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1. Inceprauiiina po60Ta NpUCBSYEHA PO3POOLi TEXHOJIOTIYHUX PEXUMIB HAlIMJIEHHS! TOHKUX IJ1iBOK CuO,
BYIJIELIEBUX i BYIJIELI€BMICHUX MaTepiasliB 3 3ajaHUMU Ta BiITBOPIOBAHVMMMU €JIEKTPUYHUMU T ONITUYHNMU
BJIACTMBOCTSIMMU, @ TAKOK I10Ka3aHO MO>KJIMBICTD {X IPAKTUYHOT'O 3aCTOCYBAHHS y Cy4YaCHUX FE€TEPOCTPYKTYPHUX
€JIEKTPOHHUX i ONTOEJIEKTPOHHUX Npuiagax. JJuceprauis CKIaIaeThCs i3 BCTyIy, TPbOX PO31isiB, BUCHOBKIB,
nepesiKy BUKOPUCTaHUX JpKepeJl Ta JOJATKY. Y BCTYIli OOIPYHTOBAHO aKTyaslbHICTb pOOOTH; CPOPMYJILOBAHO METY,
OCHOBHIi 3a/1aui, 00'€KT Ta MIpeJMEeT JOCJiI)KeHHS; BKa3aHO HayKOBY HOBU3HY i IPaKTUYHA 1iHHICTb OTPUMaHUX
Pe3yJbTaTiB; NOJAaHO iH(pOPMaLLilo PO OCOOUCTUI BHECOK 3[100yBaya, arpooballito poboTH, ii CTpyKTypy Ta obcsr. Y
[epLUIOMY PO31iji OucepTalii IpeiCcTaBaeHo JiTepaTypHUN OIJIA, SKAN CBIAYNTD PO 3HAYHY 3aLliKaBJIEHICTh

YY€HUX 3 YChOTO CBIiTy B NOCJIiZPKEHH] TOHKUX IIJIiBOK OKCUAY Mifii Ta rpadity, a TakoX y po3pooiii



