O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0221U103762

Jep>kaBHUH peecTpaniliHuI HOMeP: 0118U002043

Oco06J1uBi TO3HAYKHU: Binkpura

HaTa peectpamnii: 25-02-2021

II. Etran BukoHnauus JiP
Homep erany: 3

Ha3sBa eramny: JlocnimkeHHs po3aMipHUX e(DeKTiB i TEpMOEIEKTPUYHIK BIACTUBOCTEl Y TOHKUX ILIiBKAX TBEPAUX
poszumHiB (Bi)2(Tel xSex)3, (Bil-xSbx)2Te3, Pbl-xSnxTe(Se), Bil-xSbx

IToyaTok eramy: 01.2020
3akiHYyeHHs eTamy: 12.2020

Buz 3BiTHOrO AOKYMEHTA: OCTaTO4HMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHSI IOPUAUYHOI 0co0H (abo ITIB ¢izuyHOi 0c00H): HauioHanbHuil TexHIYHMIA

yHiBepcuTeT "XapKiBCbKUM MOJITEXHIYHUN iHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupnnyosa, 6yx. 2, M. Xapkis, XapKiBcbKuii p-H., XapKiBcbka 0651, 61002, Vkpaina
dopma BaacHoOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

Tenedon: 380577076634

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHYBaHHS IOPUIUYHOI 0coou (a6o ITIB ¢izuyHO0i 0c00H): MinicTepcTBO OCBiTH i HayKK

Ykpainu

Kog, 3a €EJIPIIOY: 38621185

Micue3HaxoaKeHHS: npoc. [Tepemory, 6ya. 10, m. Kuis, KuiBcbka 0671., 01135, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: KaGiser MiicTpis YkpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

TenedoH: 380444813221

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

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

7713 - KOWTH ep>KO0I0A KeTy

Kop, nporpamuoi kiaacudikarnii BuzaTKiB i KpeagurysBaHHs (KITKBK): 2201040

dakTuuHmi 06car ¢piHaHCyBaHHS (THC. rPH.): 994.850




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

BB po3mipHUX e(eKTiB Ha TepMOEJIEKTPUYHI BJIACTUBOCT] TOHKOILIIBKOBUX HAHOCTPYKTYP Ha OCHOBi TBEpIHX

PO34YVHIB TOIOJIOTIYHUX i30JIATOPIB Pi3HOTO TUITY

Ha3sBa po60oTH aHIJIiHCBHKOIO:

The influence of size effects on the thermoelectric properties of thin-film nanostructures based on solid solutions
of topological insulators of different types

Pedepat yKpaiHCBKOIO:

O6'eKT DOCIIiIKEHHS - KJIaCU4Hi i KBAaHTOBI pO3MipHi e(peKTU y TOHKOIJIIBKOBUX HAHOCTPYKTYypax Ha OCHOBI
TOIIOJIOTIYHUX 130JIITOPIB - TepMoeieKTpukiB V2VI3, IV-VI, Bil-xSbx Ta BIIJIUB TONOJIOTiYHUX IOBEPXHEBUX CTaHIB i
PO3YIOPSIKYBaHHS CTPYKTYpPHU Ha IIPOSIB pO3MipHUX edeKTiB i TepMOesIeKTpUYHi BJIaCTUBOCTi. MeTa poboTH -
BUSIBUTH PO3MipHi €(PeKTH Y TOHKOILIIBKOBUX HAHOCTPYKTypax Ha OCHOBI TOIOJIOTYHUX i30J1sTOpiB V2VI3, IV-VI, i
Bil-xSbx Ta cnenudiky ix MposBy, sIKa MOB'Sg3aHa 3 HasBHICTIO B TOIOJIOTIYHUX i30JIITOPaX METAJIEBOTO
[IOBEPXHEBOTO APy 3 AipaKiBCbKMM 3aKOHOM JUCIIepCii, BCTAHOBUTY BIIJIMB PO3MiPHUX €(EKTIB i
PO3YNOPSIKYBaHHS CTPYKTYPU HA TEPMOEJIEKTPUYHI BJIACTUBOCTI. METOIM IOCIIiIKEHHS - BUMIPIOBaHHS
€JIEKTPOIPOBifHOCTI, KoediljieHTa 3eebeka, koedilienTa XoJsisna, MarHeToonopy B iHTepBasi Temneparyp (77 - 300
K) i marHiTHuX no1iB (0 - 1 T). [IpoBeieHO KOMILJIEKCHE AOCJIiIpKEHHS 3aJIEXKHOCTEN Bif] CKIaly i TOBLUIVHMU ILJIiBOK,
TEMIIEPATYPHU TA MArHITHOTIO IOJISI TEPMOEJIEKTPUYHUX i raJIbBAHOMATHITHUX BJIACTUBOCTEN TOHKUX IIBOK V2VI3,
IV-VI, i Bil-xSbx siki 6ysin BUpOIEHi Ha CKJIi METOJOM TEPMiYHOTO BUIIAPOBYBAHHS Y BaKyyMi ITOJiIKPUCTAIiB.
BusiBiieHO KylaCUYHi Ta KBaHTOBI po3MipHi epekTy. CIoCTepesKeHO OCLUIIIOIUNM XapaKTep 3MiHI
TE€PMOEJIEKTPUYHHUX BJIACTUBOCTEH TOHKUX IIJIiBOK i3 TOBIIMHOIO, SIKUM MIOB'SI3YETHCA i3 IPOSIBOM KBAHTOBUX
po3MipHUX eeKTiB. Pe3ysbTaTy TEOPETUYHOTO PO3PaXyHKY NEPioAy OCLUMIISLINA B paMKax MO/ieJli HECKiHU€HHO
rJIMO0KOI IOTEHILIHOI IMU JO6Pe Y3TOIKYIOThCS 3 JaHUMU €KCIIEPUMEHTY. BCTaHOBJIEHO BIJIUB TOIOJIOTTYHUX
[IOBEPXHEBUX CTaHiB i3 [ipakiBCbKUM 3aKOHOM Jucnepcii Ha crenudiky IposiBy pO3MipHUX €(PEKTIB y TOHKUAX
niiBkax Bi2Se3 i Bi2(Tel-xSex)3. BusHaueHO BIIJIMB aHIOHHOTO 3aMillleHHs Y criosykax V2VI3 Ha po3mipHe

