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Pedepar:

1. lllenoTbko €. M. 'HyuKi IpUIafoBi TEpMOEIEKTPUYHI, TPUOOEIEKTPUYHI i I1'e30€JIeKTPUYHI CTPYKTYpU Ha OCHOBI
HAaHOCTPYKTYpPOBAHUX IIapiB HaMiBIPOBITHYKIB i 6i0NosliMepHIUX HAHOKOMIIO3UTIB. — KBasigikalliiiHa HayKoBa
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Ha Kadenpi «Mikpo- Ta HaHOEJIEKTPOHIKM» HalliloHaJIbHOTO TEXHIYHOTO YHiBEPCUTETY «XapKiBChbKUN MOJITEXHIYHNN
iHcTUTYT» MiHicTepcTBa OCBITH i HayKu YKpaiHu. 3 AucepTalielo MOXXHA 03HAaNOMUTUCH Yy 6ibioTeri

HarjioHasibHOTO TEXHIYHOTO YHIBEPCUTETY «XapKiBCbKUI MOJIITEXHIYHUI IHCTUTYT» 3a agpecoro: 61002, M. Xapkis,



ByJ1. Kupnmndosa 2. AKTyasIbHICTb IPOBEJIEHHS JAHOTO AUCEPTALITHOTO JOCIiIKEHHS T10JIsIrae B po3pooiLi
e(PeKTUBHUX TEPMOEJIEKTPUYHUX, TPUOOETEKTPUYHHUX i IT'€30€IeKTPUYHUX [IPUIIAJOBUX CTPYKTYP THYYKHUX i
TEKCTUJIbHUX €JIEKTPOHHUX F€HEPATOPiB Ta CEHCOPIB 1151 JKUBJIEHHS HOCUMOI €JIEKTPOHIKMY i 17151 aBBTOHOMHOTO
IeTeKTYBaHHS MEXaHIUHUX BIIJIMBIB, Ki 100yI0BaHO Ha OCHOBI 6i0CYMiCHMX TOHKMX HAHOCTPYKTYpPOBAHUX IIapiB
HAaIiBIPOBIIHUKOBUX MaTepiasiB okcuay UMHKY (ZnO) i lopuay mini (Cul) Ta 3 BUKOpucTaHHSIM 6iomosniMepy
HaHoueosno3u (NC). B nucepranii BupiiyeTbcst KOMIJIEKC 3aBaHb PyHIAMEHTaNbHOTO i IPUKJIAJHOTO XapaKTepy.
P0o3p06s1€HO KOHCTPYKLii THYYKUX TEKCTUIIbHUX TPUOOEJIEKTPUYHUX HAHOT€HEPATOPiB Ta aBBTOHOMHHUX CEHCOPHUX
IATYMKIB i3 HAHECEHUMU aBTOMAaTUYHMM METOZOM IOCIiLOBHOI afcop6wii i peakuii ioHHux mapis (SILAR)
HAaHOCTPYKTYypOBaHUMMU 1apamu ZnO Ha Byrieuesiil TkaHuHi (CF) i Bu3HauUeHo iX BUXiHI XapaKTepUCTUKY.
