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Pedepar:

1. Kauyp H. B. ®i3nuHi BnacTuBOCTi ygockoHaseHoro IIITP-ceHcopa 3 3aXUCHUM 1IapOM OKCUIY LMHKY. —
Kgasnigikaniiina HayKoBa npalisl Ha [paBax pyKonucy. JlucepTraiis Ha 3100yTTsl HAyKOBOTO CTYII€HsI JOKTOpa
dinocodii 3a cnenianpHicTio 105 «[IpuknannHa ¢pizvka Ta HaHOMaTepianu». — [HCTUTYT Qi3UKKU HaMiBIIPOBIAHUKIB
imeni B.€. Jlamkapbosa HAH Vkpainu, Kuis, 2025. [luceprauis npucBsYeHa YJOCKOHAJIEHHIO OIITUYHOTO CEHCOPa 3
METOIO MiABUIIEHHS YYTIMBOCTI Ta IIPOAOBXKEHHS CTPOKY €KCIIyaTalii ONTUYHOIo CEHCopa Ha OCHOBI BUIIA
IIOBEPXHEBOT0 IJIa3MOHHOTr0 pe3oHaHcy (I1I1P) 3a paxyHOK HaHECEHHS LOJAaTKOBOTO LIapy OKCUAY LIMHKY Ta
BMBYEHHIO XapaKTePUCTUK TaKOro CeHcopa. MeTolo AucepTalifiHOi poOOTH € 30ibIlIeHHS YYTIUBOCTI T CTPOKY
eKCIulyaTalii ceHcopa Ha OCHOBI (Pi3MYHOrO SIBUIIA I0BEPXHEBOTO IJIa3MOHHOTO pe3oHaHcy. [1TTP-cencopu
IIXPOKO BUKOPHCTOBYIOTh Y MEIULIVHI, BETEPMHAPIi, IPOMMUCIIOBOCTI Ta €KOJIOTNIYHOMY MOHITOpUHTY. HaityacTime B

SIKOCTi 4yTinBuX mapis [1ITP-ceHCcopiB BUKOPUCTOBYIOTh 30JI0TO YEPE3 MOT0 XiMi4HY CTilKiCTh Ta HAasgBHICTb



