AHOTALIIA

Kpeuyn M. M. Brnmue ¢a3oBoi crabimpHOcTi cuctemMu Fe—Ni-Cr—-W  Ha
dbopMyBaHHS TambBaHIYHUX AHTUAUQPY3IMHUX CTPYKTYp Y TEPMOEICKTPUUHHUX
nepeTBoproBayax eHeprii Ha ocHoBl maTepiaiiB Bi—Te. KamidikamiitHa HaykoBa mparis
Ha IIpaBaxX PyKOMUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTymeHsS JokTopa (imocodii 3a
cruemianbHicTio 105 «Ipuknanna ¢izuka Ta Hanomarepianm» (10 — [Ipupoguaudi HayKn).
— YepHiBenbKuil HamioHaIbHUM yHIBepcuTeT iMeHi FOpis denpkoBuua, Yepninii, 2026.

Hucepraiiist npucBsiYeHa TEOPETUUHOMY BUBUEHHIO BILTUBY (ha30BOi CTa01JIbHOCTI
cucremMu Fe—Ni-Cr—W na dopMyBaHHS TajdbBaHIYHUX aHTUAM(DY3IHHUX CTPYKTYp Y
TEPMOECJIEKTPUYHUX TEPETBOpIOBaYax €Heprii Ha ocHOBI MmarepianiB Bi—Te. Pobora
CIpsiMOBaHa Ha OOTPYHTYBaHHsI CKJIaly aHTUAM(DY31MHUX IapiB, 3IATHUX 3a0€3MEUUTH
CTPYKTYpHY Ta ()a30BY CTaOUIbHICTh KOHTAKTHUX 3’€JIHAHb 1 MIABUIIUTH JOBIOBIYHICTh
TEPMOCIEKTPUYHUX MOAYIiB. JlOCTIPKEHHSI BUKOHYBAINCHh 3 BUKOPUCTAHHSIM METOJIIB
aHami3y (a3oBUX JiarpamM CTaHy MOJIBIMHUX Ta TOOYAOBH MOTPIMHHUX 1 YETBEPHUX
CUCTEM, a TAKOX PO3PAXYHKOBOTO aHaJi3y MapaMeTpiB XIMIYHOTO 3B’SI3KY: €()EKTUBHUX
panaiyciB, €pEeKTUBHHUX 3apsAJliB Ta €HEPriil aucorriaiii (eHeprii MiXKaTOMHOT B3a€EMOIi1).

VY BeTynmi 00rpyHTOBAHO aKTyalIbHICTh TEMH JUCEpTallii, ChOpMyIbOBaHO METY Ta
3aBJAHHS TOCHIIP)KEHHS, BU3HAYEHO HAYKOBY HOBU3HY 1 IPAKTUYHY L[IHHICTh OTPUMAHHUX
pesynbrariB. HaBemeno mani mpo myOmikaiii, ampoOarfito pe3ynbTaTiB, OCOOUCTHI
BHECOK 3/100yBaya, a TaKOX OIMKCAHO CTPYKTYPY Ta 00CsT AUCepTaIiitHoi poOoTH.