CTBOPEHO ONTUMAJIbLHUI IM3alH I1'€30€JIEKTPUYHUX / TPUOOETEKTPUYHUX IBOKOHTAKTHUX CEHCOPIB TUCKY Ta yAapy
i3 CMHT€30BaHUMU MiKPOXBUJILOBUM TiJpOTEPMAIbHUM METOLOM MACMBaMU HAaHOCTPMXKHIB Ta HAHOTPYOOK ZnO Ha
BYIJIELIEBIiM TKAHKHI, BATOTOBJIEHO €KCIIEPUMEHTAJIbHI 3pa3Ky Ta IIPOaHasi30BaHO iX BUXiHI XapaKTePUCTUKMU.
BUroTOBIEHO €KCIIEPUMEHTAJIbHI 3pa3KU FHYYKHUX | TEKCTUJIbHUX TEPMOEJIEKTPUYHUX €JIEMEHTIB i3
HAaHOCTPYKTYypOBaHMMH IlTiBKamu Cul Ha nigkiagkax i3 nosiiminy, nosietTuneHrepedranary, i3 6ionosuimepy
HAHOLEJIIOJIO31 Ta TEKCTUIbHUX HAHOKOMITIO3UTIB i3 rinporestiB NC pi3HOT0 OXOIPKEHHS i BOJIOKOH M0J1iedipHOi Ta
0aBOBHSIHOI TKaHUH, IOCJIIKEHO IX BUXiHI XapakTepuCTUKU. HaykoBa HOBU3HA OZleP>)KaHUX Pe3yJIbTaTiB [10JISrae B
HACTYITHOMY: - BIIEpLIE PO3PO6JIEHO NIPUJIAL0Bi CTPYKTYPH [1J1s1 €EKTUBHUX TPUOOETIEKTPUYHUX HAHOT€HEPATOPiB
Ta aBTOHOMHUX CEHCOPHUX JaTyukiB Ha ocHOBi CF /ZnO; - Bnepuie foCaifkeHo MOpdOJIorito, XiMiuHUI cKiaf,
KPUCTaJiYHy CTPYKTYPY i (i3n4Hi BIaCTUBOCTI HAHECEHUX Ha BOJIOKHA BYIJIE€LI€BOi TKAHWHU MiKpPOXBUJIbLOBUM
riipoTepMaJbHUM METOJIOM MACHUBiB HAHOCTPVKHIB Ta HAHOTPYOOK OKCUJLy LIMHKY; - BIleplie PO3PO6JIE€HO
AaBTOHOMHI I1'€30€JIeKTPUYHi / TpUOOEEKTPHUYHI TeHEPATOPHU i CEHCOPH i3 CUHTE30BaHUMU MiKPOXBUIbOBUM
riipoTepMajbHUM METOJIOM MacCUBaMU HAHOCTPUKHIB Ta HAHOTPYOOK OKCHAY LIMHKY Ha BYIJIELeBiil TKAaHUHI; -
BIIEPILIE PO3PO6IEHO IPUIATOBI CTPYKTYPY TOHKOILIiBKOBUX TEPMOEJIEKTPUYHUX €JIEMEHTIB 7151 THYYKHUX i
TEKCTUJIbHUX TEPMOEJIEKTPUYHMX T€HEPATOPIiB Ha OCHOBI HAHOCTPYKTYpPOBaHUX wapis Cul Ha rHYYKMX MiJKIagKax
i3 CHHTeTUYHUX NIOJIIMEPIB i 6i0N0IIMEPY HAHOLEIOIO3H, @ TAKOXK Ha MIOBEPXHi BOJIOKOH TEKCTUJIBHUX
