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1. Incepranifina po60Ta IPUCBIYE€HA PO3BUTKY MAaTEPialo3HABUMX ACIIEKTIB KOHTPOJIIO 32 CTPYKTYPHO-3aJIEXKHUMU
XapaKTepUCTUKaMu HaHo4acTUHOK (HY) i nniBok (pyHKIiOHANBHUX MaTepiasiB, 30KpeMa OKCUIHUX i KECTEPUTHHUX
cnonyk — Zn0O:In, Zn2Sn0O4, CuZzZMgxZnl1-xSnS4, oTpuMaHuX METOAAMU PO3NUJIEHHS HAHOYOPHUII Ta IIYJILCYIOYOTO
cripeii-niposidy. Oco6uBa yBara npuginsiacs moaudikallii BIaCTUBOCTEN MaTepiasliB MIJISIXOM JIeTyBaHHS,
KOHTPOJIIO CKJIaZly,  TAKOXX TePMi4HOI 06POOKU. ¥ XOA1 AOCTiIKEHHS TaKOX OyJIM CTBOPEHI IPOTOTUIIN IPUIAIOBUAX
CTPYKTYp Ha ocHOBi retepocTpykrypu ITO/Zn0O:In/ZnO /NiO Taxki CTpyKTypH €MOHCTPYIOTb IIOTEHLial AJ1s
BUKODPUCTAHHS B rajly3six COHSIYHOI €HepreTUKU, POTOUYTIMBUX NPUCTPOIB (GOTOLETEKTOPIB) i ra3049yTAMBUX
CEHCOPpiB. Pe3ysbTaTl IUCEPTALIHOTO SOCIIKEHHS CIIPUAIOTh YIOCKOHAIEHHIO TEXHOJIOTIN OCaIKEHHS IIJIiBOK
OKCHUJIHUX i KiCTEpUTHUX CIOJIYK, MOTIUOIIIOI0Th PO3YMiHHSI CTPYKTYPHO-(PYHKI[IOHAJIbHUX 3aJIEXKHOCTEN Y

HaHOMarepiasax, a TakO>X PO3IIKPIOIOTh CIIEKTP MO>KJIMBOTO BUKOPUCTAHHS TaKUX MaTepiajliB y Cy4aCHUX