VY nepmomy po3aiii gucepTalli IpUBEICHO OV Ta aHalli3 Cy4YaCHUX HAYKOBUX
JOCIIJIKEHb, TMPUCBIYCHUX TCOPETUYHUM Ta  EKCIEPUMEHTAIBHUM  acTeKTaM
TEPMOEJICKTPUYHOTO TIEPETBOPEHHS eHeprii. JleTanbHO pO3TISHYTO CTPYKTYPHO-
CJICKTPOHHI BJIACTUBOCTI MaTepiaiiB Ha OCHOBI BiyTes, a Takok XiMIUYHUHN 3B’ SI30K 1 HOTO
BIUTUB Ha (opMyBaHHS KOHTAaKTHHX 3 €qHaHb. [IpoaHani3oBaHO OCHOBHI BapiaHTH
KOHCTPYKII TEPMOENEKTPUYHUX MOJYNIB 1 MPOOJEMU KOHTAKTHUX 3 €IHAHb, IO
BUHUKAIOTh y Tiporieci ekcruryaraiii. [lokazano, mo mikdaszna nudysis Ta TepMmidHi
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excrutyaramii. Takok y po3aun poO3MISHYTO CydacHI MIAXOAW JIO 3armoOiraHHs
nudys3iitHii nerpagaiii KOHTaKTHUX 3 €IHAHb, 30KpeMa BUKOPUCTAHHS aHTUAU(DY31HHUX
0ap’epiB. OOIPYHTOBAHO JOIUIBHICTh 3aCTOCYBAHHS 0AaraTOKOMIIOHEHTHHUX CHUCTEM Ha
OCHOBI TEPEeXiTHUX METaJiB SK TEePCICKTUBHUX MaTepiaiiB s  ITiIBUIICHHS
CTabUIBHOCTI KOHTaKTiB. OKpEeMO HarojolIeHO Ha BaXKIMBOCTI OOTpYHTYBaHHSI BUOOPY
cucremu Fe—NI—Cr—W sik ocHOBU 151 GOpMYyBaHHS aHTHIU(DY31HHUX MIAPiB 1 TOKA3aHO
ponb (a3oBuX miarpam CcTaHy y BHOOpi1 MaTepialliB Il TalbBaHIYHOI KOMYTAITii.
OOrpyHTOBaHO JOIUIBHICTH 3aCTOCYBAHHS rajbBaHIYHO C(POPMOBAHUX AaHTUAUPY3IHHUX
mapiB 1 KOMYTalIHUX CTPYKTYp SIK aJIbTEPHATUBH TPAIAULIMHUM 3 €JHAHHSM, IIO
3a0e3neuye 3HMKEHHSI KOHTAKTHOT'O OIOPY, TEXHOJIOTIYHY THYYKICTh Ta CYMICHICTD 13
Marepiaiamu Ha ocHOBI Bi—Te.

