O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0223U004433

Jep>kaBHUH peecTpauiliHUI HOMeP: 0120U105573

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpaunii: 01-11-2023

II. Etran BukoHnauus JiP
Homep erany: 4

Ha3sBa eramny: JlocnimxeHHs ONTHYHMX Ta POTOETEKTPUIHIK BIACTUBOCTE! MJTiIBKOBUX HAHOMATepiasiB
Cu2ZnSn(SxSel-x)4 Ta SnS.

IToyaToK eramy: 05.2023
3akiHyeHHs eTamy: 08.2023

Buz 3BiTHOrO JOKYMEHTA: Bes 3BiTy

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHSI IOPUAUYHOI 0coou (a00 ITIB ¢izuyHOi 0c00H): IncTUTyT disuku

HaujonasnbHoi akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 05417302

Micue3HaxoaKeHHS: npocnekTt Hayku, 6yn. 46, m. Kuis, 03680, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

TenedoH: 380445251220, 380445251589

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHyBaHHS IOPHIHYHOI 0coou (a6o ITIB ¢izuuyHO0i 0c00H): CymchKuii nepkaBHMIA

yHiBEpCUTET
Kog, 3a €EIIPTIOY: 05408289

Micue3HaxoO KeHHS: By Pumcbkoro-Kopcakosa, 6y, 2, v. Cymu, CymcbKuii p-H., CymcbKa 061., 40007,
Ykpaina

dopma BiracHocTi:

Cdepa ynpaBitiHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Poamip opranisaiii:

Tenedon: 380542334058

VI. II>)kepeJsia, HanpsiMu Ta o6csaru piHaHcyBauHs [IiP

IlincraBa pjist npoBemeHHs JiP: 52 - norosip 3 BiTunsHAHOW OpraHisauieo (OpraHamu MiCLieBoi paju,

dboHmoM, acorjaniero, KOHIIEPHOM TOIIO)

HallpHM Q)iHchyBaHHH: 2.1 - pyHmaMeHTabHi JOCIiIPKEHHS
,beepe.na (l)iHaHCYBaHHﬂ

7722 - KOWITH MiZIIPUEMCTB, YCTaHOB, OpraHi3anii YKpaiHu

dakTHyHui 06csar ¢piHaHCyBaHHS (THC. IpH.): 508.967




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

[lepcnexkTrBHI HaMiBIPOBIIHUKOBI HAHOMATepiasy /11 MOTPEO THYYKOI €J1IeKTPOHIKU: CUHTE3, PO3POOKa METO/iB

IPYKy Ta ONTHMi3alis iX CTPYKTypHUX, ONTUYHUX i (POTOEIEKTPUYHUX BJIACTUBOCTEN

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Promising semiconductor nanomaterials for flexible electronics: synthesis, development of printing methods and
optimization of structural, optical and photoelectric properties.

Pedepar yKpaiHCBKOIO:

BusHaueHo 3HaueHHs MPUHYU 3a60poHeHOi 30HU (Eg) miis nniBok Cu2MgxZnl-xSnS4. [TokasaHo, 1o BeanurHa Eg
3MiHIOeTbCA Bif, 1.47 €B pi1s mniBok miist X=0 po 1.13 eB i3 X=1. BcTaHOBJIEHO, 1110 HaMKpally ONTUYHY SKiCTh MalOTh
ILJIIBKY 17181 TBEPIOro po3unHy npu X < 0.20, oy sskux 3HaveHHs Eg=1.28 eB. [TokasaHo, 10 AOCIIIKyBaHi I1J1iBKA
MOXYTb OYTH BUKOPUCTAaHi K e(PeKTUBHUII MOTJIMHAIOYUH 1ap JJIs1 COHSIYHUX KOMIPOK TpeThoi reHeparii.
BcraHoBieHO, 10 3HaYeHHs Eg y BUMaAKy HENPSIMUX JJO3BOJIEHUX [TepexoiB AJ1s criosyku SnS ckianae 1.15 eB. B
TOW K€ 4aC HaWMIeHO, 10 eHepris Eg nis npsaMux go3BOJIEHUX IepexoxiB s SnS Bignosigae 1.72 eB. [TokasaHo, 1m0
BesinunHa Eg nyist kpuctanivHoi ¢pasu Sn2S3 cknanae 1.08 eB i Binnosigae 3a60pOHEHNM MIPSIMUM IIEPEXOTAM.
BusnaueHo eHeprito Eg 1151 HerpsamMux 3a00pOHEHUX 30Ha-30HHUX [IePexOIiB 11 KprucTaniyHoi ¢pasu SnS2, sika
ckiagae 6su3bko 2.20 eB. BusiBieHo psip, cMyT GOTONPOBITHOCTI, SIKi BiloOpaXkaloTb €J1EKTPOHHI 30Ha-30HHI