BEJIMKOI KiJIbKOCTI BiIbHUX HOCIiB 3apapy. [Ipu TpuBanomy BukopuctanHi [II1P-cencopa 4yTimnBe MOKPUTTS 30J10Ta
Ierpanye i Horo 4yT/uBICTb 3MEHIIYeTbCS. ToMy OCHOBHUMU I1pobiemamu I1TTP-ceHcopiB € 36inbl1eHHs
YYTJIMBOCTI Ta TPUBAJIOCTI IXHBOK BUKOPUCTaHHS. OHUM 3 OCHOBHUX LJISIXiB BIIOCKOHaseHHs [1TIP-ceHcopis e
301/IbLIIEHHS iXHBOIO YYTJIMBOCTI 32 PaXyHOK HAHECEHHS I0ATKOBOTO 3aXUCHOTO 1Iapy, SIKUH 103BOJIsIE€ IPOBOJUTU
BUCOKOTEMIIEPATYPHUY Bifiraj, 3MEHIIUTY IOPCTKICTh Ta MiBUIILYeE CTIMKICTb 30JI0Ta 10 Agerpagaunii. Okcup [uHKy
Mae TemIiepartypy maasnuenHs 1975 °C, mo 6inblie maibke B IBa pasy, HixX 1151 3050Ta — 1064 °C. KoedilieHT cyxoro
TepTsl OKCULy UMHKY cTaHoBUTh 0,2-0,8. KoedilieHT cyxoro TepTs 30710Ta CTaHOBUTS Bif 0,6 1o 2,5, 10 CYyTTEBO
GiybIle, HiX [1J151 OKCUIY UMHKY. HaHOMJIBKY OKCUIY LIMHKY MO>KHA HAHOCUTH 3a NIPOCTOIO 30J1b-T€JIb TEXHOJIOTIEIO.
TakuM YMHOM, OKCHUJ, LIUHKY € Oi/IbII MiIJHMM MaTepiajioMm, HDK 30JI0TO, i MOXKe OYyTU HaHECEHUMU SIK 3aXUCHUI
HaHoIIap 3a 30JIb-TeJIb TEXHJIOTi€l0. PO3p06I€HO 3071b-TeJIb TEXHOJIOTIIO, SIKa JO3BOJIsIE CTBOPIOBATU HAHOILJiBKOBI
3aXMCHI IIapM 3 OKCUAy UMHKY. Ha 0CHOBI po3p0o6s1eHOi TeXHOJIOTil Oy BUTOTOBJIEHI JOCainHi 3pa3ku [1T1P-
CEHCOPIB, $Ki [T0Ka3aJIM [TOKPAIEeHUN Binryk Ha 20%. EXCliepUMEHTa/IbHO M TBEPIKEHO, 110 HAHOLIAP OKCULY
LIMHKY, HaHEeCEHU! 3a 30J1b-TeJIb TeXHOJIOTI€10, 3axXUIljae YyTAUBUI map 30510Ta Bif, Bignany 500 °C ta 3abesneuye
CTilIKiCTb B yMOBax TE€PTS, B TOMY YUCJIi Ha MiIPUEMCTBAX, [i€¢ HEOOXiJJHO KOHTPOJIIOBATH OJHOPiAHICTS MITiKepa
IIpY BUTOTOBJIEHHI K€PaMiyHUX BUPOGiB. JOCiIKeHHs 10Ka3alo, o Mifl 4ac 0JHOYACHOTO (POPMYBAHHS OKCULY
LIMHKY 32 JIOIIOMOTOI0 30J1b-TeJIb TeXHOJIOTII Ta Bignany npu 500 °C npotsarom 30 XBUJIMH, OKCUJ, LIMHKY YTBOPIOE
amop(HY IJIiBKY TOBIIMHOIO 5 HM. Llell map epeKTuBHO 3axXUIlae 30JI0TO Bifl TEPMIYHOTO Bifillajy Ta 3HWKY€E piBE€Hb
Mikpopedopmaliii 3 1,51% (y mo4aTKOBOMY CTaHi Iics1sl BAKYYMHOTO OCAIKEHHS) 10 PEKOPAHO HU3bKOTO 3HAYEHHS
0,005%. Kpim TOro, mopCTKiCTh OBEPXHi Lii€i IITiBKM CTAaHOBUTD 5 A, 1110 TeX MO3UTHBHO BIIMBAE HA TIOKA3HUKU
[ITIP - BuMipioBaHb. EKciepuMeHTaIbHO 0YJI0 TI0Ka3aHO NePCIeKTUBHICTh BUKOPUCTaHHS BAOCKoHaneHoro [1T1P-
CEHCOpa IJ1s1 KOHTPOJIIO CYCIIEH3il, gKa MICTUTh HEITPO30Pi YaCTKM PO3MiPOM Bill MIKDOMETPIB O HAHOMETPIB B
IIPOMUCJIOBUX YMOBax. Po3po6sienunii [1ITP-cencop 6yB BUKOPUCTAHUI 117151 JOBTOTPUBAJIOTO AOCIIiIKEHHS
IIPUPOJHOI BOAU. Bysi0 BCTAHOBJIEHO, IO OEIHAHHS METOAY ITOBEPXHEBOrO MJIa3MOHHOTO PE30HAHCY Ta
BMMIipIOBaHHSI [IPOBIAHOCTI LO3BOJISIE LIBUAKO Ta 06'€KTUBHO XapaKTepu3yBaTy 3a6pyAHEHHS IPUPOAHOI BOLIH.
HaykoBa HoBU3Ha: 1. Bnepiie po3po6eHnil QpisuKo-TeXHOJIOTIYHUN NifXif, 00 yIOCKOHAJIEHHS 3a YyTJIMBICTIO Ta
CTIMKICTIO 1O 3HOCY 4yTJIMBOIO 30710TOr0o NOoKputTs [1ITP-ceHncopa. 2. Briepiue ekcriepyMeHTarbHO BU3HAYEHO
3aXMCHI BJIACTUBOCTi aMOpP(HOro 30J1b-TeJIb HAHOIIAPY OKCUY LIMHKY Ha CTiMKiCTh HaHOMIapy 30J10Ta [0 Bifnamuy.
Hanecenuit HaHoLap OKCUAY UMHKY 3aXUCTUB YyTIMBUY Wap 3o0J10Ta npu Bignamui 400 °C nporarom 20 roguH. Lie
IlaJ10 3MEHIIEHHs BHYTPIIIHIX HaNpy>KeHb 110 pekopaHoro 3HayeHHs 0,005%, a mopcTkocTi o 5 A. Uy TauBicTb
po3pobieHoro ceHcopa migsummiaack Ha 20%. 3. 3HococTilKicTh BockoHaneHoro [1TTP-ceHcopa 3 3aXUCHUM
IIaPOM B YMOBAaxX CyXOTr'o TepTs 6aBOBHSIHOIO TKAHUHOIO ITpU NUTOMOMY TUCKY 30 r/cM2 nigsuiuiacs B 20 pasis 3a
PaxyHOK, NiJIBAILIEHHS MEXaHIYHOI MilIHOCTi, 3MEHIIEHHS Koe)illieHTy TepTs Ta 3MEHIIEHHS MOPCTKOCTI
IIOBEPXHEBOTO 1Iapy OKCUAY LUMHKY B IOPiBHSHHI 3 IapoM 30J10Ta. [IpakTyHe 3Ha4eHHs: 1. PO3po6ieHO 30/1b-Tellb
TEXHOJIOTiI0 HaHeCEeHHS HaHOIAPiB TOBIIMHOK 5 HM aMOPQHOr0 OKCUAY LIMHKY sIKa ePeKTUBHO 3aXUILa€ TOBEPXHIO
30JI0TOT'0 YyTJIMBOTO MIAPY Bifi CTPYKTYPHUX 3MiH IIpU Bifniazi Ta 3abe3revye B HhOMY PEKOPIIHO HU3bKUI PiBEHb
BHYTPIIIHIX HaNIpyXeHb. 2. PO3p0671€HO TeXHOJIOTiI0 Ha IPUKJIAJIi 30JI0TOr0 HAHOIIAPY, sIKa 103BOJIsIE MiHIMI3yBaTH
[IOBEPXHEBY LIOPCTKICTb ONITUYHUX [IOBEPXOHb ceHcopa. 3. PO3po6yieHO yI0CKOHANIEHUH Yy TIUBUY €JIEMEeHT 3

