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JIETOBAHOTO iHJi€M OKCUZY LIMHKY i iX HAHOKOMITO3UTIB
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Pedepar:

1. AKTyaspHICTb IPOBENEHHS JAaHOTO NMCEPTALiHOrO NOCIIKEHHS NOJISIra€ B CTBOPEHHI HOBUX pafialiliHO-
CTilIKUX i MEXaHIYHO CTabiIbHUX (POTOUYTINBUX PYHKIIOHAJIPHUX MaTepiaiB i IpUIafloBUX CTPYKTYP THYYKOI
ONTOEJIEKTPOHIKU i TEPMOEJIEKTPUKY i3 BUKOPHCTAHHSIM HEJOPOTUX i IPUAATHUX [1JI1 MaCOBOrO BUPOOHMIITBA
rigpoxiMiYHMX METOZiB BUTOTOBJIEHHSI HAHOCTPYKTYPOBaHMX LI1apPiB OKCUY IIMHKY HesieroBaHoro (ZnO) i
sieroBaHoro iHzieM (ZnO:In) i ix KOMIO3UTIB i3 6i0MIOIMEPOM HAHOLIEJII0JI03010 Ta HAHOYACTMHKaMU CpibJia Ha
[IOBEPXHI TBEPAMX i THYYKHUX IIJIIBKOBUX MiIKJIAIOK Ta TKAaHUH. HayKoBa HOBU3HA OJI€P>KaHUX PE3YJIbTATIB MOJISITAE B
TOMY 110 PO3pO6JIEHO TiAPOXiMiUHI METOAM BUTOTOBJIEHHSI HAHOCTPYKTYPOBaHUX MIiBOK ZnO i ZnO:In i3 BuCOKOI0

CTIiHKICTIO 10 BIUIMBY OOPOOKY BOJIHEBOIO I1J1a3MOI0 TJII0YOT0 PO3PsLy, BUCOKUX [03 OIIPOMIHEHHS €JIeKTPOHHUM



IIYYKOM i 10 >KOPCTKOrO yJbTPadioseTOBOro ONpoOMiHEeHHs. BU3Ha4€HO eTany TeXHOJIOTIYHOrO IPOoLEeCYy, SIKi
320€3M1e4yI0Th ONTUMaJIbHI TEPMOEJIEKTPUYHI BJIACTUBOCTI HAHOCTPYKTYPOBaHUX ITiBOK ZnO i ZnO:In Ha rHyYKUX
niaxnaakax. JocmigkeHo BIVIUB 0OPOOOK SKOPCTKUM yJIbTPadiosleTOBUM OIIPOMiHEHHSIM, BOJHEBOIO I171a3MOI0
TJII0YOTO PO3PSAYy, BACOKAMHU [103aMU ONTPOMIHEHHS €JIEKTPOHHUM IIyYKOM Ta BifillajlaMU y BaKyyMi Ha TOYKOBi
nedeKTH i ix KOMIJIEKCH B KPUCTaJIivHil pelliTLi BUTOTOBJIEHUX TiIpOXiMiYHMMU METOJAaM1 HAHOCTPYKTYPOBaHUX
mw1iBoK ZnO i ZnO:In. JJocnigkeHo YyMOBU HaJaHHS BKPUTUM HaHOCTPYKTYPOBaHUMU ILTiBKamu ZnO:In TkaHnHaM
cyneprinpodo6Hux BiaactTuBocTei 3a mogeso Kacci-bakcrepa i nokazaHo BIUIUB yIbTPadiosneToBOro
OIIPOMIHIOBaHHS Ha BOJOBIAIITOJIbXYBAJIbHI BJIACTUBOCTI TAKOIO TEKCTUIIIO. BU3HAaY€HO BIIMB BaKaHCil KucHIO VO,
SKi BUHMAKAIOTh BHACJIIIOK BaKYyMHUX BifillajsliB B HAHOCTPYKTypax ZnO i ZnO:In, Ha po3MUPEHHS CIIEKTPY
(OTOUYTINBOCTI OKCUAY LIMHKY Bifi y/IpTpadioseToBoro 10 BUIUMOTrO i GJIM>KHBOTO iHPpauepBOHOIO iaa3oHiB.
