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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

BaraToakTopHa KOMITIOTEpHA ONTHMI3allisl CKJIamy, CTPYKTYPH, TEXHOJIOTI BUTOTOBJIEHHS TE€PMOEJIEKTPUYHUX MarepianiB Ha

OCHOBI TeJlypuy BiCMyTy

Hasga po6oTH (aHrJ1)

Multifactor computer optimization of the composition, structure, manufacturing technique of thermoelectric materials based on
bismuth telluride

Pedepar (yxp)

3Bit npo HAP: 217 c., 11 taba., 126 puc., 176 mxepes: 1-45 mkepesa OTpUMaHi B pe3yJbTaTi BUKOHAHHS JaHOi po6oTH, 46-176 - iHmi
mxepena. TEPMOEJIEKTPUYHUN MATEPIAJI, MATEPIAJIOBHABCTBO, 30HHA TIEPEKPUCTAJII3ALIA, EKCTPY3If,
CTPYKTYPA, MOJIEJIIOBAHHS. OGeKT HOCHiIKEHHS — TEPMOEJIEKTPUYHMII Marepias Ha ocHOBi Bi2Te3. Mera pobotu -
6aratoakTOpHa KOMITIOTE€pPHA OITUMI3allisi CKJamly, CTPYKTYPH, TE€XHOJIOTi BUTOTOBJIEHHS TE€PMOEJIEKTPUYHUX MarepiajiB Ha
OCHOBI TeJIlypuzy BiCMyTy. MeToAM NOCJIiIKEHHSI — METOAM MAaTeMATU4HOI (Pi3MKM /1JIs1 OIUCY TEIJIOBUX Ta TEMIIEPATYPHUX TOJIB,
ME€TO/ KOMITIOTEPHOTO MOZEJIOBAHHS [Ji1 BU3HAYEHHS iX MPOCTOPOBOTO PO3INOJiNy, €KCIIEPUMEHTaJIbHI METONM ONTUMi3alii
TEXHOJIOTIYHUX IIPOLECiB OTPUMaHHS MaTepialiB Ta BUMipIoBaHHS ix napamerpiB. CTBOPEHO yIOCKOHAJIEHI KOMITIOTEPHI Mozei
(popmMmyBaHHS CTPYKTYpPU TE€PMOEJIEKTPUYHMX MaTepiayiB Ha ocHOBi Bi2Te3 B mpolieci ix OTpUMaHHS 3 pO3IJIaBiB Ta IOPOIIKIB.
Bu3HauyeHO Ta €KCIIEPUMEHTAJIbHO IiJTBEPIPKEHO ONTUMAJIbHUI CKJIAJ, KOMIIOHEHT TEPMOEJIEKTPUYHUX MaTepiasiB Ha OCHOBI
TeJNypuAy BiCMyTy Nn- Ta p-TUIy IPOBigHOCTI. [IpoBefieHO ONTMMI3allil0 TEXHOJIOTIYHOrO MPOLEeCY Ta KOHCTPYKLii 067afHaHHS
IJI1 BUTOTOBJIEHHS TEPMOEJIEKTPUYHUX MaTepiayiB Ha OCHOBI Bi2Te3, mo M03BOJAIOTH OTPUMYBATH CTPYKTYPHO OCKOHAJIimIi
Marepianu i3 MmiABUIIEHUMMU 3HAUYEHHSMU JOOPOTHOCTI Ta JOCAITU KOHKYPEHTHOI MepeBaru BIiTUM3HSIHUX TEPMOEJIEKTPUYHUX
MePEeTBOPIOBAYiB €HEeprii Ha CBITOBOMY PHUHKY. PO3IVISHYTO MOXJIMBOCTI BUKOPUCTAHHS METOHIB IITYYHOTO iHTEJIEKTY JJIS
onTuMizalii TepMOEJeKTPUYHUX MaTepiayiB Ta MigBUINEHHS iX SKOCTi. Po3po6seHo MeTony Ta O6JsIafHAHHS 3 MiJBUIIEHOIO
HIBUOKOZI€I0 OJIs1 €KCIIEPUMEHTAJIbHOTO BH3HAYEHHSI BJIACTUBOCTEN TEPMOEJIEKTPUYHUX MarepianiB Ha ocHOBi Bi2Te3, mo
I03BOJIsie POPMYBATH JOCTATHIO Ta HaMiliHy 6a3y AaHUX /11 ePEeKTMBHOTO BUKOPMCTAHHS LIMX MOXKJIMBOCTEN. Pe3ybTaT po6oTu
BIPOBA[)KEHO Yy BUPOOGHULTBO MOJYJIB OXOJIOJPKEHHSI KOCMIYHOrO NPU3HA4YE€HHS, WO 3a CBOIMU XapaKT€pPUCTUKAMHU
MEepEeBUILYIOTh CBITOBUI piB€Hb. YMOBU OZEP>KaHHS 3BiTy: 3a OOTOBOPOM. IHCTUTYT TepmoenekTpuku HAH Vkpainm ta MOH