VY apyromy po3ziiai poOOTH pO3TIIAIa€ThCcsl MUTaHHS (pa30BUX Alarpam piBHOBAaru
oinapuux cuctem Ha ocHoBi Fe—Ni, Fe—Cr, Fe-W, Ni-Cr, Ni-W ta Cr-W, a Takox
cucrem Bi-Te, Bi—Sn ta Sn-Te 3 ypaxyBaHHAIM iX B3aeMOjil B yMOBax (hOpMyBaHHS
KOHTaKTHHX 3’€HaHb. [IpoaHaiizoBaHo 00J1aCTI ICHYBaHHS TBEPAHMX PO3YMHIB T MEXI
¢a3oBoi  CcTaOUIHLHOCTI ~ KOMIIOHEHTIB.  3alpOINOHOBAaHO  TEOPETHYHY  MOJEIb
BIIOPSAIKOBYBaHUX ciuiaBiB Bi—Sn—Te, sika 103B0JIsI€ OMUCYBATH CTPYKTYPHO-EIEKTPOHHI
0COOJIMBOCTI MaTepiaiiB Ta BpaxoByBaTH iX mpu (HopMyBaHHI KOHTAKTHUX 1 0ap’€pHUX
mrapiB. Ilokaszano, mo B cucremax Bi—Te, Bi—Sn, Sn—Te HasBHI HU3bKOTEMIICpATYpPHI
1HBapiaHTHI NEPETBOPEHHS Ta IHTEpMETANIYH1 (pa3u, YTBOPEHHS IKUX MOXKE MPU3BOJAUTH
0 nerpanaili KoHTakTiB. lle oOrpyHTOBye HEOOXITHICTh BUKOPUCTAHHS 3aXHWCHUX
aHTUAM(Y31MHUX apiB MK MaTepiaiaMu Ha ocHOBI Biy Te; Ta Metanamu. BetaHoBieHo,
mo cuctemu Ha ocHOBi Fe, Ni, Cr, W xapakTrepu3yroThCsi MUPOKUMHU OTHO(DAZHUMHU
00JacTsIMU, TOJII SIK B3a€EMO/I1I KOMIIOHEHTIB Y cucteMi Bi—Te—Sn Moxke mpu3BoauTH 110
YTBOpPEHHA HeOakaHuX (a3 y KOHTAKTHIM 30HI, IO 3yMOBJIIOE HEOOX1JTHICTh
3aCTOCYBaHHS aHTUAU(DY31MHUX MOKPUTTIB. OTpuUMaHi pe3yibTaTH aHami3y (pa30BHUX
JiarpaM CTBOPIOIOTh TEOPETHYHE MIATPYHTS ISl BUOOPY 0araTOKOMIIOHEHTHOT CHUCTEMU
Fe—Ni—-Cr—W sk ocHOBM aHTUIAM(Y31MHUX MIApPIB i BU3HAYAIOTH JOMYCTHMI i1HTEPBAJIH
CKJIaJy Ta YMOBH iX (popMyBaHHS, IO € OCHOBOIO JIJISl TTOTAJIBIITUX €KCIIEPUMEHTATBHUX
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Y TperboMy poO3/iii 3aCTOCOBAHO METOAMKY MOOYI0BHM 0araTOKOMIOHEHTHHX
¢da3zoBuX giarpaM cTaHy I aHami3y (pa3oBoi CTaOUIBHOCTI CUCTEM, ONITUMAIBHUAX IS
dbopmyBaHHS aHTUAU(DY3IHHUX MIAPIB Y TEPMOEIEKTPUUHUX MOaysiX. [loOymoBaHo Ta
NpOaHaII30BaHO MOTpiifHI miarpamu cra”y cuctem Bi-Sn—Te, Fe-Ni—Cr, Fe-Ni-W,
Ni-Cr—-W Tta Fe-Cr—W, a Takox 130TepMiuHI Tiepepi3d YETBEPHOI CHCTEMHU
Fe-Ni—Cr-W. Ha ocHoBi aHamizy cucremu Bi—Sn-Te BcTaHOBIEHO BIACYTHICTh
HMIMPOKUX 00JacTei cTabUIbHUX TBEPAMX PO3YUHIB 1 HASIBHICTh HU3BKOTEMIIEPATYPHHUX
pIBHOBAr, IO CTBOPIOE puU3UK (GopMyBaHHsS HeOakaHuX a3 y KOHTAKTHIM 30HI Ta
HiATBEP/UKYE HEOOXITHICTh 130JIAIii MaTepiaiaiB Ha OocHOBI Bi;Tes; Big KOMITOHCHTIB
npuroro. [Tokazano, mo cucremu Fe—Ni—Cr, Fe—Ni-W, Ni-Cr—W ta Fe—Cr—W wmicTaTh
00JacTi TBEPAMX PO3UMHIB, ONTUMAIBHUX i1 (POopMyBaHHSA aHTUAU(DY31MHUX MIApiB,
OJIHAK BBEJEHHS BOJIb()paMy CYIPOBOKYETHCS 3BYKEHHSIM I[MX oOjacTed 1
MO>KJIMBICTIO YTBOpEeHHS JBo(a3zHux craHiB. lle 3ymMOBIIO€ HEOOXIAHICTH KOHTPOIIO
Bmicty W 'y ckimaal  aHtuaudy3iiHuX —mapiB.  AHami3  4ETBEPHOI CUCTEMU
Fe—Ni—-Cr—W no3BosinB Bu3Ha4uuTH 00nacTi (a30BOi CTaOLIBHOCTI; ONTHMAaIbHUMH €
nokputTss Ha ocHOBI Fe—Ni—Cr 3 oOMexxeHMM BMiCTOM BOJIb(pamy. 3ampornoHOBAaHO
KOpEJISILiiiHT MOJeNl, IO MOB’SA3YI0Th MNapaMeTpu XIMIYHOrO 3B’A3KY (e(eKTHBHI
paniycu, edeKTHBHI 3apsiAu aTOMIB Ta €Heprii aucorriaiii) 3 (a3oBor0 cTaOUIBHICTIO Ta
TEXHOJIOTTYHUMH XapaKTEPUCTHUKAMU KOHTAKTHHUX IIapiB, IO JIa€ 3MOTY MPOTHO3YBaTH
e(EeKTUBHICTh AHTUAUPY3IMHUX 1 KOMYTALIMHUX CTPYKTYp Y TEPMOEIEKTPUUYHUX
NepeTBOprOBavaXx.