JlocifizKeHO BILJIMB JIOKAJIi30BaHOTO [TIOBEPXHEBOTO 7Ia3MOHHOTO Pe30HaHCY Ta NojBiiiHuxX 6ap’epis LIOTTKi Ha
Mexi Ag-ZnO Ha POTOUYTIUBICTb BUTOTOBJIEHUX TiIPOXiMIYHMMU METOLAMU FHYYKUX IPUIATOBUX CTPYKTYP OJIS
doTroneTeKTopiB POTOPE3NCTUBHOIO TUILY BilHOCHO CBiTJIa y/IbTPadioseToBOro, BUAUMOTO i 6JIMKHBOTO
iH(ppauepBoHOro nianasoHis. OTpUMaHi pe3yIbTaTh MAIOTh IPAKTUYHE 3Ha4eHHSs. Tak B guceprallii CTBOPEHO
THYYKi IIOKPUTTS [JIs1 3aXUCTY Bill COHSTYHOTO yJIbTPadioseTy B HA3eMHUX YMOBAX Ha OCHOBI BUTOTOBJIEHUX
rifpOoXiMiYHMMM METOJAMU TOHKMX HAHOCTPYKTYPOBaHUX IJiBOK ZnO i ZnO:In Ha THYYKUX JELeBUX
noslieTuyieHTepedTaNaTHUX MigKIagKax, sKi BilIOBiAAI0Th KaTeropii «BigMiHHO» (50+) MiXXHAPOJHOTO CTaHAAPTY
ISO 2443:2012(E) «BusHaueHHs (pOTO3axUCTy COHLLE3aXMCHOr0 NOKpUTTS UVA in vitro». BUrotoBneHo ctabinbHuil B
eKcIutyaTanii cyneprinpodo6Huil TEKCTUIIb HA OCHOBI I10J1ieCTepOBOi TKAHUHY 3 TIOKPUTTSIM i3
HaHOCTPYKTypOBaHUX mapiB ZnO:In, SKni1 He BTpavae CBOIX BOAOBINIITOBXYBaJIbHUX BIACTUBOCTEN MiCJIsl TPAHHS
Ta,/ab0 ONpoMiHEHHS ylIbTpadiosneToM COHSTYHOrO CBiT1a. CTBOPEHO €(PEeKTUBHI FHYyuYKi (POTOUYTIIMBI IPUIALIOBI
CTPYKTYPHY Ha OCHOBI HAHOCTPYKTYpOBaHUX IJ1iBOK ZnO i ZnO:In Ha nomiiMigHMX MigKIagKax, a TAKOK Ha OCHOBI
TOHKOILJIIBKOBOTO HAHOKOMITO3UTY 3 HAHOLIEJIIOJIO3HOK0 MaTPHLEIO Ta HalloBHIOBaYeM ZnO:In, 10 € nepCcrneKTuBHUM
L7151 BAKOPUCTAHHS B HOBil1 KOHCTPYKIIii 6i0CyMiCHOTO THYYKOTO IIMPOKOCMYTOBOTO (POTONETEKTOPA, B IKOMY
HAHOLEJIIOJIO3HA MATPULS He TUIbKY 3axuilae (PyHKLiOHAIbHUI HaNiBIPOBiZHUK ZnO:In Big MeXaHIYHUX
MOLIKO/KEHDb i aTMOCHEPHOTO BILJIMBY, ajle TAKOX MiJIBUIlye MOHOXPOMATUYHY aMIlIep-BaTHY YyTJIUBiCTb, 30BHILIHIO