€JIEKTPOHHUX NPUIafax Ta NpUCTposx. [losnionpbHO-KoM0igHUM MeTogoM oTpumaHo HY ZnO, nerosasi In (0-10
aT.%). BuBueHo BIJIMB JIeTyYBaHHS Ha iX XiMiYHUI cKiag, MOP(OJIOTiuHI, CTPYKTYPHI i CyOCTPYKTYpHI
XapaKTepPUCTUKU. BCcTaHOBIJIEHO, 110 10 KOHLeHTpauii In 2 aT.% yacTUHKYU MaloTh 04HO(MA3HY CTPYKTYPY Ta MICTATb
TiZIBKU OKCUJ, LMHKY 3 BIOPLIUTHOIO CTPYKTYPOIO. 306ibII€HHS KOHLIEHTPallii JoMilKK B Tpekypcopi Bix 0 mo 10 aT.%
BeJio 1o 3MiHu BMicTy In B HY Bin O 1o 6,42 aT.% Ta 3pocTtaHHs ix po3mipy Bif 15 1o 24 HM. BcTaHOBJIE€HO BILIIUB
JIeTyBaHHSI iHJjieM Ha CTPYKTYPHI, CYOCTPYKTYPHI, OIITUYH] i e/IeKTpHUYHi XapaKTepUCTUKY IJTiBOK ZnO, HaHECEHUX
METOAOM CIIpeN-MipoJiidy. 3pa3kyu OTpYMMaHi 3 BUKOPUCTAHHSIM MOJIEKYJIIPHUX PO34YMHIB 3 BMiCTOM [HIiIO 11O
BimHomeHH!O 110 Linnky 1, 3, 5, 7, 10 at. %. CTpyKTypHUIl aHAMI3 MiATBEPAUB, IO MJIiBKU MAIOTh F€KCArOHaJIbHY
CTPYKTYpPY 3 TEKCTypoto pocTy [110], sSIKiCTh sIKOI MOripiyeTscs py 36i1bLIeHH] piBHS JIeryBaHHS MaTepiay.
JocminkeHHs cBifyaTh Ipo e(eKTBHE BOYIOBYBaHHS aTOMIB iHi10 B KPUCTAJIiUHy I'paTKy okcuny. [Tpu nbomy
BBEJIEHHS Liiel JOMILIKY NIPUBOAUTD A0 3pOCTAHHS MIMPUHU 3a00POHEHOI 30HU CIIONYKU. HaliKkpalli esleKTpUyHi
XapakTepucTUKM 1iiBok IZO (n = 3,401018 cm-3, o = 0,007 OmocmM2, o = 253 cm / Boc) ogepskaHi y BUNaiKy BUKOPUCTaHHS
IIPEKypCOpY 3 KOHLIEHTpallielo AoMilKu 3 aT. %, 1110, 04eBUIAHO, OOYMOBJIEHO iX KPallOl CTPYKTYPHOIO SKICTIO.
[IpoBeneHO OOCTIIKEHHS CTPYKTYPHUX, CYOCTPYKTYPHUX i ONTHYHMX xapakTepucTtuk HY ta niiBok Zn2SnO4. HY
CHHTE30BaHi riIpoTEPMaJIbHMM METOLOM MPOTAroM Yacy (16-32) roguH 3 iHTepBanom 4 roguHu. Ha 0CcHOBI
YACTUHOK 3 ONTUMAJIbHUMMU [TapaMeTpami (28 rof.) CTBOPEHi YOPHUIIA, PO3NNJIEHHSM SIKUX OJleprKaHi ITiBKU
okcupy. ITicsist HaHeceHHs, 3 METOIO ONTUMI3aLlil CTPYKTYPHUX XapaKTE€PUCTHUK, 3pa3ky BiJ[lanoBanucs B aTmocdepi
aprosy npu temmneparypax (523-773) K npotsirom 30 xBunuH. Po3amipu o6s1acTeil KOrepeHTHOTO PO3CiloBaHHS
IIJ1iBOK 3pOCTalOTh IIPU 306iJIbIIeHHI TeMIlepaTypu Biamaimy Bif, (3,85-5,56) am (523 K) o (6,44-7,99) um (773 K).
Pe3ysnbTat peHTreHiBCbKUX AOCIIIIKEHD MiATBEPIKEHI JaHNMU PaMaHiBCBKOTO pO3CilOBaHHS CBITJIa, [Ie Ha
CIIEKTpax crocrepiraioTbcst monu F2g(2), F2g(3) Ta Alg, mo BiAnosigaoTh CTPYKTYpi iHBepcHOI mmninesni Zn2SnO4.
BusnaveHHs, 110 MiIBUILIEHHS TEMIIEPATyPH Bifnany Bene o0 3Mminu Eg nuisok Bin 4,04 o 3,63 €B. Bnepue
METOJOM IIyJIbCYIOUOTO CIIPEN-MipOoJIi3y OTPUMAHO ILIiBKU TBEPIUX po3unHiB CuZMgxZnl-xSnS4. BctaHOBNIEHO
BILJIMB CHiBBifHOMmEHHs Mg/Zn y nnpekypcopi (0 < y < 0,5) Ha CTPYKTYpHIi, CyO6CTPYKTYPHIi, ONTUYHI XapaKTepUCTUKU
Ta XiMiuHUMI1 cKIa] TOHKUX IIiBoK CunMgoZnoooSnSo. JJaHi peHTTeHOCTPYKTYPHOTO aHali3y CBij4aTh PO (POPMYyBaHHS
011HO(A3HUX IIJIIBOK 3i CTPYKTYpOIO KecTepiTy. OnHOo(pa3Ha CTPYKTypa TaKOXK MifTBEPIKYETbCS pe3yJibTaTaMu
IOCIiIpKeHHSI PaMaHIBCbKUX CIIEKTPIB 11714 3pa3KiB, OTpUMaHux 1pu y < 0,3. Takum 4MHOM, 3aMillleHHS [IUHKY
MarHiem mnokpalye sIKiCTb TBEPLOTO PO3YMHY IIPU KOHLIEHTPaLiIX y < 0,3. BcTaHOBJIEHO, 1110 IKMPHHA 3a60pOHEHO]
30HU HEJIETOBAHOI CIIOJIYKU CTAaHOBUTS 1,47 €B, a 117151 J1eroBaHux 3pasKiB 3MeHIIyeThes Bin 1,28 B (y = 0,1) no 1,22 eB
(y = 0,5). OTxe, TBepauii po3unH Cu2MgxZnl-xSnS4 € nepcrekKTUBHUM i OCTYITHUM MaTepiajioM [1Jis1 CTBOPEHHS
IIOTJIMHAJIbHYX IIAPiB COHSYHUX €JIEMEHTIB TPETHOTO [IOKOJIiHHS. BCTAaHOBIEHO 3aJ1€KHICTh CTPYKTYPHUX,
CyOCTPYKTYPHUX, ONITUYHUX i €JIEKTPUYHUX XapaKTepucTuku rerepoctpykrypu ITO/ZnO:In/ZnO /NiO Bif,
TEepPMiUYHOMY Bifilasly y BakyyMmi B gianaszoni temmnepatyp (573-773) K. l'erepocTpykTypu 6ysa NOBHICTIO BUTOTOBJIEH]
MEeTOJOM clipeii-niposizy. BcTaHOB/IEHO, 110 ONTUMAJIbHOIO TEMIIEPATYPOIO Bifjay, o 3abe3neyye HalKpauii

eJIeKTpo(i3nyHi Ta ONTUYHI XapaKTepPUCTUKU reTepocTpykTypu n-Zn0O /p-NiO e 723 K.