HAaHOKOMITO3UTHUX MiJKJIa/IOK i3 IPOCOYEHMX HAHOLEJII0JI03010 NosiedipHoi i 6aBOBHSIHOI TKaHUH. OTpUMaHi
pe3yJIbTaTU MAIOTh [TPAaKTUYHE 3Ha4eHHS. CTBOPEHO e(PEeKTUBHI TPUOOETEKTPUYHI HAHOTEHEPATOPH Ta aBTOHOMHI
CEHCOPHI JaTYMKM Ha OCHOBi HAHECEHMX Ha BOJIOKHA BYIJIELIEBOI TKAHMHYU aBTOMAaTUYHUM MeTOIoM SILAR
HAaHOCTPYKTYPOBAHUX MIAPiB OKCUAY LMHKY i JOCIIXEHO iX BUXiHi MapaMeTpu. BUTOTOBIE€HO (PYHKLIIOHAJIbHI
€KCIIEpMMEHTAaJIbHI 3pa3Ky aBTOHOMHUX I1'€30€JIeKTPUYHUX /TPUOOEIEKTPUYHNX [eHepaToPiB i ceHCopiB i3
CHMHTE30BaHMMU MiKDOXBUJIbOBUM TiIpOTEPMATIbHAM METO/IOM MaCMBaMyU HAHOCTPWIKHIB Ta HAHOTPYOOK OKCUIY
LMHKY Ha BYIJIELEBil TKaHMHI i JOCTiIKeHO iX BUXinHi napamerpyu. CTBOPEHO TOHKOILIIBKOBI TEPMOEJIEKTPUYHI
€JIEMEHTH Ha OCHOBI HAHOCTPYKTYPOBaHUX 1IAPiB MOAUAY Mifli i THYYKUX ITOJIIMEPHUX MiAKIIALO0K i3 CHHTETUYHUX
marepiaJsiB Ta 6ioroJliMepy HaHOLEJII0JI03!, a TAKOX TEKCTUIbHUX 6i0N01iMepHUX HAHOKOMIIO3UTHUX IiIKJIAIOK i3
IIPOCOYEHUX HAHOL[eJ110J103010 NoJiedipHoi i 6aBOBHSIHOI TKaHUH, i €KCIIEPUMEHTAJIbHO JOBEEeHO iX MPUIAaTHICTb
1711 BAKOPMCTAHHS B THYYKUX | TEKCTUJIbHUX TEPMOEJIEKTPUYHUX TeHepaTopax. [IpakTuyHi pe3yabratd poboTH
3aXUIIEeHO NMaTeHTOM YKpaiHu Ha KopucHy mogesb N2 159678 «Croci6 BUrOTOBIEHHS! TEKCTUIIBHOTO
I'€30€JIEKTPUYHOTO / TPUO0EIEKTPMYHOIO HAHOT€HEPATOPA i3 IBOXEJIEKTPOHOIO CaHBiY€BOI0 KOHCTPYKIIi€I0»
Ki11040Bi cy10Ba: HAHOCTPYKTYPOBAaHUM 1Iap, CEHCOP, TOHKA IUIBKA, KPUCTa/IiYHA CTPYKTYpa, HAMIiBIIPOBiAHYK,
MOPQOJIOrisl, HAHOKOMIIO3UT, €JIEKTPOHiKa, HAHOTEXHOJIOT IS, 6i0NoJiMep, peHTreHiBCbKa AU(PaKLis, eJIeKTPUYHI