VY 4erBepTOMY PO3/1JIl BUKOHAHO PO3PAaXYHKOBHUI aHAJI3 MMapaMeTpiB XIMIYHOTO
TEPMOECIIEKTPUYHOTO MaTepiany 1 npumnoto — Bi, Te ta Sn. [IpoananizoBano ehekTuBHI
paniycu, epexkTHBHI 3apsaud aTOMIB Ta €HEprii Jucolialli, sK KJIOYOBlI MapameTpu
MDKaToOMHOI B3aeMoii. CyKkynmHe BpaxyBaHHS PO3MIPHHUX 1 €JIEKTPOHHUX MapameTpiB
JIO3BOJIMIIO KITBKICHO OIIHUTU €HEPTiI0 3B’SI3KY Ta BU3HAYUTHU XapaKTep B3aeMOJIii Mk
KOMITOHEHTAaMH KOHTaKTHOI cucteMH. Iloka3zaHo, mo MiKaTOMHA B3aEMOIIS MIX
kommonentamu B cuctemMax Fe—Ni—Cr—W ta Bi-Sn-Te € BusHauanbHHM (HaKTOpPOM
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anTUIM(y31iHuX TOKpUTTIB. [locnimoBHmii aHami3 ePeKTUBHUX padlyciB, e(PeKTHBHUX
3apsAIiB Ta eHeprii aucomiamii GopMye €muHYy CHCTeMY IMapaMeTpiB, siKa TO3BOJISE
IHTEepIpETyBaTU 3aKOHOMIPHOCTI (Pa30BOro yTBOpPEHHsS Ta TMpolecu (popMyBaHHS
aHTHIM(Y31HHUX MIapiB Yy MeKaxX KOHIIEMIIi KBaHTOBOI IraJIbBaHOXIMIi.

VY po6oTi BCTaHOBIIEHO, 110 MOEAHAHHS aHai3y (Pa30BUX Jllarpam i3 mapameTpamu
XIMIYHOTO 3B’A3KYy € €(QEeKTUBHUM I1HCTPYMEHTOM i1 OOIPYHTYBaHHS CKJIaay
aHTUIM(QY31HHUX IMapiB 1 MPOTHO3YBaHHS IX CTAOUIBHOCTI Y TEPMOEIEKTPUIHHUX
Moayisix. OnTumizaiiss CKJIagy Ta KOHCTPYKIII KOHTAaKTHUX €JIEMEHTIB CIpUse
NIJBUILIEHHIO iX TEPMIYHOI Ta MEXaHIYHOI CTIMKOCTI, IO MIATBEPIXKYE (DYHKIIOHAIbHY
pojib Oap’epHUX MIAPIB 1 KOMYTALIMHUX CTPYKTYp y 3a0€3MeYeHHI JIOBFOBIYHOCTI
TEPMOEIEKTPUYHUX MOJIYIIB.

IIpakTuyHe 3HAYeHHSI OTPUMAHMX pe3yJIbTATIB

Otpumani pe3ysibTatu OyayTh BUKOPUCTaHI JIJIsi OOIPYHTYBAaHHS BUOOPY CKJIaay
edeKTUBHUX aHTUIU(DY31MHUX IIapIB Y TEXHOJIOT1SIX BUTOTOBJICHHSI, 0COOJIMBO HAIHHUX
TEPMOCJIEKTPUYHUX  MOAYJIB HAa OCHOBI Telypuay BIcMyTy. BcraHoBneH1
3aKOHOMIPHOCTI B33a€MO3B’SI3KY MDK TapaMmeTpaMH XIMIYHOrO 3B’sI3Ky Ta (ha30BOIO
CTaOUIBHICTIO 3a0€3MeYyI0Th ONTUMI30BAHMI MIA0Ip KOMIIOHEHTIB TOKPHUTTS 3
ypaxyBaHHAM 1X JAuQy31dHOT 1HEPTHOCTI, EJIEKTPOIMPOBIAHOCTI Ta CYMICHOCTI 3
TEPMOCIICKTPUYHUM MaTepiajioM 1 TPUIOEM. 3ampolOHOBAHUN MIAXIA 0 aHaji3y
napameTpiB XIMIYHOTO 3B’S3Ky MOXe€ OyTH 3aCTOCOBaHUM MpH ONTHUMI3ALIl PEKUMIB
raJlbBaHIYHOTO OCQKCHHS (CKJIQJ EJICKTPOJITY, KOHIICHTpAIliHI CITiBBITHOIICHHS
KOMITOHEHTIB, TYCTHHA CTPyMY), 1110 3a0e3neuye (hopMyBaHHS CTPYKTYPHO OJHOPIAHUX 1
TEPMIYHO CTa0IbHUX Oap’epHuXx wapiB. lle copusie 3HUKEHHIO KOHTAKTHOTO
CJIEKTPUYHOTO OIOpy, OOMEXEeHHI0 MiK(a3zHOT B3a€MOJIl Ta MiJBUIICHHIO PECYpPCYy
poOOTH MOJYJIB y TPUBAIMX 1 MUKIIYHUX TEIUIOBUX pekumax. Pesynbratu nuceprarii
MOXXYTh OyTH BIIPOBA)KCHI TIPH MPOEKTYBAHHI 0araTtomapoBUX METaJeBUX MOKPHUTTIB
JUISL TEPMOECJICKTPUYHUX TIEPETBOPIOBAYIB €HEprii 3 MiABUIICHOK TEPMIYHOIO Ta
U y31MHOI0 CTA0IIBHICTIO.