nepexonu B croyykax SnS ta Sn2S3 npu eHeprisx 1.15 eB Ta 1.08 eB, BigmnoBigHoO.

Pedepar aHIJIiHCBKOIO:

The manifestation of the quantum-dimensional effect in the optical and photoelectric spectra of ZnO and CuO
nanocrystallites formed semiconductor nanoparticles has been identified and studied. Observation of the
structure in low-temperature photoluminescence spectra due to exciton radiation indicates their very high optical
and crystalline quality. The peculiarities of the formation of the band energy structure for CuO nanoparticles have
been experimentally investigated and the energy scheme of optical transitions reflecting electronic processes in
such materials has been proposed. It is shown that high-temperature annealing of ZnO, CuO and NiO films leads to
the improvement of the crystal structure of nanoparticles by the formation of larger nanocrystallites. The optimal
conditions for high-temperature annealing of films, which are characterized by good stoichiometry and low
content of point defects, have been determined. The value of the band gap (Eg) for CuzZMgxZnl-x SnS4 films was
determined. The value of Eg varies from 1.47 eV for films with X=0 to 1.13 eV with X=1. It was established that the
best optical quality is provided by films for solid solution at X < 0.20, for which the value of Eg=1.28 eV. It is shown
that the studied films can be used as an effective absorbing layer for solar cells of the third generation. It was
established that the value of Eg in the case of indirect allowed transitions for the SnS compound is 1.15 eV. At the
same time, it was found that the energy Eg for direct allowed transitions for SnS corresponds to 1.72 eV. It is shown
that the value of Eg for the Sn2S3 crystalline phase is 1.08 eV and corresponds to forbidden direct transitions. The
energy Eg for indirect forbidden band-band transitions for the SnS2 crystalline phase was determined, which is
about 2.20 eV. A number of photoconductivity bands reflecting electronic band-to-band transitions in SnS and
Sn2S3 compounds at energies of 1.15 eV and 1.08 eV, respectively, were detect

Inpexkc YIK: 621.315.592, 538.9

Koau TeMaTHYHHX PyOPHK: 47.09.29, 29.19.03

KepiBHHKH po6oOTH

Biacue IlpizBuuie Im's I10-0aThKOBI: T'narenko Opiit [TaBnoBuy

HayKkoBH# CTYIiHb: 1. b.-M. H.



BueHe 3BaHHS:npodecop
InenTudikarop ORCID ID:

JoparkoBa iHdpopmamnist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazga HTII ykpaiHCBKOIO: OntuyHi Ta GOTOEIEKTPUYHI BIACTUBOCTI IUTIBKOBUX HAHOMATEPiaJIiB
Cu2ZnSn(SxSel-x)4 Ta SnS.

Hassa HTII aHr1ilicbKOI0: The optical and photoelectric properties of Cu2ZnSn(SxSel-x)4 ta SnS

nanomaterials.