YKpainu.
Pedepar (aHra)

Research report: 217 pp., 11 tables, 126 figures, 176 sources: 1 to 45 sources were obtained as a result of this work, 46 tol76 are
other sources. THERMOELECTRIC MATERIAL, MATERIALS SCIENCE, ZONE RECRYSTALIZATION, EXTRUSION, STRUCTURE,
COMPUTER SIMULATION. The object of study is a Bi 2Te3 based thermoelectric material. The purpose of the work is
multifactorial computer optimization of the composition, structure, and manufacturing technology of bismuth telluride based
thermoelectric materials. Research methods are methods of mathematical physics to describe thermal and temperature fields,
computer simulation methods to determine spatial distribution, experimental methods for optimizing technological processes
for obtaining materials and measuring their parameters. Advanced computer models for the formation of the structure of Bi2Te3
based thermoelectric materials in the process of their production from melts and powders have been developed. The optimal
composition of components of thermoelectric materials based on n- and p-type bismuth telluride has been determined and
experimentally confirmed. The technological process and design of equipment for the production of Bi2Te3 based
thermoelectric materials have been optimized, thus enabling obtaining structurally more advanced materials with an increased
figure of merit and achieving a competitive advantage for consumer thermoelectric energy converters on the world market. The
possibilities of using artificial intelligence methods to optimize thermoelectric materials and improve their quality are
considered. Methods and equipment with increased speed have been developed for the experimental determination of the
properties of Bi2Te3 based thermoelectric materials, which allows the formation of a sufficient and reliable database for the
effective use of these capabilities. The results of the work have been introduced into the production of cooling modules for
space purposes, whose characteristics exceed the world level.
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Hassa npoaykuii (ykp): Komm'iotepHi Mmozesi ¢popMyBaHHS CTPYKTYPU TEPMOEJIEKTPUYHUX MaTepiasiB Ha ocHOBi Bi2Te3 B

Ipoleci ix OTpUMaHHS 3 PO3IJIaBiB Ta OPOLIKIB

Hassa npoaykii (aurJ): Computer models for the formation of the structure of Bi2Te3 based thermoelectric materials in the
process of their production from melts and powders

OuikyBani peayabsraTu: TexHosorii, MaTepiann
T'anyss 3acrocyBanHs: 72.19

Onuc npogykuii (ykp): [J03BOJISIOTh MTPOBOAUTH OIITUMI3AIL{I0 TEXHOJIOT{YHOTO IIPOLIECY Ta KOHCTPYKLiI 00IaiHAaHHS AJIs
BUATOTOBJIEHHS TEPMOEJIEKTPUYHMX MaTepiajiB Ha OCHOBI Bi2Te3, 1m0 J03BOJIAI0Th OTPUMYBATH CTPYKTYPHO JOCKOHAIiIIi
MarTepianu i3 NiiBUIEeHUMY 3HAYEHHSIMU JOOPOTHOCTI Ta JOCSITU KOHKYPEHTHOI I1epeBary BiTYM3HSIHUX TEPMOEIEKTPUIHUK