i BUILIEHOIO YYTJIMBICTIO Ta 3HOCOCTIMKICTIO, IKUH [10Ka3aB MOXJIMBICTh KOHTPOJIIO TEXHOJIOTIYHUX CYCIIEH3iN Ta
IOBrOTPUBAIMX LOCIIIKEHD IKOCTI IPUPOIHOI PIYKOBOI BOAM.

2. Kachur N. V. Physical Properties of an Enhanced SPR Sensor with a Protective Zinc Oxide Layer. — Qualification
research paper (manuscript). Dissertation for the degree of Doctor of Philosophy in specialty 105 “Applied Physics
and Nanomaterials.” - V.E. Lashkaryov Institute of Semiconductor Physics of the National Academy of Sciences of
Ukraine, Kyiv, 2025. This dissertation is devoted to improving an optical sensor in order to enhance its sensitivity
and prolong its operational lifetime based on the phenomenon of surface plasmon resonance (SPR) through the
application of an additional zinc oxide (ZnO) layer and the study of its characteristics. The aim of the dissertation is
to increase the sensitivity and operational stability of a surface plasmon resonance (SPR) sensor. SPR sensors are
widely used in medicine, veterinary science, industry, and environmental monitoring. Gold is commonly used as

the sensitive layer in SPR sensors due to its chemical stability and high density of free charge carriers. However,