HTII, sixy nepen6a4asiocsi CTBOPUTH:
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMmaHi pe3yJIbTaTH: MeTosu, Teopii

l'asy3s 3acTocyBaHHS: 72.19

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Onuc HTII: [IpoBeneHO NOCIIIKEHHS CIIEKTPIB IIOTJIMHAHHS TA alIPOKCUMALIII0 KPAIO ITOIJIMHAHHS [IIiIBKOBUX
HaHOCTPYKTYPOBaHUX TBEPAUX PO34nHiB CuZMgxZnl-xSnS4 3 BUKOPUCTAHHAM ClHiBBigHOWEHHA Tayua. BusHaueHo
3HAYEHHS IIMPUHU 3260pOHEHOI 30HU /JIs1 TOCTiIKyBaHUX MaTepiaiB. [TokazaHo, mo BesandnHa Eg 3MiHIOETBCS Bif,
1.47 B png yucroro CZTS no 1.13 eB nng mniBok i3 X=1.00. BcTaHOBIIEHO, 1[0 HAWKPAIly ONTUYHY SIKiCTb MAlOTh
IJ1iBKY 1714 TBephoro po3uuHy npu X < 0.20, g sxux 3HayeHHs Eg=1.28 eB. Lle no6pe kopestoe i3
MIKPOCTPYKTYPHMMMU OOCJIIKEHHAMU IIBOK CuZMgxZnl-xSnS4, OCKiJIbKU caMe [Ji TAKMX KOHLIEHTpauin Mg
CITOCTEPIiTraeThCs 36ibIIeHHsT 06J1aCTell KOTePEHTHOTO PO3CiloBaHHS Bif 5.3 HM 10 10.4 HM Ta 3MEeHIIEHHS PiBHS
Mikpogedopmariiit. [Tpu 6inbuinx 3HayeHHIX X MUPUHA 3a00POHEHO] 30HU 3MEHIUIYETHCSI HEPIBHOMIPHO i3 CK1azioM,
npuiimaroyu MidiManbHe 3HadeHHd 1.00 eB. Taka 3anexHicTs BemmunHu Eg moke 6yTu 3yMOBJI€HA TIOSBOIO XBOCTIB
TYCTMHU CTaHIB /1JI1 €EHePreTUYHUX 30H TaKUX MaTepiailiB sIK pe3yJbTaT HasIBHOCTI BTOPUHHOI ¢a3u ZnS. OKpiMm
TOTO, 3MeHIIeHHs! Eg Tako>X Mo>ke OyTU I10B’13aHO i3 361/1bIIeHHSIM XiMIYHOTO 3B'S13Ky Sn-S IpU BBeeHHI
IOMIIIKOBUX aToMiB Mg. OTxe, miiBku CuZzMgxZnl-xSnS4 3i cknagom 0.1 < x < 0.2 Bif3Ha4al0ThC HAUKPALL OO
ONTUYHOIO Ta KPUCTAJIIYHOIO SIKiCTIO Ta MOXKYTb OYTH BUKOPHUCTAHI SIK €(DEKTUBHUI MMOTJIMHAIOYMI 1Iap 1151

COHSTYHUX KOMIPOK TpPeThOi reHepatiii.

ConiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Cteopenns npuHuunoBo HOBOI npoayKuii (Matepiasis,

TEXHOJIOTI} TOILO) /151 3a6€311eYEHHs €KCIIOPTHOrO NOTEHIialy Ta 3aMillleHHIO iMIIOPTY
BnyiuB HTII Ha moBKiJjjisa:
BnposapaskeHHst HTII: He snpoBamkeHo
ITpakTuyHa peasnizanis HTTI
ITouaToK eramy:
3aKiHYeHHs eTamy:
Crio>KuBavi NPOAYKILii:
IlepcnekTHBHI pUHKHU:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaJaIOTHCS iHBECTOPY IIiCJIs 3aBepIIeHHs POOOTH:
HasaBHicTb Oi3Hec-1JIaHY:

TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:



IloTeH1iaIbHUI 0OCAT IIPOJASKY, THC. TPH..

OuiKkyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JoaaTtkoBa iHpopmamnist:

IX. Bi6siorpadiuHuii onuc

X. 3aKJII0YHI B1IOMOCTI

KepiBHHK I0pHAHYHOI 0COOH

IlepeJtik 0CiO-BUKOHaBILiB
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