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1. Kauyp H. B. ®iznuHi B1actuBocTi ygockoHasneHoro [1TP-cencopa 3 3aXMCHUM LIapOM OKCULy IIUHKY. —
KsanigikauiiiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jlucepralist Ha 3000yTTsl HAYKOBOTO CTYII€HS JOKTOpa
¢inocoii 3a cnenianpHicTio 105 «IIpuknanna ¢pisuka Ta HaHOMaTtepianny». — IHCTUTYT Qi3UKKU HaNiBIPOBiAHUKIB
imeni B.€. JlamkapbsoBa HAH Vkpainu, Kuis, 2025. [lucepranis npucBsyeHa yI0CKOHAJIEHHIO OIITUYHOIO CEHCOpa 3
METOIO MiIBUIIEHHS YYTJIMBOCTI Ta TPOAOBXKEHHS CTPOKY €KCILTyaTallii ONTUYHOTO CEHCOoPa Ha OCHOBI SIBUIIA
IIOBEPXHEBOTO MJIa3MOHHOr0 pe3oHaHcy (T1I1P) 3a paxyHOK HaHeCEHHS OAATKOBOIO APy OKCUIY LIMHKY Ta

BHMBUEHHIO XapakTEPUCTUK TAKOTO CEHCOpa. MeTolo AucepTaliiiHoi po60TH € 306iNbIIEHHS YYTIUBOCTI Ta CTPOKY