BHCOKO€(EKTUBHUX IIPUJIAZIiB ONTOEJEKTPOHHUX NIPUIAJIiB Ha iX OCHOBI. Y Ipyromy po3zisi guceprarii MeTogom
PEaKTUBHOIO MarHETPOHHOTO PO3NUJIEHHS, [IPY OCTIMHOMY CTPYMi B YHiBEPCaJbHIN BaKyyMHIN YCTaHOBLLi
Leybold-Heraeus L560 BurotosseHo TOHKi m1iBku CuO Ha CKISSHHUX MifK/IaKax, TeMIleparypa sIKux ckaagana 300
K ta 523 K. JlociizKeHO CTPYKTYPHI, €/IeKTpUYHi Ta ONTUYHI BJACTUBOCTI 1151 OTPUMAHUX 3Pa3KiB TOHKUX I1J1iBOK
CuO, a came npenCTaBIeHO PO3IIOALII Ha [IOBEPXHI €JIEMEHTIB, SIKi BXOISTD [0 CKJIAAY LUX IUIIBOK, BU3HAYEHO
€JIEeMEHTHUI CKJIaJ], pO3Mip 3€peH, eHeprilo aKTyBallii, ONTUYHY IHUPUHY 3a00POHEHOI 30HH, IOKA3HUK 3aJI0MJIEHHSI.
[IpoBeneHo aHasi3 KpUBUX CIIEKTPIB MPOIYCKaHHS i Bin6uBaHHA 17151 I1iBoK CuO, HaHeCEHUX Ha CKJISIHI MiJKIagKH.
EneMeHTHUI CKJIaJ, TOHKHUX IIJIIBOK Ta MOP(OJIOTiIO IOBEPXHI OTPUMAHO 32 JOIIOMOTIOI0 CKaHYH4OrO €JIEKTPOHHOTO
mikpockora (MIRA3 FEG, Tescan), ocHaIleHoro JeTeKTOpOM BiiouTux enekTpoHis (BSE) i eHepropucnepcHuM
peHTreHiBcbKUM neTekTopoM (EDX). BctaHOB/IEHO, 110 pO3Mip 3€peH 1115 IIJIiBOK, OTPUMAaHUX IIPU HKYii
TeMIlepaTypi nigkaaaky D, cTaHOBUTL 16 HM, a J1s IUIBOK, OTPMMAaHUX IIpY BULLN TeMIiepatypi, — D piBHUI1 26 HM.
Ha nudpaxrorpamax ToHKuX m1iBoK CuO crioctepiraeTbcs 6iblia iHTEHCUBHICTD MiKiB 4J151 TOHKUX I1JTiBOK,
OTPUMAaHUX IIPU BUIMX TeMIlepaTypax nigkiaaakyu CuO Ne2, mo Moxxe 6yTH 3yMOBJIEHO KPaIl0l0 CTPYKTYPHOIO
IOCKOHAJIICTIO TOHKHUX IJIiBOK Ta OiZIbIIMM PO3MipOM 3€peH. YHACiOK JOCIiIP)KEHHS €JIEKTPUYHUX BJIACTUBOCTEN
3'COBAHO, 110 TEMIIEPATYPHI 3a7IEXKHOCT] €JIEKTPUYHOTO OIOPY A1Jis1 TOHKUX I1iBOK CuO MaloTh
HaIMiBIIPOBIIHUKOBUI XapaKTep, TOOTO OIip 3MEHIIYEThCSI IIPU 30i/bLIEeHH] TeMepaTypy. YOTUPU3OHI0BUM
METOJIOM BUMIPSIHO BEJIMYMHY [10BEPXHEBOTO OIOPY IIiBOK: 3pa3oK N¢1 - o = 18,69 kKOM /*, 3pa3ok N2 2 - o = 5,96
KOM /. Ha OCHOBI He3a/Ie>XKHUX BUMipIOBaHb KoedillieHTiB BiOMBaHHS i IPOIyCKaHHS BUBHAYEHO ONTUYHY IIMPUHY
3a6oponeHoi 300U (Egop) 17151 1BOX 3pas3KiB eKCTparnosisiieto npsiModiiHiiiHoi ginsguku kpusoi (oho)2 = f (hv) Ha Bics hv.
s 3pazka CuO N21 Egop = 1,62 eB; nys 3paska CuO N22 Egop = 1,65 eB. [17151 ToHKUX 1m1iBok CuO N22 Takox
BHMKOPHCTAHO KOHBEPTHUI METOJ, 11711 00YMCJIEHHS OCHOBHUX ONTUYHUX KoedilieHTiB Egop = 1,72 eB. OTpumaHi
3HaueHHs1 Egop , BU3Ha4yeHi JBoMa MeToiaMu, 106pe KOPEJoI0Th MixK C06010. MeTooM cIipei-miposisy npu
temnepatypi TS= 3500C 0.2 M BogHoro po3unny coni CuCl2-2H20 otprumano ToHKi 11iBku CuO p-TUILy TOBIIUHOIO
d = 0,3 mxm. [IpoaHasnizoBaHO eJIeKTPUYHI Ta ONITUYHI BJIACTUBOCTI IIJIiBOK. Bu3HaueHO eHepriio akTuBallii, sika
nopiBHioe Ea = 0.27 eB, Ta TaHreHc KyTa Haxuiy tgo = 3.12. 3i cnexkTpasnpHoi 3anexxHocTi (oho)2 = f(ho) Tonkux miBok
CuO BU3HAYEHO MPUHY 3a00POHEHOI 30HM, siKa 10PiBHIOE Eg = 1.54 eB. [TokazaHO MOXJINBICTb BUKOPUCTAHHS
TOHKUX IJIiBOK okcuay Mifi (CuO) sIKk akTUBHOTO LIapy B TOHKOILJIIBKOBUX COHSIYHUX €JIEMEHTaX 3i CTPYKTYPOIO
cxio/ITO /rpagir/CuO/Ni. 3a gonomoroio TpaHcpepMeTpiKC-CUMYJIALi OTPUMaHO MBUAKICTb FreHepallii HOCIiB
3apsay LUISIXOM MOJEJIIOBAHHS PO3MNOIiTy ONTAYHOrO M0J1s1. TeopeTuyHi NOpOrosi 3Ha4€HHs €(PEKTUBHOCTI
($OoTOENEKTPUYHNX [IPUCTPOIB BU3HAYEHO [IJI51 PI3HUX TOBLIMH aKTUBHOTO LIaPy 3 BUKOPUCTAHHSM HOPMAaJli30BaHOI
iHTEHCUBHOCTI CBITJIa, €KBiBaJIEHTHOI clieKTpy AM1.5. BosipT-amMniepHi xapakTepUCTUKY, 3MOJI€JIbOBaHI
HaMiBeMIIIpUYHUMHU METOJAMH, 3aCBiUyIOTh, 10 €(EKTUBHICTb (POTOEIEKTPUYHOTO IEPETBOPEHHS 3aJIEKUTB Bifl
TOBIIMHY aKTUBHOT'O apy, 3 eheKTUBHICTIO 25,2% a4 m1iBok CuO ToBmuHOo©0 500 HM. Y TpeThOMY po3aisi
JUCepTallii IPeJCTaBJIEHO PE3yJIbTaT! JOCIIIPKEHHS CTPYKTYPHUX, ONTUYHUX Ta €JIEKTPUYHUX BIIACTUBOCTEN
TOHKUX IJIIBOK rpadiTy B 3aJ1€XKHOCTI Bif TBepHocCTi ctepxHiB (2H, H, HB, B ta 2B), oTpuMaHnx METOLOM “OJliBeLib-
Ha-HamiBIpoBigHUKY". Taki JOCiIKEHHs MalOTh BeJIMKe 3HAYEeHHSI [71s1 TOAAJbIIO] PO3POOKU BUCOKOE(DEKTUBHUX
NIpUJIaJiB HA OCHOBI T€TEPONEPEXOLIB ISl €JIEKTPOHIKH Ta ONTOEJEKTPOHIKU. 3a JOTIOMOTOI0 CKaHYIOYOTO

€JIEKTPOHHOI0 MiKpOCKOIIa 0Jep>KaHO TUIIOBi 306pa’keHHSs! IIOBEPXHI, YTBOPEHI BilOUTUMU €JIeKTPOHAMU.