KBAHTYBAaHHS €HEPrE€TUYHOTO CIIEKTPA.

Pedepar aHr1ilicbKOIO:

The research objects are classical and quantum size effects in thin film nanostructures based on topological
insulators - V2VI3, IV-VI, Bil-xSbx thermoelectrics, and the effect of topological surface states and structural
disordering on the manifestation of size effects and thermoelectric properties. The research purpose is to detect
size effects in thin film nanostructures based on topological insulators - V2VI3, IV-VI and Bil-xSbx, and to identify
the specificity of their manifestation associated with the presence of the metallic surface layer with a Dirac
dispersion law, to establish the influence of size effects and structure disordering on thermoelectric properties.
The research methods include measurements of electrical conductivity, the Seebeck coefficient, the Hall
coefficient, and magnetoresistance in the temperature ranges of 77 - 300 K and in the magnetic field range of 0 - 1
T. The dependences of thermoelectric and galvanomagnetic properties on temperature, magnetic field,
composition and thickness of thin V2VI3, IV-VI, i Bil-xSbx films grown on glass substrates by thermal evaporation
in vacuum using polycrystalline samples, prepared and characterized during the first stage of this project, as initial
materials, were studied. Effect of aging on thermoelectric properties of Bi2Te3 crystals and thin films was studied.
Classical and quantum size effects were observed. An oscillatory behavior of the thickness dependences of
thermoelectric properties for thin films was detected and attributed to the manifestation of quantum size effects.
The oscillation period theoretically calculated for an infinitely deep quantum well was in good agreement with the
experimental results. The influence of topological surface states with the Dirac dispersion law on the manifestation
of size effects in thin Bi2Se3 i Bi2(Tel-xSex)3 films was established. The effect of anion substitution in V2VI3



compounds on size quantization of energy spectrum was identified
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII ykpaiHCBKOIO: ToHKi n1iBKu TBepaux po3duHis IV-VI, V2VI3 i Bi-Sb i BizomocTi npo Brums

KBAaHTOBUX PO3MipHHUX €(EKTiB Ha X TEPMOEJIEKTPUYHI BJIaCTUBOCTI

Hassa HTII aurJiiichbKOI0: thin films based on IV-VI, V2VI3 and Bi-Sb solid solutions and information about

the influence of quantum-size effects on their thermoelectric properties
HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpuMmaHi pe3yJIbTaTH: Martepianu

l'any3s 3acToCcyBaHHS: 72.10

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Onepskano touki misku TBepaux posunHis Bi2Se3, Bi2Te3, SnTe, Bil-xSbx, (Bil-xSbx)2Te3, Bi2(Tel-
xSex)3, PbSel-xTex, 3 pi3HMMU TOBIMHAMU METOJOM TEPMIYHOTO BUIIAPOBYBAHHS Y BaKyyMi [TOJIIKpMCTAIiB Ha
CKJISIHI Ta CIII0AAHI IiaKaagky. OTpUMaHO 3aJIeKHOCTI Bif CKIaAy i TOBIIMHY IJ1iBOK, TEMIIEPATYPU Ta MAarHiTHOTO
T10JI1S1 TEPMOEJIEKTPUYHUX i FaJIbBAHOMArHIiTHUX BJIACTUBOCTEN TOHKUX IJIiIBOK TBEpAUX po3uyunHiB IV-VI, V2VI3 i Bi-
Sb. IIpoBeneHO MOPiBHSIHHS OLEP>KAaHUX PE3yJIbTATIB i3 JaHUMU 7151 BUXiIHUX TOJIIKPUCTaliB. BUSIBI€HO KJIaCUYHI
Ta KBAaHTOBi pO3MipHi epekTu. CIOCTEPEKEHO OCLIMIIIOIOYNI XapaKTep 3MiHY TEPMOEJIEKTPUYHHUX BJIACTUBOCTEN
TOHKUX IJIiBOK i3 TOBIIVHOIO Y TOHKUX IJIiBKax Bi2Se3 i Bi2(Tel-xSex)3, axuil OB'sI3yeTHCH i3 IPOSBOM KBAaHTOBUX

pO3MipHUX edEeKTiB.

ComniannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: [onimuenHs ctany HABKOJMIIHBOTO CEPEOBUILA,

EKoHOMIs eHepropecypcis
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