eKCIIyaTaliii ceHcopa Ha OCHOBI ()i3UYHOTO SIBUILA TOBEPXHEBOTO IJIa3MOHHOTO pe3oHaHcy. [1T1P-cencopu
IIXPOKO BUKOPUCTOBYIOTh Y MEJINLIMHI, BETEPUHAPIi, IPOMUCIIOBOCTI Ta €KOJIOTIYHOMY MOHITOpUHTY. HaityacTime B
SKOCTi 4yTnBUX mapis [1I1P-ceHCcopiB BUKOPUCTOBYIOTh 30JI0TO YEPE3 MOr0 XiMi4HY CTiMKiCTh Ta HAasBHICThb
BEJIMKOI KiJIbKOCTI BiIbHUX HOCIiB 3apsapy. [Ipu TpuBanomy BukopucraHHi [1I1P-ceHcopa 4yTiuBe MOKPUTTS 30J10Ta
Ierpanye i 1oro 4yTauBiCTh 3MEHIIYEThCS. ToMy OCHOBHUMM I1pobemamu ITTTP-ceHcopiB € 36inbeHHs
YYTJIMBOCTI Ta TPUBAJIOCTI IXHBOK BUKOPUCTaHHS. OJHUM 3 OCHOBHUX IJISIXiB BIOCKOHaseHHs [1TIP-ceHcopiB €
301/1bLIIEHHS iXHBOIO YYTJIMBOCTI 32 paXyHOK HAaHECEHHSI I04AaTKOBOT'O 3aXMCHOTO 11apy, SIKUH [103BOJIsI€ IPOBOAUTU
BUCOKOTEMIIEPATYPHUY Bifraj, 3MEHIIUTY IOPCTKICTh Ta MiJIBUIYE CTIMKICTb 30JI0Ta 10 Aerpagaunii. Okcup [uHKyY
Mae TemIeparypy miasaeHHs 1975 °C, mo 6inbie Maike B IBa pasy, Hix a1 3os0Ta — 1064 °C. KoediuieHT cyxoro
TepTsl OKCULy UMHKY cTaHoBUTh 0,2-0,8. KoedilieHT cyxoro TepTs 30710Ta CTaHOBUTS Bif 0,6 10 2,5, 10 CYyTTEBO
GiybIle, HiX [1J151 OKCUIY UMHKY. HaHOMJIIBKY OKCUIY LIMHKY MO>KHA HAHOCUTH 32 NIPOCTOIO 30J1b-T€JIb TEXHOJIOTIENO.
TakuM YMHOM, OKCHUJ, LUHKY € Oi/IbII MiIJHMM MaTtepiajiom, HDK 30JI0TO, i MOXKe OyTH HaHECEHUHU SIK 3aX1CHUI
HaHOIIaP 3a 30JIb-TeJIb TEXHJIOTi€l0. PO3p06I€HO 3071b-TeJIb TEXHOJIOTIIO, SIKa JO3BOJIsIE CTBOPIOBATH HAHOILJIIBKOBI
3aXMCHI IIapy 3 OKCUAy UMHKY. Ha ocHOBI po3po6sieHo0i TeXHOJIOTii Oy BUTOTOBJIEHI AOCainHi 3pasku [1T1P-
CEHCOPIB, 4Ki IOKa3aju MoKpauieHn Biaryk Ha 20%. EKCIiepMMEHTaIbHO MiATBEPIKEHO, 110 HAHOLIAD OKCULY
LIMHKY, HaHEeCEHU! 3a 30JIb-TeJIb TEXHOJIOTI€10, 3axXUIa€e YyTAUBUM map 30510Ta Bif, Bignany 500 °C ta 3abesneuye
CTilKiCTh B yMOBax Te€PTs, B TOMY YUCJIi Ha MiIIPUEMCTBAX, Jle¢ HEOOXiTHO KOHTPOJIIOBATH OJHOPiAHICTb 1jTiKepa
IIpY BUTOTOBJIEHHI KEpaMiuHMX BUPOOGIB. [JOCiIKEHHS [10Ka3ao, WO Mif, 4ac 0JHO4aCHOTO (POPMYBaHHS OKCULLY
LIMHKY 32 JJ0TIOMOTOI0 30JIb-TeJIb TeXHOJIOrII Ta Bignany npu 500 °C npotarom 30 XBUJIMH, OKCUJL LIUHKY YTBOPIOE
amop(HY IJIiBKY TOBIIMHOIO 5 HM. Llell map epeKTUBHO 3axXUIlae 30JI0TO Bifl TEpMIYHOTO Bifillajy Ta 3HUKY€E PiBE€Hb
Mikpogedopmariii 3 1,51% (y mo4aTkoBOMy CTaHi MicCJIsi BAKYYMHOI'O OCQP)KEHHSI) 10 PEKOPAHO HU3bKOTO 3HAUEHHS
0,005%. Kpim Toro, mopcTKiCTh MOBEPXHi Ijiel MIiBKM CTaHOBUTS 5 A, 110 TeX MO3UTUBHO BIJIMBAa€E HA MOKA3HUKH
[IT1P - BuMipioBaHb. EKCiepuMeHTaIbHO OYJI0 ITI0Ka3aHO MePCIeKTUBHICTh BUKOPUCTaHHS BIOCKoHaneHoro [1T1P-
CEHCOPpa IJIs1 KOHTPOJIIO CYCIIEH3il, gKa MiCTUTh HEITPO30Pi YACTKU PO3MiPOM BiJl MIKDOMETPIB O HAHOMETPIB B
IIPOMUCIIOBUX YMOBax. Po3po6iennii IT1P-cencop 6yB BUKOPUCTAHUH 1171 JOBrOTPUBAJIOrO AOCiI KEHHS