Ku11040Bi cj10Ba: HamiBNPOBITHUK, TEPMOECICKTPUYHI MaTepiai, HAHOCTPYKTYpa,
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CTHOJYKH, TEOPETUYH1 MOJIeJI1, KBAHTOB1 3aKOHOMIPHOCTI, €JIEKTPOHHA TYCTHHA, llarpaMu
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ABSTRACT

Krechun. M. The influence of the phase stability of the Fe—Ni—Cr—W system on the
formation of galvanic anti-diffusion structures in thermoelectric energy converters based
on Bi—Te materials. — Qualified scientific work as a manuscript.

Thesis on search for the Doctor of Philosophy degree in specialty 105 «Applied
Physics and Nanomaterials» (10 — Natural Sciences). — Yuriy Fedkovych Chernivtsi
National University, Ministry of Education and Science of Ukraine, Chernivtsi, 2026.

The dissertation is devoted to the theoretical study of the influence of the phase
stability of the Fe—Ni—Cr—W system on the formation of galvanic anti-diffusion structures
in thermoelectric energy converters based on Bi-Te materials. The work is aimed at
substantiating the composition of anti-diffusion layers capable of ensuring the structural
and phase stability of contact connections and increasing the durability of thermoelectric
modules. The research was carried out using methods of analyzing phase diagrams of
binary states and constructing ternary and quaternary systems, as well as computational
analysis of chemical bond parameters: effective radii, effective charges and dissociation
energies (interatomic interaction energies).

The introduction substantiates the relevance of the dissertation topic, formulates
the goal and objectives of the research, determines the scientific novelty and practical
value of the results obtained. It provides data on publications, testing of the results, the
personal contribution of the applicant, and also describes the structure and scope of the
dissertation work.

The first chapter focuses of the dissertation provides a review and analysis of
modern scientific research devoted to theoretical and experimental aspects of
thermoelectric energy conversion. The structural and electronic properties of materials
based on Bi,Tes are considered in detail, as well as the chemical bond and its influence
on the formation of contact joints. The main variants of thermoelectric module designs

and the problems of contact joints that arise during operation are analyzed. It is shown



that interfacial diffusion and thermal stresses are key factors in the degradation of contacts
during long-term operation. The section also considers modern approaches to preventing
diffusion degradation of contact joints, in particular the use of anti-diffusion barriers. The
feasibility of using multi-component systems based on transition metals as promising
materials for increasing the stability of contacts is substantiated. The importance of
substantiating the choice of the Fe—Ni—Cr—W system as the basis for the formation of
anti-diffusion layers is separately emphasized and the role of phase diagrams in the
selection of materials for galvanic switching is shown. The feasibility of using
galvanically formed anti-diffusion layers and switching structures as an alternative to
traditional connections, which provides reduced contact resistance, technological
flexibility, and compatibility with Bi-Te-based materials, is substantiated.

The second chapter focuses of the work considers the issue of phase diagrams of
equilibrium of binary systems based on Fe—Ni, Fe-Cr, Fe-W, Ni—Cr, Ni-W and Cr-W,
as well as the Bi—Te, Bi—Sn and Sn—Te systems, taking into account their interaction
under the conditions of the formation of contact joints. The regions of existence of solid
solutions and the limits of phase stability of the components are analyzed. A theoretical
model of ordered Bi—Sn-Te alloys is proposed, which allows describing the structural
and electronic features of materials and taking them into account when forming contact
and barrier layers. It is shown that in the Bi-Te, Bi-Sn, Sn—Te systems there are low-
temperature invariant transformations and intermetallic phases, the formation of which
can lead to contact degradation. This justifies the need to use protective anti-diffusion
layers between materials based on Bi,Tes and metals. It has been established that systems
based on Fe, Ni, Cr, W are characterized by wide single-phase regions, while the
interaction of components in the Bi—Te-Sn system can lead to the formation of
undesirable phases in the contact zone, which necessitates the use of anti-diffusion
coatings. The obtained results of the analysis of phase diagrams create a theoretical basis
for the selection of the multi-component system Fe—Ni—Cr-W as the basis of anti-
diffusion layers and determine the permissible composition intervals and conditions for

their formation, which is the basis for further experimental studies.