napaMeTpy, MigKaagKa, TeKCTypa, GJIyopeclieHTHA CIIEKTPOCKOITis

2. Shepotko Y. Flexible thermoelectric, triboelectric and piezoelectric device structures based on nanostructured
layers of semiconductors and biopolymer nanocomposites. - Qualifying scientific work on the rights of the
manuscript. Dissertation for the degree of doctor of philosophy in the specialty 105 «Applied physics and
nanomaterials» (10 - Natural sciences). - National technical university «Kharkiv polytechnic institute» of the
Ministry of Education and Science of Ukraine, Kharkiv, 2026. The work was performed at the Department of
Micro- and Nanoelectronics of the National Technical University "Kharkiv Polytechnic Institute" of the Ministry of
Education and Science of Ukraine. The dissertation can be found in the library of the National Technical University



"Kharkiv Polytechnic Institute" at the address: 2, Kyrpychova str., 61002, Kharkiv, Ukraine. The relevance of this
dissertation research lies in the development of effective thermoelectric, triboelectric and piezoelectric device
structures of flexible and textile electronic generators and sensors for powering wearable electronics and for
autonomous detection of mechanical influences, which are built on the basis of biocompatible thin nanostructured
layers of semiconductor materials zinc oxide (ZnO) and copper iodide (Cul), and using the biopolymer
nanocellulose (NC). The dissertation solves a set of fundamental and applied problems. The designs of flexible
textile triboelectric nanogenerators and autonomous sensors with nanostructured zinc oxide layers deposited on
carbon fabric (CF) by the automatic successive ion layer adsorption and reaction (SILAR) method have been
developed and their output characteristics have been determined. The optimal design of
piezoelectric/triboelectric two-contact pressure and impact sensors with arrays of zinc oxide nanorods and
nanotubes on CF synthesized by microwave hydrothermal method has been created, experimental samples have
been manufactured and their output characteristics have been analyzed. The device structures of
piezoelectric/triboelectric single-contact vibration sensors with arrays of zinc oxide nanorods and nanotubes on
carbon fabric synthesized by microwave hydrothermal method have been developed, experimental samples have
been manufactured and their output characteristics have been investigated. Experimental samples of flexible and
textile thermoelectric elements with nanostructured Cul films on substrates made of polyimide, polyethylene
terephthalate, on the biopolymer nanocellulose substrates and on textile nanocomposites made of NC hydrogels of
various origins and polyester and cotton fabric fibers were manufactured, and their output characteristics were
studied. The scientific novelty of the results obtained is as follows: - for the first time, device structures for
efficient triboelectric nanogenerators and self-powered sensors based on CF/ZnO were developed; - for the first
time, self-powered piezoelectric/triboelectric generators and sensors with arrays of zinc oxide nanorods and
nanotubes synthesized by the microwave hydrothermal method on carbon fabric were developed; - for the first
time, device structures of thin-film thermoelectric elements for flexible and textile thermoelectric generators
based on nanostructured Cul layers on flexible substrates made of synthetic polymers and nanocellulose
biopolymer were developed, as well as on the surface of fibers of textile nanocomposite substrates of polyester
and cotton fabrics impregnated with nanocellulose. The obtained results are of practical importance. Effective
triboelectric nanogenerators and self-powered sensors were created based on nanostructured zinc oxide layers
deposited on carbon fabric fibers by the automatic SILAR method and their initial parameters were investigated.
Functional experimental samples of self-powered piezoelectric /triboelectric generators and sensors with arrays
of zinc oxide nanorods and nanotubes synthesized by microwave hydrothermal method on carbon fabric were
manufactured and their output parameters were investigated. Thin-film thermoelectric elements were created
based on nanostructured layers of copper iodide and flexible polymer substrates made of synthetic materials and
nanocellulose biopolymer, as well as on fibers of textile biopolymer nanocomposites made of polyester and cotton
fabrics impregnated with nanocellulose, and their suitability for use in flexible and textile thermoelectric
generators was experimentally proven. The practical results of the work are protected by the patent of Ukraine for
a utility model No. 159678 “Method for manufacturing a textile 5 piezoelectric /triboelectric nanogenerator with a
two-electrode sandwich structure”. Keywords: nanostructured layer, sensor, thin film, crystal structure,
semiconductor, morphology, nanocomposite, electronics, nanotechnology, biopolymer, X-ray diffraction, electrical
parameters, substrate, texture, fluorescence spectroscopy
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¢ 1. Shepotko Y.M,, Klochko N.P., Barbash V.A., Petrushenko S.I., Kopach V.R., Dukarov S.V., Sukhov V.M.,
Yashchenko O.V., Khrypunova A.L. Flexible environmentally friendly thermoelectric material made of copper
(I) iodide and nanocellulose for green energy. Journal of nano- and electronic physics. 2023. V. 15. No. 4. P.
04003-1 - 04003-7.

e 2. Shepotko E.M., Klochko N.P., Kopach V.R., Petrushenko S.I., Dukarov S.V., Sukhov V.M., Khrypunova A.L.
Copper-enriched nanostructured conductive thermoelectric copper(l) iodide films obtained by chemical
solution deposition on flexible substrates. Ukr. J. Phys. 2024. V. 69. No. 2. P. 115-123.

¢ 3. Shepotko Y.M., Klochko N.P., Barbash V.A., Kopach V.R., Petrushenko S.I., Yashchenko O.V., Fijalkowski M.,
Adach K.I., Dukarov S.V., Sukhov V.M., Khrypunova A.L. Composite fabric with nanocellulose impregnated
cotton for eco-friendly thermoelectric textile. Cellulose. 2024. V. 31. P. 5947-5961.