IIPUPOJHOI BOIU. byJIo BCTAHOBJIEHO, IO NTOE€IHAHHS METOAY [TIOBEPXHEBOTO IJIA3MOHHOI'O PE30HAHCY Ta
BMMIipIOBaHHSI [IPOBiAHOCTI LO3BOJISIE LIBUAKO Ta 06'€KTUBHO XapaKTepu3yBaTy 3a6pyAHEHHS [IPUPOAHOI BOLIU.
HaykoBa HoBU3Ha: 1. Briepiue po3po6sieHuil QpisruKo-TeXHOJIOTIYHUN NifXif, 00 yIOCKOHAJIEHH 33 YyTJIMBICTIO Ta
CTIiHKICTIO 10 3HOCY 4yTJIMBOTO 30J10TOr0 NOKpUTTS [1[1P-ceHcopa. 2. Brepiie eKCriepruMEeHTaIbHO BU3HAYEHO
3aXMCHI BJAaCTUBOCTI aMOpP(HOro 30J1b-TeJIb HAHOIIAPY OKCUAY LMHKY Ha CTiMKiCTh HaHOIIApy 30J10Ta [0 BifIamy.
HaHeceHnuit HaHOWAp OKCUAY LMHKY 3aXMCTUB YyTJIUBUH Wap 30s0Ta npu Bignasni 400 °C npotsarom 20 ropuH. Le
Ila710 3MEHIIEeHHsI BHYTPILIHIX Halpy>KeHb 10 peKopAHoro 3HadeHHs 0,005%, a mopcTKoCTi 10 5 A. YyT/IuBiCTh
po3pobieHoro cencopa nippumunacek Ha 20%. 3. 3HOCOCTIKICTh BIockoHasieHoro [TITP-ceHcopa 3 3aX1CHUM
IIapOM B YMOBAaX CyXOTr'o TepTs 6aBOBHSIHOIO TKAHUHOIO IIpU NUTOMOMY TUCKY 30 r/cM2 nigsBuiuiacs B 20 pasis 3a
PaxyHOK, HiJBULIEHHS MEXaHIYHOI MilIHOCTi, 3MEHIIEHHS Koe)illieHTy TepTs Ta 3MEHIIEHHS MOPCTKOCTI
[IOBEPXHEBOTO APy OKCUY UMHKY B IIOPiBHSHHI 3 MapoM 30510Ta. [IpakTuyHe 3Ha4eHHs: 1. PO3p06ieHO 3071b-Tejb
TEXHOJIOTiI0 HaHEeCEeHHS HAaHOIIAPiB TOBIIMHOI 5 HM aMOPQHOr0 OKCUAY LMHKY sIKa ePeKTUBHO 3aXHIIa€ TOBEPXHIO
30JI0TOT'O YyTJIMBOTO APy Bifi CTPYKTYPHUX 3MiH IIpU Bifnazi Ta 3abe3reyye B HhOMYy PEKOPIIHO HU3bKUI PiBEHb
BHYTPIIIHIX HaNIpy>KeHb. 2. PO3p06J1€HO TEXHOJIOT{I0 HA IPUKJIaZi 30JI0TOTO HAaHOIIAPY, SKa [03BOJII€ MiHIMi3yBaTH
IIOBEPXHEBY MIOPCTKICTb ONTUYHUX OBEPXOHb CEHCOPA. 3. PO3p0671€HO YOCKOHAIEHU! Yy TIIMBUI €J1IEMEHT 3
MiJBUILIEHOIO YYTJIMBICTIO Ta 3HOCOCTINKICTIO, SIKUI [I0OKa3aB MOXJIMBICTb KOHTPOJIIO TEXHOJIOTIYHUX CYCIIEH3il Ta
IOBrOTPUBAJINX LOCIIIPKEHD IKOCTI IPUPOIHOI PIYKOBOI BOAY.

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 504, 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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InenTudikarop ORCHID ID: He sactocoyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHUAHUYHOI OCOOM: [HCTUTYT BisuKy HANIBIPOBIAHKKIB iMeHi B. €. Jlamkapbosa

HanionansHoI akamemii Hayk YKpainu

Kopg 3a €APIIOY: 05416952

Micuesnaxonmeunﬂ: npocnekt Haykuy, 6ya. 41, Kuis, 03028, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: HaujoHasnbHa akaziemis HayK YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkaneMivHuit

VIII. 3aKkJIr04Hi BiZoMOCTi



Biacue IpizBume Im's [10-6aTbKOBI Crponcekuit Onekcanzip Bosogumuposuy

TOJIOBH paju

Biacue IpizBume Im's I10-6aTbKOBI Crponcekuit Osiekcanzip Bosogumuposuy

TOJIOBYIOYOrO Ha 3acCimaHHi

BigmosigaabHuUI 3a IIi,Z;I‘OTOBKy [Tonomapenko Banentuna BosnogumupiBaa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