NIepEeTBOPIOBAYiB €HEPrii Ha CBITOBOMY PUHKY

ConjiasnpHO-eKOHOMIYHa cnpsimoBaHicTh HTII: 36inbmeHHs o6csriB BUpo6HUITBA, EKOHOMISI eHepropecypcis, EkKoHOMis

marepianis, [linBuineHHs MPOAyKTUBHOCTI npatyi, [TinBuiieHHs aBToMaTu3allii BUpOOGHUYHUX NIPOIIECiB
Crapgis 3aBepmenocti HTII: 3git no HIIJIKP

Bruposaaskenns HTII: BuposamxeHo

Crpoku BrnpoBaaykenHs: 01.202506.2025

Bupo6HuK npoaykuii: IncTuTyT Tepmoenexktpuku HAH Ykpainu Ta MOH Vkpainu

CnosxuBavi npoaykuii: OpraHizanii TepMoeseKTpUYHOTo MPUIafo0yayBaHHS

IlepcneKTHUBHI pHHKH: BiTYM3HsIHI Ta 3apy0OiKHI KOMMaHii, 1110 BUITyCKAIOTh TEPMOEJIEKTPUYHY [TPOIYKLIIO
IIpaBa iHTeseKTyas1bHOI BaacHOCTI: [To1aHO 3a51BKY Ha BUAAYY OXOPOHHOTO JOKYMEHTY, B YkpaiHi

®opmu Ta ymoBH nepegadi npogykuii: [Ipopax sinensii, [Ipopaxk narexTa, [Tpogax npoaykuii, HapuaHHs nepconainty,
IuBectunii, CrninpHi HAJKP, CriiibHe BUpOOHUILITBO

HTII 2

HasBa npoaykuii (ykp): CTpyKTypHO JOCKOHAaJiIIi TEPMOEIEeKTPUYHI MaTepiasy i3 MigBUIEeHUMHU 3HaY€HHSIMU JOOPOTHOCTI
Haspa mpoaykii (anrJi): Structurally more advanced thermoelectric materials with an increased figure of merit
OuikyBani peayabsratu: TexHosorii, MaTepianu

T'anyss 3acrocyBanHs: 72.19

Onuc npogykuii (ykp): TepmoesnekTpuyHi MaTepiau Ha OCHOBI Bi2Te3 cTpyKTypHO [OCKOHAIIII {3 MigBUIEHUMU 3HAYE€HHSIMU

IOOpPOTHOCTI

ConjiasnpHO-eKOHOMIYHa cnpsimoBaHicTh HTII: CTBOpEeHHSs IPMHIMIIOBO HOBOI IPOAYKIii (MaTepiasiB, TEXHOJIOTIH TOIIO) AJIs
3abe3eyeHHs! eKCIIOPTHOTO TOTEeHIliaNy Ta 3aMillleHHIO iMITOPTY, 306inbLIeHHs 06cAriB BUPOOHUIITBA, EKOHOMIsSI eHepropecypcis,

ExoHoMmis maTepianis, [TinBuieHHS MPOAYKTUBHOCTI Mpari

Cragis 3aBepmenocti HTII: 3Bit no HIJKP, ExcriepuMeHTaNbHUH (MakeTHUHN 3pa30K)
Bruposagskenns HTII: BuposamxeHo

Crpoku BrpoBagskeHnHs: 10.202306.2024

Bupo6HHuK npoaykuii: IncTuTyT Tepmoenexktpuku HAH Ykpainu Ta MOH Vkpainu

CnoskuBavi npoaykuii: OpraHizalii TepMOeseKTpUYHOro MPpUIafo0yayBaHHS



IlepcneKkTuBHI pHHKH: BiTun3HsHI Ta 3apyOiKHI KOMMaHii, 10 BUITyCKAIOTh TEPMOEJIEKTPUYHY [TPOLYKLIIO
IIpaBa inTeseKTyas1bHOI BjacHOCTI: [To1aHO 3a5BKY HAa BUAAYY OXOPOHHOTO JOKYMEHTY, B YkpaiHi

®opmu Ta ymoBH nepepgaui npogykuii: [Ipogax sinensii, [Ipopaxk narexTa, [Tpogax npoaykuii, Hapuanus nepconasny, CrinbHi
HIOKP, CrisibHe BUPOOHUIITBO
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