¢ 4. Shepotko Y.M,, Petrushenko S.I., Fijalkowski M., Kopach V.R., Adach K., Dukarov S.V., Sukhov V.M,
Fedonenko A., Khrypunova A.L., Klochko N.P. Carbon fabric coated with nanostructured zinc oxide layers for
use in triboelectric self-powered touch sensors. Journal of Material Science: Materials in Electronics. 2024. V.
35. P. 414-1 - 414-20.

¢ 5. Shepotko Y.M.,, Petrushenko S.1., Fijalkowski M., Kopach V.R., Adach K., Dukarov S.V., Sukhov V.M,
Fedonenko A., Khrypunova, A.L., Klochko, N.P. Triboelectric nanogenerators based on nanostructured layers
of zinc oxide deposited on carbon fabric. J. Compos. Sci. 2023. V. 7. P 496-1 - 496-13.

¢ 6. Shepotko Y.M., Petrushenko S.I., Adach K., Fijalkowski M., Kopach V.R., Dukarov S.V., Sukhov R.V.,
Fedonenko A., Khrypunova A.L., Klochko N.P. Zinc oxide nanorods and nanotubes arrays grown on carbon
fabric by microwave hydrothermal method for self-powered piezoelectric/triboelectric sensors. Thin Solid
Films. 2025. V. 810. P.140601.

¢ 7. Shepotko Y.M., Petrushenko S.I., Fijalkowski M., Adach K., Fedonenko D., Dukarov S.V., Sukhov V.M.,
Khrypunova A.L., Klochko N.P. Low-temperature, highly sensitive ammonia sensors based on nanostructured
copper iodide layers. Chemosensors. 2025. V. 13. P. 29.

¢ 8. Shepotko Y., Petrushenko S., Adach K., Fijalkowski M., Dukarov S., Sukhov V., Fedonenko D., Khrypunova A.,
Klochko N. Sulfur-doped nanostructured copper iodide films for chemiresistive ammonia sensors analyzing
exhaled breath. Physica Status Solidi. A. 2025. P. 202400966.

¢ 9. Shepotko Y.M., Fedonenko D., Petrushenko S.1., Adach K., Fijalkowski M., Dukarov S.V., Sukhov R.V.,
Khrypunova A.L., Klochko N.P. Nanostructured copper iodide film in a multifunctional flexible device for
ultraviolet photodetection and ammonia monitoring. Ukr. J. Phys. 2025. V. 70. No. 6. P. 406-421.

¢ Omny6sikoBaHi npati anpo6aliliHOro XxapaKkTepy:

¢ 10. Shepotko E.M., Klochko N.P., Klepikova K.S., Kopach V.R., Kirichenko M.V., Khrypunova A.L., Barbash V.A.,
Yakymenko O.S., Yashchenko O.V., Petrushenko S.I., Dukarov S.V., Sukhov V.M. Flexible textile thermoelectric
materials with Cul nanostructured films deposited on composites of nanocellulose and polyester fabric.
Conference Proceedings. 2022 IEEE 3rd KhPI Week on Advanced Technology (KhPI Week). (October 03 - 07,
2022; Kharkiv, Ukraine.) - P. 70-75.

e 11. llennoTeko €., I[lerpymenko C., Hepracumos O. TepmMoeIeKTPUYHNN TEKCTUIIb HA OCHOBI
HaHOCTPYKTYpPOBaHUX ILJIiBOK Monuay Mini. Te3u monosineit MixkHaponHoi KOHGepeHL1ii CTyIeHTiB i MOJIOANX
HAYKOBLIiB 3 TEOPETUYHOI Ta eKcrepuMeHTanbHoi pisuku EBPVIKA-2022. JIbBiB, 18-20 xoBTHA 2022. C. AL