KBaHTOBY €(EeKTUBHICTb i crieuiuHy JeTeKTUBHICTh THYYKOI0 IHNPOKOI0JIOCHOTO GOTOETEKTOPA
(POTOPE3UCTUBHOTIO TUILY [IO PiBHS KpallUX Cyd4acHUX 3pa3kiB. CTBOPEHO THy4Ki (OTOUYTIMBI IPUIaL0Bi CTPYKTypU
17151 GOTOAETEKTOPIB (POTOPE3UCTUBHOIO TUITY i3 MiBUILIEHOIO €(PEKTUBHICTIO HA OCHOBI BUTOTOBJIEHUX
rigpoxiMiyHUMK METOJAaMH Ha MOJIiMIZHUX HiiKafKax HAHOCTPYKTYPOBaHUX ILIiBOK oKcuay nuHKy ZnO /Pl i
HAaHOKOMIIO3UTY i3 HaHOYaCTUHKaMu cpibsa ZnO_Ag/Pl, B sKOMy 3aBISIKU JIOKAJi30BAHOMY IIOBEPXHEBOMY
IIJIa3MOHHOMY P€30HAHCY Ta NogBiliHMM 6ap’epam IoTTki Ha Mexi Ag-ZnO 36iybIIE€HO A0 PiBHS KpalllMX Cy4YaCHUX
3pas3KiB rHyYKUX MHUPOKONOJIOCHUX (POTOAETEKTOPIB aMIlep-BaTHY UyTJIMBICTb, 30BHIIIHIO KBAHTOBY €()EKTUBHICTb i
criennivyHy IeTeKTUBHiCcTb. CTBOPEHO HYYKi TOHKOILIIBKOBi TEpMOEJIEKTPUYHI eJIeMEeHTH IIJIaHApPHOT'O TUITY Ha
OCHOBI BignaseHux y Bakyymi rnpu 300°C HaHocTpyKkTypoBaHux mwapis ZnO i ZnO:In Ha nosiiMigHUX migKaagKkax
BurorosieHo ¢yHKIIOHANBHY IPUJIALO0BY CTPYKTYPY FHYYKOTO TOHKOILIiIBKOBOTO TEPMOEJIEKTPUYHOTO MOy JIsI
MIJIAHAPHOTO TUITY HAa OCHOBI HAHOCTPYKTYPOBaHOro mapy ZnO Ha NoJiiMinHINA MigKaani i mokazaHo rnepesaru
BHMKOPHMCTaHHS B HbOMY TOHKOILIiBKOBUX Tepmorap i3 TE enementamu n-tuny ZnO /Pl i metaniyHumu
xpoMmesieBuMu TE esleMeHTaMu p-TUIly. BUTOTOBJIEHO FHYUYKi TEPMOEJIEKTPUYHI €J1EMEHTH IIJIaHAPHOTO TUITy Ha
OCHOBI HAHOCTPYKTYpOBaHuX IIiBOK ZnO i ZnO:In Ha nostiMiTHMX MiIKIagKaX i3 TOHKOILIIBKOBUMY OMiYHMMU
KOHTaKTaMM, BUXiIHI TEPMOEJIEKTPUYHI IapaMeTPHU SIKMX BiNOBIAI0Th CY4aCHUM MiHIaTIODHUM Ta FHY4YKUM

TEPMOEJIEKTPUYHUM IIPUJIaZIaM, ajle MaloTh 3Ha4YHy [lepeBary y co6iBapToCTi.