The third chapter focuses the method of constructing multicomponent phase
diagrams of state is applied to analyze the phase stability of systems optimal for the
formation of anti-diffusion layers in thermoelectric modules. Ternary phase diagrams of
the Bi-Sn—-Te, Fe-Ni-Cr, Fe-Ni-W, Ni-Cr-W and Fe-Cr—W systems, as well as
isothermal sections of the Fe—Ni—-Cr—W quaternary system, were constructed and
analyzed. Based on the analysis of the Bi—Sn—Te system, the absence of wide regions of
stable solid solutions and the presence of low-temperature equilibria were established,
which creates the risk of the formation of undesirable phases in the contact zone and
confirms the need to isolate materials based on Bi,Te; from the solder components. It is
shown that the Fe—Ni—Cr, Fe—Ni—W, Ni—-Cr—W and Fe—Cr—\W systems contain regions of
solid solution regions optimal for the formation of anti-diffusion layers; however, the
introduction of tungsten is accompanied by a narrowing of these regions and the potential
for dual-phase state formation. This necessitates the control of the W content in the anti-
diffusion layers. Analysis of the quaternary system Fe—Ni—Cr—W allowed us to determine
the regions of phase stability; the optimal coatings are based on Fe—Ni—Cr with a limited
tungsten content. Correlation models are proposed that link the parameters of chemical
bonding (effective radii, effective atomic charges and dissociation energies) with the
phase stability and technological characteristics of contact layers, which makes it possible
to predict the effectiveness of anti-diffusion and switching structures in thermoelectric
converters.

The fourth chapter focuses a computational analysis of the chemical bond
parameters in the Fe—Ni—Cr—W system and the interaction of its components with the
components of the thermoelectric material and solder — Bi, Te and Sn was performed.
The effective radii, effective charges of atoms and dissociation energies were analyzed as
key parameters of interatomic interaction. The combined consideration of dimensional
and electronic parameters allowed us to quantitatively estimate the bond energy and
determine the nature of the interaction between the components of the contact system. It
was shown that the interatomic interaction between the components in the Fe—Ni-Cr—-W
and Bi—Sn—Te systems is a determining factor in the degradation of contact joints, which

justifies the need to use anti-diffusion coatings. A sequential analysis of the effective



radii, effective charges and dissociation energies forms a single system of parameters that
allows us to interpret the regularities of phase formation and the processes of formation
of anti-diffusion layers within the concept of quantum galvanochemistry.

The work found that the combination of phase diagram analysis with chemical
bonding parameters is an effective tool for substantiating the composition of anti-
diffusion layers and predicting their stability in thermoelectric modules. Optimization of
the composition and design of contact elements contributes to increasing their thermal
and mechanical stability, which confirms the functional role of barrier layers and
switching structures in ensuring the durability of thermoelectric modules.

Practical significance of the obtained results

The results obtained will be used to justify the choice of the composition of effective
anti-diffusion layers in manufacturing technologies, especially reliable thermoelectric
modules based on bismuth telluride. The established patterns of the relationship between
the parameters of chemical bonding and phase stability provide an optimized selection of
coating components, taking into account their diffusion inertness, electrical conductivity
and compatibility with the thermoelectric material and solder. The proposed approach to
the analysis of chemical bonding parameters can be used to optimize galvanic deposition
modes (electrolyte composition, concentration ratios of components, current density),
which ensures the formation of structurally homogeneous and thermally stable barrier
layers. This contributes to a decrease in contact electrical resistance, limitation of
interphase interaction and an increase in the service life of modules in long-term and cyclic
thermal modes. The results of the dissertation can be implemented in the design of
multilayer metal coatings for thermoelectric energy converters with increased thermal and
diffusion stability.

Keywords: semiconductor, thermoelectric materials, nanostructure, solid
solutions, tellurides, n- p- types, resistance, contacts, chemical bonding, binary
compounds, theoretical models, quantum laws, electron density, phase diagrams, matrix

method.
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