e 12. Illennoteko €.M., Konay B.P., Kinouko H.IL, Ilerpymenko C.I., lykapos C.B., Cyxos B.M., XpunyHosa A.JI.
BuKOpUCTaHHS CIIOHTAHHOTO I'PajiieHTa TeMIepaTyp B TEPMOEJIEKTPUYHOMY HaHOT€HepaTopi i3 TOHKMMU
niiBkamu nopuay Mini. IngopmaniiiHi TexHosoril: HayKa, TexHiKa, TeXHOJIOTI, OCBIiTa, 3I0POB’S: TE3U
nmonosinelt XXXI MixkHapoIHOI HAyKOBO-TIPaKTUYHOI KoHPepenuii MicroCAD-2023, 17-20 tpasus 2023 p. / 3a
pen. mpod. Cokoua €.1. - Xapkis: HTY «XIII». - C. 449.



13. lenoteko €.M., Knouko H.IT., Bap6am B.A., Komnay B.P., fImenko O.B., ITerpymenko C.I., lykapos C.B.,
CyxoB B.M., XpunyHosa A.Jl. Biopo3kyianHi rHy4Ki IOKPUTTSI HA OCHOBI HOOUIY Mifli i HAHOLIEJIIOJIO3U [IJIS
3aXUCTY Bifl ybpTpadioseToBOro BUNPOMIHIOBaHHS. IHpopmalliiini TeXHOIOTii: HayKa, TexHiKa, TEXHOJIOris,
OCBITa, 310pOB’s: Te3u gonosigen XXXII MiXKHapOJHOI HAYKOBO-TIPAKTUYHOI KOH(pepeHLii MicroCAD-2023, 17-
20 tpaBHs 2023 p. / 3a pen. npod. Cokona €.1. - Xapkis: HTY «XIII». - C. 448.

14. Shepotko E.M., Klochko N.P., Kopach V.R., Petrushenko S.I., Dukarov S.V., Sukhov V.M., Khrypunova A.L.
Copper-enriched nanostructured conductive thermoelectric copper (I) iodide films obtained by chemical
solution deposition on flexible substrates. 9-Ta Ykpaincbka HaykoBa KOH(epeHLLis 3 (pi3uKy HaMiBIIPOBiTHUKIB.
Marepianu koHdepenuii. (22-26 TpaBHs, 2023; Yxropon, Ykpaina) — P. 239-240.

15. Shepotko Y., Fedonenko A., Petrushenko S., Adach K., Kopach V., Klochko N. Wide band gap
nanostructured marshite and digenite films deposited by automatic SILAR method. 2024 IEEE 5rd KhPI Week
on Advanced Technology (KhPI Week). (October 07 - 10, 2024; Kharkiv, Ukraine.) P.14-18.

16. Shepotko Y., Klochko N., Petrushenko S., Adach K., Fijalkovski M., Kopach V., Dukarov S., Sukhov V.
Automatic successive ionic layer adsorption and reaction method for deposition of nanostructured zinc oxide
arrays on carbon fabric. Indopmaniiini TexHosOrii: HayKa, TEXHiKa, TEXHOJIOTIs, OCBIiTa, 3IOPOB'S: TE3U
nmonosinert XXXII mixkHapoaHOi HAayKOBO-TIPakTH4HOI KOHpepeHLii MicroCAD-2024, 22-25 tpasHs 2024 p. / 3a
pen. mpod. Cokoua €.1. - XapkiB: HTY «XIlII». - C. 480.

17. Shepotko Y., Kopach V., Petrushenko S., Adach K., Fijalkovski M., Klochko N., Sukhov V., Dukarov S. Modes
of microwave hydrothermal method for growing zinc oxide nanorods and nanotubes. Inpopmarniiisi
TEXHOJIOTII: HayKa, TeXHiKa, TeXHOJIOTis, OCBITa, 30POB’sL: Te3u nonosineit XXXII MixkHapoAHOI HAyKOBO-
npakTuyHoi KoHdepeHii MicroCAD-2024, 22-25 tpaBns 2024 p. / 3a pen. npod. Cokona €.1. - Xapkis: HTY
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