2. The relevance of this dissertation research is the creation of new radiation-resistant and mechanically stable
photosensitive functional materials and device structures of flexible optoelectronics and thermoelectrics using
inexpensive and suitable for mass production hydrochemical methods for obtaining nanostructured layers of zinc
oxide undoped (ZnO) and doped with indium (ZnO:In) and their composites with biopolymer nanocellulose and
silver nanoparticles on the surface of solid and flexible film substrates and fabrics. The scientific novelty of the
obtained results is as follows. Hydrochemical methods have been developed for obtaining nanostructured ZnO and



ZnO:In films with high resistance to treatment with glow-discharge hydrogen plasma, irradiation with high doses
of an electron beam, and ultraviolet UVC radiation. The stages of the technological process that provide optimal
thermoelectric properties of nanostructured ZnO and ZnO:In films on flexible substrates are determined. The
influence of treatments with ultraviolet UVC radiation, hydrogen-plasma glow discharge, high doses of electron
beam irradiation, and vacuum annealing on point defects and their complexes in the crystal lattice of
nanostructured ZnO and ZnO:In films obtained by hydrochemical methods has been studied. The conditions for
providing superhydrophobic properties of fabrics with nanostructured ZnO:In films according to the Cassie-Baxter
model have been studied, and the effect of ultraviolet radiation on the water-repellent properties of such fabrics
has been shown. The influence of VO oxygen vacancies resulting from vacuum annealing in ZnO and ZnO:In
nanostructures on the expansion of the zinc oxide photosensitivity spectrum from the ultraviolet to the visible and
near-infrared ranges has been determined. The effect of localized surface plasmon resonance and double Schottky
barriers at the Ag-ZnO interface on the photosensitivity of flexible device structures of photoconductive
photodetectors with respect to ultraviolet, visible, and near-infrared radiation has been studied. The results
obtained are of practical importance. Thus, the dissertation created flexible coatings for protection from solar
ultraviolet in terrestrial conditions based on thin nanostructured films of ZnO and ZnO:In, obtained by
hydrochemical methods on flexible substrates from cheap polyethylene terephthalate, corresponding to the
category "excellent" (50+) according to international standard ISO 2443:2012(E) “Determination of sunscreen UVA
photoprotection in vitro”. A durable superhydrophobic textile based on polyester fabric coated with
nanostructured ZnO:In layers has been obtained, which does not lose its water-repellent properties after washing
and/or exposure to ultraviolet rays of sunlight. Efficient flexible light-sensitive device structures based on
nanostructured ZnO and ZnO:In films on polyimide substrates, as well as on the basis of a thin-film nanocomposite
with a nanocellulose matrix and ZnO:In filler, have been developed. The latter is promising for use in a new
photoresistor design, in which the matrix not only protects the ZnO:In functional semiconductor from mechanical
damage and atmospheric influences, but also increases the spectral responsivity, external quantum efficiency, and
specific detectivity of the flexible broadband photodetector to the level of the best modern samples. Flexible light-
sensitive device structures for highly effic ient photoconductive photodetectors based on nanostructured zinc
oxide films obtained by hydrochemical methods on polyimide substrates ZnO/PI and on its nanocomposite with
silver nanoparticles ZnO_Ag/PI have been developed. In the latest designs of devices, due to localized surface
plasmon resonance and double Schottky barriers at the Ag-ZnO interface, the spectral responsivity, external
quantum efficiency, and specific detectivity are increased to the level of the best modern samples of flexible
broadband photodetectors. Planar flexible thin-film thermoelectric elements are fabricated based on
nanostructured ZnO and ZnO:In layers annealed in vacuum at 300°C on polyimide substrates. The functional
device structure of thin-film thermocouples with ZnO /PI n-type TE elements and p-type metal chromel TE
elements is obtained. Flexible planar thermoelectric elements are made on the basis of nanostructured ZnO and
ZnO:In films on polyimide substrates with thin-film ohmic contacts, the output thermoelectric parameters of
which correspond to modern miniature and flexible thermoelectric devices, but have a significant cost advantage.
The practical results of the work are protected by the patent of Ukraine for a utility model No 150983
("Manufacturing method of flexible textile thermoelectric module" Publ. Bull. No. 20 dated 18.05.2022). The results
of the dissertation were introduced into the technological process by the Limited Liability Company
"MYRENERHOKOM" (Kharkiv).
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