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I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0220U100493

Jep>kaBHUH peecTpauiliHUI HOMeP: 0119U103986

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpamnii: 20-01-2020

II. Etran BukoHnauus JiP
Homep eramny: 1

Ha3sBa eramny: JlocnifkeHHs nporecis n1aBneHHs Ta Kpucramisauii cronyku CsPbBr3. BupolyBaHHsS KpucTtastis

CsPbBr3 Ta mociizskeHHS iX BJIaCTUBOCTEM.
IToyaToK eTamy: 07.2019
3akiHyeHHs eTamy: 12.2019

Buz 3BiTHOrO AOKYMEHTA: OCTaTO4HMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHSI IOPUAUYHOI 0coou (200 ITIB ¢izuyHOi 0c00H): YepHiBenbkuii HaliOHATBHMI

yHiBepcuTeT iMeHi lOpis PenpkoBuya

Kopg 3a €IPIIOY: 02071240

Micue3HaxoaKeHHS: ByJ1. Komo6uHcebKkoro, 2, M. YepHiBii, YepHiBenpka 06:1., 58012, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

Tenedon: 380372552914, 380372584810

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHyBaHHs IOPHAHYHOI 0coou (a0 ITIB PizuuHO0i 0c06H): UepHiBenpKuil HALiOHANBHMI

yHiBepcuTeT iMeHi IOpis GenproBuya

Kog, 3a €EIPIIOY: 02071240

Micue3HaxoaKeHHS: ByJ1. Komto6uHcebKoro, 2, M. YepHiBii, YepHiBerpka 06:1., 58012, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

Tenedon: 380372552914

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa gis IIPOBEOECHHSI HiP: 43 - pnacua ininjiatusa (Km0 poboTa BUKOHYETHCS 3 BJIACHOI iHiljiaTHBU 32

KOLITU BUKOHaBIA HJIP a60 6€3K0ITOBHO)

Hampsam (l)iHchyBaHHﬂ: 2.1 - pyHIaMeHTabHI JOCIIIPKEHHS
I>kepesia piHaHCYBaHHS

7704 - ByIaCHi KOLITH, KOIITH MiATIPHEMCTB, YCTaHOB, OpraHisaniii, ¢pizuyHoi ocoou Ha

BHUKOHAHHS iHilliaTHUBHHUX POOIT

dakTHyHHuH 00csT piHAHCYBaHHS (THC. IPH.): 25




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

OnTuMmizallis TeXHOJIOTII BUPOIyBaHHS HaMiBIPOBITHUKOBUX KPUCTaiB epoBcKiTy CsPbBr3

Ha3sBa po6oTH aHIJIilICbKOIO:

Optimization of technology of growing perovskite semiconductor crystals CsPbBr3.

PedepaT ykpaiHCbKOIO:

O6 ekt mocmnigxkeHHs — $pa3osi piBHOBaru rneposckiTy CsPbBr3, esleKTpuyHi Ta ONTHUYHI BIaCTUBOCTI KPUCTAIiB
Lesiit [Imom6ym 6pominy. Meta po6oTu — OnTuMisaliisi TEXHOJIOTii BUPOLYBaHHS BEPTUKAIbHIUM METOLOM
BpimxmeHna HaniBNpoBiAHMKOBUX MOHOKpHCTasiB CsPbBr3. OnepskanHs maTepiasiB i3 BUCOKUM CTyIleHEM
MOHOKPHUCTaJIiYHOCTI Ta 3aJJaHUMU €JIEKTPUYHUMMU 1 ONITUYHUMU BIACTUBOCTSIMU. MeTOIM NOCTiIKEHHS —
IvdepeHLinHO-TepMiYHMN aHai3, (IITA), BUpOLyBaHHS KPUCTAJiB (B€PTUKAIBHUI METO[, BpilKMeHa), eJIeKTpUYHi
BMMipIOBaHHS (BOJIbT-aMII€PHi BUMIPIOBaHHS,) ONITUYHI BUMipIOBaHHS (BUMipIOBaHHSI OIITUYHOTO [IOTJIMHAHHS,
doTromoMiHecLeHIIii Ta YaCcOBOi 3a/1E>KHOCTI iHTerpasbHOi iIHTEHCUBHOCTI (oToMoMiHecleH1ii). CUHTe30BaHO
MEXaHO-XiMiYHMM METOZIOM 3 NMOJaJbIIMM CIVIABIASIHHAM Kpuctasniynuii CsPbBr3. 3a nonomoroio nudepeHiiiiHo-
TEepMIYHOTO aHasi3y i3 MBUIKOCTSIMU HarpiBy /oxonomkenHs 0,1, 1, 3, 5 ta 10 °C /xB. mocifpKeHo npouecu
IIJIaBJIEHHA Ta KpUCTAasi3allii 04ep>KaHOro MNepoBCKiTy. BCTAaHOBIIEHO 3HMKEHHS TEMIIEPATyPU IJIaBJIEHHS Bif,
568,2+0,1 °C no 566,3+0,2 °C i3 3pocraHHsaM WBUAKOCTI HarpiBy Bif 0,1°C /xB. 1o 10°C /XB. BiANOBiAHO.
3arporoHOBaHO ifelo PO ABOCTANiMHUI MexaHi3M NyiaBiaeHHs epoBcKiTy CsPbBr3 i3 moyaTkoBolo cTagieto
dparmeHTauii KPUCTATIYHOI CTPYKTYpH Ta MOJAJIBIIMM PO3YMHEHHSIM 3aJIMILIKIB KpUCTasiyHoi ¢asu. 3adikcoBaHo,
1[0 [TPY HarpiBaHHi po3IIaBy BUIlle IIEBHOI «KPUTHYHOI» TeMmepaTypu (579-585 °C) BinbyBaeThcs H0ro
roMOTeHi3allis, a TeMrieparypa Kpucranisanii BCTaHOBIIOEThCS Ha piBHI 540-550 °C 1151 IIBUAKOCTI