during prolonged use, the gold layer tends to degrade, leading to a loss of sensitivity. Therefore, the main
challenges in SPR sensor development are improving their sensitivity and increasing their longevity. One of the
most promising strategies is to apply a protective layer that enables high-temperature annealing, reduces surface
roughness, and enhances the durability of the gold layer. Zinc oxide has a melting point of 19750°C, nearly twice that
of gold (10640°C). Its dry friction coefficient ranges from 0.2 to 0.8, while for gold it varies between 0.6 and 2.5,
which is significantly higher. ZnO nanocoatings can be applied using a simple sol-gel method. Thus, ZnO is a more
mechanically robust material than gold and can be used as a protective nanolayer deposited via sol-gel technology.
A sol-gel technology was developed to produce protective nanocoatings of zinc oxide. Experimental SPR sensor
samples were fabricated based on the developed technique, showing a 20% improvement in response. It was
experimentally confirmed that a ZnO nanolayer deposited using the sol-gel method protects the gold sensitive
layer from degradation during annealing at 5000°C and ensures mechanical stability under friction conditions,
including in industrial environments where slip casting uniformity must be monitored in ceramic production. The
study demonstrated that during the simultaneous formation of zinc oxide via the sol-gel process and annealing at
5000°C for 30 minutes, an amorphous ZnO film of 5onm thickness is formed. This film effectively protects the gold
layer during thermal annealing and reduces the level of microstrain from 1.51% (initial state after vacuum
deposition) to a record-low value of 0.005%. Furthermore, the surface roughness of this film was 5o, which also
positively affects SPR measurement performance. Experimental studies demonstrated the potential of the
enhanced SPR sensor for monitoring suspensions containing opaque particles ranging in size from micrometers to
nanometers under industrial conditions. The developed SPR sensor was also used for long-term monitoring of
natural water. It was established that combining the surface plasmon resonance method with conductivity
measurements enables rapid and objective characterization of natural water contamination. Scientific novelty: 1.
For the first time, a physical-technological approach was developed to enhance the sensitivity and wear resistance
of the gold-sensitive layer in SPR sensors. 2. For the first time, the protective properties of an amorphous ZnO sol-
gel nanolayer in enhancing the thermal stability of a gold nanolayer were experimentally demonstrated. The
applied ZnO layer protected the gold layer during annealing at 4000°C for 20 hours. This resulted in a reduction of
internal stresses to a record-low value of 0.005% and surface roughness to 50A. The sensitivity of the developed
sensor increased by 20%. 3. The wear resistance of the enhanced SPR sensor with a protective ZnO layer under
dry friction conditions with cotton fabric at a specific pressure of 30ng/cm? increased by a factor of 20 due to
increased mechanical strength, reduced friction coefficient, and decreased surface roughness of the ZnO layer
compared to gold. Practical significance: 1. A sol-gel technology was developed for applying 5Sonm-thick amorphous
ZnO nanolayers that effectively protect the surface of the gold-sensitive layer from structural changes during
annealing and ensure a record-low level of internal stress. 2. A fabrication method was developed, using a gold
nanolayer as an example, that minimizes the surface roughness of the sensor’s optical interface. 3. An advanced
sensitive element with improved sensitivity and wear resistance was developed, demonstrating the capability to
monitor technological suspensions and conduct long-term studies of natural river water quality.
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MicneSHaxo,erCHHﬂ: npocnekt Hayku, Kuis, 03028, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: HanjjonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZmoMOCTi

Bnacue IpizBume Im's [10-6aTbKOBI Crponcekuit Osniekcanzip Bosogumuposuy
rOJIOBH pagu

Bnacwue IpizBume Im's I1o-6aTbKOBI Crpoucekuit Onexkcanup BosoguMuposud
rOJIOBYIOYOTO Ha 3acCiiaHHi

BinnosimasabHHU# 3a lli,uI‘OTOBKy [Tonomapenko Banentuna BononumupisHa
00JIIKOBHX JOKYMEHTIB

Peecrpa'rop Opuenko TersiHa AHaToJIiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