2. The dissertation is dedicated to the development of technological regimes for the deposition of thin films of
CuO, as well as carbon and carbon-containing materials with specified and reproducible electrical and optical
properties. It also demonstrates the practical application of these materials in modern heterostructural electronic
and optoelectronic devices. The introduction justifies the choice of the topic and the relevance of the work,
formulates the aim, main tasks, object and subject of research, highlights the scientific novelty and practical value
of the obtained results, provides information about the author's contribution, the work's approval, its structure,
and scope. The first chapter of the dissertation presents a literature review, indicating significant global interest in
the research of copper oxide thin films and graphite, as well as the development of high-efficiency optoelectronic
devices based on them. In the second chapter of the dissertation CuO thin films were produced by the method of
reactive magnetron sputtering at direct current in a universal vacuum system Leybold-Heraeus L560 on glass



substrates, the temperature of which was: 300 K and 523 K. The structural, electrical and optical properties for the
obtained samples of CuO thin films were studied, namely: elemental composition, distribution of elements on the
surface, which are part of these films, grain size, activation energy, optical band gap, refractive index, analysis of
curves of transmission and reflection spectra for CuO thin films deposited on glass substrates. The elemental
composition of the thin films and the surface morphology were performed using a scanning electron microscope
(MIRA3 FEG, Tescan) equipped with a reflected electron detector (BSE) and an energy-dispersed X-ray detector
(EDX). It was found that the grain size for films obtained at a lower substrate temperature D is 16 nm, and for films
obtained at a higher temperature - D 26 nm. On the diffractograms of CuO thin films, a higher peak intensity is
observed for thin films obtained at higher CuO no. 2 substrate temperatures, which may be due to better
structural perfection of thin films and larger grain size.From the study of electrical properties, it was found that
the temperature dependences of the electrical resistance for CuO thin films have a semiconductor character, ie
the resistance decreases with increasing T. The surface resistance of the films was measured by the four-probe
method: no. 1-o=18,69 kQ /e, sample no. 2 - o = 5,96 kQ /+.Based on independent measurements of the reflection
and transmission coefficients, the optical band gap was determined for the two samples by extrapolation of the
rectilinear section of the curve (oho)2 = f (hv) to the hv axis. For the sample CuO N21 Egop = 1.62 eV; for the sample
CuO no. 2 Egop = 1.65 eV. For CuO no. 2 thin films, the envelope method was also used to determine the basic
optical coefficients Egop = 1.72 eV, and the obtained Egop values determined by the two methods correlate well
with each other. Thin films (300 nm thick) of CuO of p-type conductivity were precipitated using spray pyrolysis
method from 0.2 M of aqueous CuCl2 - 2H20 salt solution on preheated (up to 350 °C) glass and sitall substrates.
The structure and electrical and optical properties of the films are analyzed. The grain size of CuO thin films (24
nm) was calculated using the XRD analysis. The activation energy equals to Ea = 0.27 eV, which may indicate that
the conduction is due to the transition of charge carriers from the valence band to working acceptor level. From
the spectral dependence (ohn)2 = f(ho) of CuO thin films, the band gap width Eg = 1.46 eV was determined.
Investigated the potential of copper oxide (CuO) thin films as active layers in thin-film solar cells with a
Glass/ITO/Graphite /CuO/Ni structure. Furthermore, the generation rate of charge carriers was derived by
modelling the optical field distribution using a transfer metric simulation. Theoretical thresholds for photovoltaic
device efficiency were determined for varying active layer thicknesses by employing a normalized light intensity
equivalent to that of the AM1.5 spectrum. The current-voltage characteristics are modeled by semi-empirical
methods, which illustrate that the photovoltaic conversion efficiency depends on the thickness of the active layer.
The highest performance of the simulated structure of the solar cell was 25.2%, which was obtained for the 500
nm CuO films. In the third chapter of the dissertation, the research results results of studying the structural,
optical and electrical properties of thin films of graphite depending on the hardness of the rods (2H, H, HB, B and
2B) obtained by the "Pencil-on-semiconductor” method. Such studies are of great importance for the further
development of highly efficient devices based on heterojunctions for electronics and optoelectronics. Typical
images of the surface formed by reflected electrons.
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