HarpiBy /oxonomxxeHHs 0,1-1°C /xB. Ta 538-543 °C pns mBuakocreii 5-10°C /xB. OTpuMaHi faHi 6ysim BUKOPUCTaHi
L7151 ONITUMI3alii TexHoJIoril BUpoyBaHHs KpucTtasniB CsPbBr3. BumipsiHuil nuToMuil omip OTpuMaHux 3pasKis
3HaxXOJuBCs Ha piBHI 4-5x109 OmxcM, myprHA 3a60pOHEHOI 30HU cTaHOBUA 2,24 eB. Yac XUTTs HOCIiB 3apsay

CKJazaB 27 HC 1Ipy 30yA>KEeHH] Jla3epoM 3 TOBXUHOIO XBujli 402 HM

Pedepar aHIJIiHCBKOIO:

The object of the study is the phase equilibria of CsPbBr3 perovskite, the electrical and optical properties of
Cesium Plumbum bromide crystals. Purpose: Optimization of Bridgman vertical growing technology for CsPbBr3
single crystals. Obtaining materials with a high degree of single crystallinity and predetermined electrical and
optical properties. Research methods: differential thermal analysis (DTA), crystal growth (Bridgman's vertical
method), electrical measurements (volt-ampere measurements,) optical measurements (measurements of optical
absorption, photoluminescence and time dependence of the integral photoluminescence intensity). The crystalline
CsPbBr3 was synthesized by the mechanochemical method with further fusion. Processes of melting and
crystallization of the obtained perovskite were investigated using differential thermal analysis with
heating/cooling rates of 0.1, 1, 3, 5 and 10 ° C / min. A decrease in the melting point from 568.2 + 0.1° C to 566.3 +
0.2 ° C was observed with an increase in the heating rate from 0.1° C / min. up to 10 ° C / min. respectively. The
idea of noa two-stage melting mechanism of CsPbBr3 perovskite with an initial stage of fragmentation of the
crystalline structure and subsequent dissolution of crystalline phase residues is proposed. It is reported that when
the melt is heated above a certain "critical” temperature (579-585 ° C), its homogenization occurs, and the
crystallization temperature is set at 540-550 ° C for a heating/cooling rate of 0.1-1° C / min. and 538-543 ° C for
speeds of 5-10 ° C / min. The data obtained were used to optimize the technology of growing CsPbBr3 crystals.
The measured resistivity of the obtained samples was at the level of 4-5 x 109 Ohm x cm, the width of the
bandgap was 2.24 eV. The lifetime of the charge carriers was 27 ns when excited by a laser with a wavelength of
402 nm.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszsa HTII ykpaiHCBKOIO: OnTuMizoBaHa METO/MKA BUPOLLYBAHHS KPUCTAIIB epoBckiTy CSPbBr3

BEPTUKAJIPHUM METOOLOM Bpi;meeHa.

Ha3zpa HTII aHrsi#icbKO0: An optimized technique for growing CsPbBr3 perovskite crystals by the

Bridgeman vertical method.

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

FaJIy3b 3aCTOCYBaHHSI: JlociIKeHHS MPOLECIB IJIaBJIEHHS Ta KPUCTasli3allil HamiBIPOBiIHUKOBUX CIIOJYK,

METOJM BUPOIyBaHH HAIliBIIPOBiIAHUKOBUX KPUCTAJIIB.
PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omnuc HTII: Creopena ontrmizoBana MeTo/inKa BUPOIIyBaHHS HATIBIPOBIJHUKOBUX KPUCTAJIiB IIEPOBCKITY
CsPbBr3 BepTuKaabHUM MeTOLOM BpimpKkMeHa MiCTUTh TEXHOJIOTIYHI peKoMeHAalii 4151 ofep>kaHHs 3JIUTKIB
marepiajy i3 BACOKMM CTyIIeHEM MOHOKPUCTAJIYHOCTI Ta Hanepe[, 3aJaHuMU PYHKIIOHAJIbHUMU BJIaCTUBOCTSIMHU.
3oKpemMa BKa3aHO TeEMIIEPATYPY [0 SIKOi HEOOXiAHO HarpiBaTy PO3ILJIaB /1Jig NOro romoreHisalii nepeg,
BUPOLIYBaHHSIM Ta PEKOMEHIOBaHi NIBUIKOCTI BUPOLLYBaHHS, 1110 326€311e4aTh BUCOKY KPUCTAJIYHY SIKiCTb

Ol ep>KaHUX KPUCTAJIiB.
ConiannbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Minsumennsa nponykrusHocTi npani
Bnyins HTII Ha moBKiJjs:
BrnpoBagskeHHs HTII: He snposamxkeHo
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy:
3aKiHYeHHs eTamy:
Cno>kuBavi NpoayKIii: Haykosuj, cTyneHTn
IlepcneKTHBHI PHHKH: YkpaiHa
XapakTep CriBpOoGIiTHHIITBA 3 iHBECTOPOM
IloTpiOGHMI 0GCAT iHBECTHILiH, THC. TPH.:
IlpaBa, 0 HaAAIOTHCS iHBECTOPY MiCJIsA 3aBEPLIEHHS POOOTH: [IpaBa He HafAIOTHCS
HasiBHiCTB Gi3Hec-myIaHy: Hi
TexHiKO-eKOHOMiYHe OOrpyHTYBaHHsI: Hi
IToreH1iaIbHUI 0OCST IIPOJAIKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JopaTtkoBa iHdpopmamist:
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