2. The dissertation is dedicated to the development of materials science aspects related to the control of
structure-dependent characteristics of nanoparticles and thin films of functional materials, specifically oxide and
kesterite compounds — ZnO:In, Zn2Sn0O4, Cu2MgxZnl1-xSnS4 — synthesized via nanoparticle ink spraying and
pulsed spray pyrolysis methods. Particular attention was paid to the modification of material properties through
doping, compositional control, and thermal treatment. During the study, prototype device structures based on the
ITO/ZnO:In/ZnO /NiO heterostructure were also developed. Such structures demonstrate potential for
applications in solar energy, photosensitive devices (photodetectors), and gas-sensitive sensors. The results of this
dissertation contribute to the improvement of deposition technologies for oxide and kesterite compound films,
deepen the understanding of structure-function relationships in nanomaterials, and expand the range of possible
applications of these materials in modern electronic devices and components. ZnO NPs doped with In (0-10 at.%)
were synthesized using the polyol-colloidal method. The effect of doping on their chemical composition,
morphology, structural, and substructural characteristics was studied. It was established that at In concentrations
up to 2 at.%, the particles exhibit a single-phase structure containing only zinc oxide with a wurtzite structure. An



increase in dopant concentration in the precursor from 0 to 10 at.% led to a corresponding rise in In content in
NPs from 0 to 6.42 at.% and an increase in nanoparticle size from 15 to 24 nm. The effect of indium doping on the
structural, substructural, optical, and electrical characteristics of ZnO films deposited by the spray pyrolysis
method was investigated. The samples were synthesized using molecular solutions with an indium-to-zinc atomic
ratio of 1, 3, 5, 7, and 10 at.%. Structural analysis confirmed that the films exhibit a hexagonal structure with a [110]
growth texture, whose quality deteriorates with increasing doping levels. The study indicates the effective
incorporation of indium atoms into the crystalline lattice of zinc oxide. This doping process leads to an increase in
the band gap of the compound. The best electrical characteristics of IZO films (n = 3.4 x 1018 cm-3, o = 0.007 Q-cm2,
u =253 cm2/V-s) were achieved when using a precursor with a dopant concentration of 3 at.%, which is likely due
to the superior structural quality of these films. A study was conducted on the structural, substructural, and
optical characteristics of Zn2SnO4 NPs and thin films. The NPs were synthesized using the hydrothermal method
for durations ranging from 16 to 32 hours, with 4-hour intervals. Based on particles with optimal parameters (28
hours), nanoparticle inks were formulated and subsequently sprayed to obtain oxide films. To optimize the
structural characteristics, the deposited films were annealed in an argon atmosphere at temperatures of 523-773 K
for 30 minutes. The size of the coherent scattering regions in the films increased with higher annealing
temperatures, from (3.85-5.56) nm at 523 K to (6.44-7.99) nm at 773 K. X-ray diffraction results were corroborated
by Raman spectroscopy data, where the observed modes F2g(2), F2g(3) and Alg corresponded to the inverse spinel
structure of Zn2Sn0O4. It was determined that increasing the annealing temperature led to a change in the optical
bandgap of the films from 4.04 to 3.63 eV. For the first time, thin films of CuzZMgxZn1-xSnS4 solid solutions were
obtained using the pulsed spray pyrolysis method. The effect of the Mg/Zn ratio in the precursor (0 <y < 0.5) on
the structural, substructural, optical characteristics, and chemical composition of CuzZMgxZn1-xSnS4 thin films
was investigated. X-ray diffraction analysis confirmed the formation of single-phase films with a kesterite
structure. The single-phase nature was also supported by Raman spectroscopy results for samples obtained at y <
0.3. Thus, substituting zinc with magnesium improved the quality of the solid solution at concentrations y < 0.3. It
was established that the band gap of the undoped compound was 1.47 eV, while for doped samples, it decreased
from 1.28 eV (y = 0.1) to 1.22 eV (y = 0.5). Therefore, the CuzZMgxZn1-xSnS4 solid solution is a promising and cost-
effective material for the development of absorber layers in third-generation solar cells. The dependence of the
structural, substructural, optical, and electrical characteristics of the ITO/ZnO:In/Zn0O /NiO heterostructure on
vacuum annealing in the temperature range of 573-773 K was established. The heterostructures were entirely
fabricated using the spray pyrolysis method. It was determined that the optimal annealing temperature, ensuring
the best electro-physical and optical characteristics of the n-ZnO /p-NiO heterostructure, is 723 K.
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