHICTb ABOX okpemux EXJI-mpoueciB: 04HOro, NOB'I3aHOTO 3 KUCHEBUMU LIEHTPAMU, i APYTOro — 3 BIACHOIO

JIIOMiHECLIEHIIi€l0 [TEPOBCKITIB.

2. Thesis for the degree of Doctor of Philosophy (Candidate of Physical and Mathematical Sciences) in the specialty
105 - “Applied Physics and Nanomaterials.” - Institute of Scintillation Materials of the National Academy of
Sciences of Ukraine, Kharkiv, 2026. The dissertation is devoted to the study of electrochemiluminescent (ECL)
sensors, which consist of an electrode and a phosphor film formed by various methods. The main focus is on a
comprehensive analysis of the influence of three key components of the sensor system - the method of film
application, modification of the electrode surface, and the nature of the phosphor - on electrochemical and ECL
characteristics. The study considers films obtained by the Langmuir-Blodgett method as a method of application,



laser-induced periodic surface structures (LIPSS) as a means of controlled electrode modification, and new types
of perovskite materials as promising phosphors. Electrochemiluminescence is one of the most promising areas of
modern analytical chemistry and solid-state physics due to its high sensitivity, low detection limits, and the
possibility of combining it with various electrochemical methods. However, a number of problems remain
unresolved: the lack of stable and effective phosphors for repeated measurements, the limited choice of structural
matrices for their immobilization, the instability of ECL signals in complex environments, and insufficient
understanding of the influence of surface nanostructuring on interphase processes. That is why it is important to
search for new materials and technologies that would allow targeted regulation of sensor properties - from
molecular organization in thin films to controlled surface nanostructuring and the use of functional materials with
unique electronic and optical characteristics, in particular perovskites. This approach opens up opportunities not
only for expanding the set of detectable analytes, but also for a fundamental understanding of the mechanisms of
ECL in complex multicomponent systems. The first chapter systematizes theoretical ideas about the mechanisms
of ECL (annihilation, co-reagent, and their derivatives), characterizes the classification of ECL systems, and
provides examples of the practical application of the method. Particular attention is paid to the issues of targeted
modification of electrode surfaces to regulate interphase processes that determine the intensity and spectral
characteristics of radiation. The second chapter summarizes modern approaches to the formation of sensors
based on LB films. The wettability of electrode surfaces, photoluminescent properties, morphology, and
electrochemical activity of films are investigated. Differences between stearic acid-based and polymethyl
methacrylate (PMMA)-based films have been established, in particular, more effective immobilization of phosphors
in the polymer matrix and the manifestation of solvatochromism of 9,10-diphenylanthracene (DPA). Particular
attention was paid to analyzing the effect of sodium tetraphenylborate (TPhB) co-reagent on the ECL response of
the system, and films of different types of application and number of layers were studied. Two-layer Y-type
PMMA /DPA films were determined to be optimal for ECL measurements. The analytical capabilities of the “DPA +
TPhB” system were tested and established. A specific effect of the Lio cation on ECL was revealed, which opens up
possibilities for the creation of ion-selective sensors. The third chapter investigates the effect of laser-induced
periodic structures (LIPSS) on the electrochemical and ECL properties of electrodes. It has been shown that LIPSS
modification significantly changes the reactivity of the surface: for DPA, an intense ECL signal was recorded on
steel electrodes, and for Ru(phen) on glass carbon electrodes, the intensity increased up to 30 times. In contrast,
DPA on glassy carbon electrodes does not significantly change the signal level, while Ru(phen) on modified steel
electrodes does not give a signal at all. It has been proven that the nanostructuring effect is associated with the
optimization of interphase processes and the localization of radical particles in areas of increased electric field.
This allows us to consider LIPSS as a promising tool for the controlled modification of sensor surfaces. The fourth
section focuses on the study of CsPbBro perovskite films. Their formation on electrodes without additional
stabilizers was investigated, which differs from traditional colloidal methods, such as LARP technology. The
influence of drop-coating conditions was revealed: slow formation provides increased photoluminescence, while
accelerated formation provides higher ECL activity.
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InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Maiizenic AHTOHiIHA OnexkcangpiBHa

2. Antonina O. Maizelis

KBasidikamis: 1. 1. n., nouenr, 05.17.03
InenTudikarop ORCID ID: 0000-0002-5296-9636
JoparkoBa iHpopmauist: https://scholar.google.com.ua/ citations?hl=ru&user=tVOf8k8AAAAJ

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHUil TEXHIYHNMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: ys1. Kupnuyosa, Xapkis, XapkiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Jliceupkuii JIoHriH MukosaioBu4

2. Jlonrin M. JliceibKuii

KBasigikanis: n.¢.-m.u., npodecop, 01.04.15
InenTudikarop ORCID ID: 0000-0003-4341-832X
JoparkoBa iHdpopmamnist:

IToBHE HafIMeHyBaHHH Iopn,zmqﬂoi 0Cco0H: [HCTUTYT CUMHTUIALIMHUX MaTepianiB HanioHanbHOI akagemii

HayK YKpaiHu

Kopg 3a €IPIIOY: 23756522

Micue3Haxoa>KeHHS: npocnekt Hayku, Xapkis, XapkiBcbKuii p-H., 61072, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: HauionasnbHa akajieMis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ceminbko Brapucnas BikropoBuy

2. Vladyslav V. Seminko



KBasigikanis: 1. ¢.-m. u., c.z., 01.04.10
InenTudikarop ORCID ID: 0000-0002-3958-9161
JoparkoBa iHdpopmamnist:

IToBHE HaﬁmeHyBaHHH Iopn,zmqﬂoi ocoomH: [HCTUTYT CUMHTUIALIMHUX MaTepianiB HanioHanbHOI akageMii

HayK YKpaiHu

Kopg, 3a €EIPIIOY: 23756522

Micue3Haxoa>KeHHs: npocniekt Hayku, Xapkis, XapkiBcbKuii p-H., 61072, Vkpaina
dopma BaacHoOCTI:

Cdepa ynpaBiiHHSA: HaujoHasbHa akajieMis HayK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJIl04Hi BiZoMOCTi

Bnacue IpisBume Im'a [T0-6aTbKOBI Cimosa Citana Jleonizisna
rOJIOBH pagu

Biacue IlpisBuie Im's I1o-6aThKOBI €dimona Cpitiana JieoHinisHa
rOJIOBYIOYOTO Ha 3aciJaHHi

BiamoBigaibHUH 32 MiZITOTOBKY Copoxkin Onekcanzp Bacunbosuy
00JIiIKOBHX JOKYMEHTIB

Peectparop IOpueHko TetsiHa AHaToOsiiBHA

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisiIBHOCTI




