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Pedepar:

1. B pucepTariiiiHiii po60Ti METOIOM KajJlopUMeTpil TOCimKeHi i po3paxoBaHi 3a BilOMUMU MOJIESIMU
TEPMOJMHAMIYHi BIaCTUBOCTI PO3IJIaBiB MOABIHUX Ta MOTPIHUX PO3IJIaBiB 6iCMYTY, IIIOMOYMY, TepMaHio 3
IesaKuMU JaHTaHoigamy, Al ta Cu. 17151 LinecnpsiMOBaHOrO BUOOPY JIETYIOYMX €JIEMEHTIB i ONTUMAJIBHOTO CKJIAZy
CILJIaBiB, @ TAKOXK 3 METOIO 3a6€311eYeHHs BUCOKOTO PiBHS BJIaCTUBOCTEH MaTePiasliB BUKOPUCTOBYIOTHCS SIK
IiarpaMy CTaHy CUCTEM, TaK i TepMOJMHAaMIiYHi BIaCTUBOCTI pidHUX {a3. Y BCTyIi 06roBOPIOETHCS HEOOXIIHICTh
IOCJIiI)K€HHS TEPMOJMHAMIYHMX BJIACTUBOCTEN PO3IIABIB 1IBO— Ta TPMKOMIIOHEHTHUX CUCTEM, 110 MicTsTh Bi, Pb
a6o Ge 3 nesgKuMU JlaHTaHoigamu (Ln), TOMy 1110 BOHU MTPOSIBJISIIOT TEPMOEJIEKTPUYHI, MarHiTHi, HamiB- Ta

HAJIIPOBIiJIHI BJIACTUBOCTI. TaKoX cepe HUX € JIeTKO— Ta TYrOIJIaBKi cIijiaBu. ToMy 717151 HAyKOBO OOIPYHTOBAHOT'O



OTPUMAaHHSI HOBUX MaTepiajiB Ta pO3pOOKM METOAIB MPOTHO3yBaHHSI TEPMOAVHAMIYHYX BJIACTUBOCTEN Pi3HUX (a3
BKa3aHUX CUCTEM HEOOXiZJHO 3HATH €HTaJIblii 3MillyBaHHS PO3ILJIaBiB, SIKi 4O L[bOr0 Yacy JOCIiIKeHi B 06MeKeHOMY
iHTepBaJi ckiaziB a60 He BU3HAUYEHI B3araji. B po3zini 1 BUKIaieHo Cy4yacHU CTaH AOCIiIKEHb TEPMOIMHAMIUYHNX
BJIACTMBOCTE! pO3IJIaBiB MOABIHUX CUCTEM, 110 MiCTATh Bi, Pb, Ge 3 naHTaHoigamu. [IpoBeeHO KpUTUYHUYN aHai3
TEPMOJVHAMIYHUX BJIACTUBOCTEN NOCII)KEHUX PI3HMMU aBTOPaMU PO3ILIABIB UUX cucTeM. [lokazaHo, o nepui
napujiajsbHi TepMOAMHAMIUHI BJIACTMBOCTI po3IiaBis cucteM Bi-Ln Ta Pb-Ln nociigkeHi B OCHOBHOMY METOZIOM
EPC npu 800-1000 K B o6;1acTi po3BeieHUX PO34MHIB 3 MajiuM BMicToM Ln. [IpudyomMy nepiui napuiaibHi
TE€PMOJIMHAMIYHI BJIACTUBOCTI PO3IIaBiB cucTeM Bi-Ln pisHUX pOO6IT B MeKaxX eKCIIePUMEHTAIbHUX [TOXUOOK
y3roIpKyI0ThCsl MK c06010. KpiM TOTO, pisHUMH BapiaHTaMU MeTOAY KaJIOpUMeTPii BUBHAUYEHO €HTaJIbIIil yTBOPEHHS
crionyk LnPb3 Ta inmux. Po3paxoBaHi TakoX TepMOXiMiuHi BlacTUBOCTI po3nasiB cucteM Bi(Pb)-Ln o mopesni
Mienemu, 3HaYEHHS SIKMX 3HAYHO MEHII €K30TE€PMivHi, Hi’K €HTasbIIii yTBOPEHHs MPOMKHUX (a3 LnnBim, sxi
3MiHIOThCS Big —100 0o -140 x>k /moib. B po3pini 2 onucaHi TeopeTruyHi 0CHOBU METOy KalopuMeTpii,
METOJUKY [TPOBEJI€HHSI eKCIIEPUMEHTIB Ta 06pOOKY pe3ysbTatiB. HaBeeHo cxeMy KaJlopuMeTPUYHOI KOMIpKY,
PIiBHSIHHS, 5IKi BUKOPHCOBYBINCD [IPY YUCEIbHO-aHAIITUYHIN 00pOO0Lli eKCIEPUMEHTAIBHUX JAHUX, IPUKJIAT
TepMidHOi KpUBOi. BiMiueHO repesary MeTony KajopuMeTpii. B po3aisi 3 mpencraBieHo onvc MO el igeanbHoro
acouiftoBaHOTO po3unHYy (IAP), IexiNbKOX «reoMeTpUYHUX» MOJesIell i «aHaliTuYHy» Mogiesb Pensixa —Kictepa —
Mynpkiany. BkazaHo nepesary i Hefl0J1iku KO>KHOI MOJieJli, HaBeieHO (POpMyJIH i cxeMU, HeOOXifiHi 1711 BUKOHAHHS
o64ucyeHsb. B po3aini 4 HaBegeHO pe3yJIbTaTH €KCIIEPUMEHTAJIbHUX | TEOPETUYHUX AOCHIIPKEHb BUBUEHUX
PO3I171aBiB NOABIMHYX i HOTPiliHUX cucTteM Bi-Ln (Ln=La, Ce, Pr, Eu, Tm) Bi-Cu-Eu, Pb-Eu(Yb), Eu-Ge i Al-Eu-Ge.
B nuceprTariiiiHiii po6oTi Briepiie BU3BHAY€HO TEPMOXiMidHi BJJaCTUBOCTI PO3IJIaBiB BKA3aHUX MOABINHUX i TOTPIMTHUX
CHCTEM B LIMPOKOMY iHTepBasli ckiazis npu 1200-1440 K. Briepiue BCTaHOBJIEHO, 10 MiHIMaJIbHI €HTaIbIIi]
3MillyBaHHS PO3IUIaBiB NOBiIHUX cucTteM Bi-La (Ce, Pr) e npu6an3Ho Takumu X, sk i AfH ¢a3 LnBi. EnTanbmii
3MilllyBaHHSI pO3ILIaBiB NoABiN HUX cucTteM Bi-Eu(Tm) € meHIn eK30TepMiuHUMY, BOHU B MiHIMyMi JJOPiBHIOIOTh
-61,5 i =75 x[I>k /Mosb BifnoBigHo. B po3zini 5 y3araibHeHO TEPMOXiMiyHi BIaCTUBOCTI PO3IJIABIB i CIIOJIYK CUCTEM
Bi(Sb)-Ln. 11i naHi npeacTaBieHO Ha 3aJI€KHOCTSX Pi3HUX BJIACTUBOCTEH BiJl IOPSIAKOBOrO HOMepa Ln.
BcraHOBII€HO, 110 BOHM 0OYMOBJIEHI B OCHOBHOMY PO3MipHUM (PakTOpPOM, a 1J1s1 PO3ILJIaBiB i criosyk cuctem Sb-Ln
BOHHU 06isIbIl €K30TepMiuHi. Briepie BcTaHOBJIEHI TepMOXiMiyHi BlacTUBOCTI NoABifHNUX cucteM Bi-La (Ce, Pr) B
IIMPOKOMY iHTEpBaJli CKJIaJiB IPEACTaBIJIEH] y BUIJISIAI 3aJIE5KHOCTEN Bif IOPSIKOBOro HoMepa Ln, 3 ypaxyBaHHSIM
nitepatypHux ganux. AfH i Tr. crionyk LnBi. IToni6Hi 3ay1e5kHOCTI TO6YA0BaHi i 17151 pi3HULP MOJIBHUX 006'eMiB
KOMITOHEHTiB. BUsIBUIIOCH, 110 1Ii 3ajIe>KHOCTI cumMbaTHI MK co6010. Lle BKasye Ha Te, 110 OCHOBHUI BHECOK B

eHeprio B3aeMogii MK pi3HOIMEHHMMHU aTOMaMU LJUX PO3IJIaBiB i CIIOJIYK CIIPUYMHSIETHCSI PO3MIPHUM (DAKTOPOM.

2. In the dissertation work, the thermodynamic properties of melts of binary and ternary melts of bismuth, lead,
germanium with some lanthanides, Al and Cu were investigated and calculated using known models using
calorimetry. For a targeted selection of alloying elements and the optimal composition of alloys, as well as to
ensure a high level of material properties, both phase diagrams of systems and thermodynamic properties of
different phases are used. The introduction discusses the need to study the thermodynamic properties of melts of
two- and three component systems containing Bi, Pb or Ge with some lanthanides (Ln), because they exhibit
thermoelectric, magnetic, semi- and superconducting properties. Also, among them are low-melting and
refractory alloys. Therefore, for scientifically substantiated obtaining of new materials and development of
methods of prediction of thermodynamic properties of different phases of the specified systems it is necessary to
know enthalpies of mixing of melts which up to now have been investigated in limited interval of compositions or
not determined at all. In section 1 the current state of research of thermodynamic properties of melts of binary
systems containing Bi, Pb, Ge with lanthanides is presented. A critical analysis of thermodynamic properties of
melts of these systems investigated by different authors is carried out. It is shown that the first partial
thermodynamic properties of melts of Bi-Ln and Pb-Ln systems were investigated mainly by EMF method at
800-1000 K in the range of dilute solutions with low content of Ln. Moreover, the first partial thermodynamic
properties of melts of Bi-Ln systems of different works agree with each other within the experimental errors. In
addition, the enthalpies of formation of compounds LnPb3 and others were determined by different variants of the



calorimetry method. The thermochemical properties of melts of Bi (Pb)-Ln systems were also calculated according
to the Miedema model, the values of which are much less exothermic than the enthalpies of formation of
intermediate phases LnnBim, which vary from -100 to -140 kJ /mol. A phase diagram was constructed for the
Eu-Ge system, the compound Eu5Ge3 was synthesized and its structure was established, information about the
phase diagram is limited and requires additional study. Therefore, it is necessary to study the integral and partial
enthalpies of mixing of melts of binary systems Bi (Pb)-Ln and Eu-Ge in a wide concentration range. Section 2
describes the theoretical foundations of the calorimetry method, the methodology for conducting experiments
and processing the results. A diagram of a calorimetric cell is given, the equations used in the numerical and
analytical processing of experimental data, and an example of a thermal curve. The advantages of the calorimetry
method are noted. Section 3 presents a description of the ideal associated solution (IAS) model, several
«geometric» models and the «analytical» Redlich-Kister-Mujian model. The advantages and disadvantages of each
model are indicated, and the formulas and schemes necessary for performing calculations are given. Section 4
presents the results of experimental and theoretical studies of the studied melts of the binary and ternary systems
Bi-Ln (Ln=La, Ce, Pr, Eu, Tm) Bi- Cu-Eu, Pb-Eu(Yb), Eu-Ge, and Al-Eu-Ge. In the dissertation work, the
thermochemical properties of melts of the specified binary and ternary systems in a wide range of compositions at
1200-1440 K were determined for the first time. It was first established that the minimum enthalpies of mixing of
melts of binary systems Bi-La (Ce, Pr) are approximately the same as AfH of the LnB phases. The enthalpies of
mixing of melts of binary systems Bi-Eu(Tm) are less exothermic, they are at a minimum equal to -61.5 and -75

kJ /mol, respectively. In section 5, the thermochemical properties of melts and compounds of the Bi (Sb)-Ln
systems are summarized. These data are presented in the dependences of various properties on the ordinal
number Ln. It is established that they are mainly due to the size factor, and for melts and compounds of the Sb-Ln
systems they are more exothermic. For the first time, the thermochemical properties of the binary systems Bi-La
(Ce, Pr) in a wide range of compositions are established in the form of dependences on the ordinal number Ln,
taking into account the literature data. AfH and Tpl. of LnBi compounds. Similar dependences are also constructed
for the differences in the molar volumes of the components. It turned out that these dependences are symbiotic
with each other. This indicates that the main contribution to the interaction energy between dissimilar atoms of
these melts and compounds is caused by the size factor.
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