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Pedepar:

1. lucepranis npucBsA4YeHa €KCIIEPMMEHTAIILHOMY JOCIIIIKEHHIO XIMIYHOI B3a€MO/Iii KOMIIOHEHTIB Y IIOTPIMHUX
cucremax Gd-{Si,Ge}-{Sn,Sb}, BcraHOBsI€HHIO (a30BUX PiBHOBAT Ta NOOYAOBI i30T€PMiUYHUX Nepepi3iB Aiarpam
crany npu 600°C, cuHTE3y Ta BUBHAYEHHIO KPUCTAJIIYHOI CTPYKTYPH CIIOJNYK, SIKi B HUX YTBOPIOIOTLCS, i BUBEIEHHIO
iXHIX KPUCTaNIOXiMIYHNAX 3aKOHOMIpPHOCTEN. 34iICHEHO CUCTEMATH3ALIiI0 Ta aHaIi3 JIiTepaTyPHUX BilOMOCTEN IIPO
KOMIIOHEHTHU JIOCJIiI)KYBaHUX CUCTEM, JliarpaMy CTaHy nopsiiiHux cuctem Gd-{Si,Ge,Sn,Sb} i {Si,Ge}-{Sn,Sb} ra
notpiiinux cucrem P3M-Si-Ge i PBM-{Si,Ge}-{Sn,Sb,Bi}, a Takox Ipo KpUCTali4Hi CTPYKTypH CIOJIYK, 110 B HUX
YTBOPIOIOThECS. 3p06JIeHO BiATIOBiHI BUCHOBKY i CIIPOrHO30BaHO MOXJIMBUI XapaKTep B3a€MO/Iii KOMIIOHEHTIB y
cucremax Gd-{Si,Ge}-{Sn,Sb}. EnexTponyrosum CnjaB/sHHSIM i IOJalblIMM FOMOreHi3ylounM Binnanom npu 600°C
CHHTE30BaHO 32 IBOKOMIIOHEHTHI Ta 167 TPUKOMIIOHEHTHUX CIIaBiB noTpiiiHux cucrem Gd-{Si,Ge}-{Sn,Sb}, a
TaKOX TPM CIUIABU y CIIOPigHEHIN NOTPiNHIN cucteMi La-Ge-Bi. fIK BUXifHi KOMIIOHEHTU BUKOPUCTAIM KOMIIAKTHI

npocTi pedoBuHU. PazoBuil CKIIAL CIIJIABIB Ta KPUCTAJIIYHI CTPYKTYPH iHAUBIIyanbHUX Qa3 BU3HAYEHO



PEHTreHiBCbKAM (PAa30BUM Ta CTPYKTYPHUM aHajli3amy (METOJ OPOLIKY) 32 MaCMBaMU IUQPPaKLiHUX JAHUX,
oTpumanux Ha pudpakromerpax STOE Stadi P (mpominus Cu Kaol) i IPOH-2.0M (npominns Fe Kn). BctanoBneHHS
KiJIbKICHOTO €JIEMEHTHOTO CKJIaly iHAuBinyanbHUX a3 3/iICHEHO METOIaMU CKaHYI04Oi €JIEKTPOHHOI MIKpPOCKOITil
Ta JIOKJIBHOTO €HEeProJIUCIEPCITHOTO PEHTTE€HIBCBKOTIO CIIEKTPAJIBHOTO aHali3y (CKaHYIOYUI €JIEKTPOHHNN
Mmikpockort Tescan Vega 3 LMU 3 nBomMa feTeKTOpaMu (BTOPVHHUX €JIEKTPOHIB i 3BOPOTHO PO3CiSIHUX €JIEKTPOHIB) i
€HeproJucnepciiiHum peHTreHiBcbkum aHasnizatopom Oxford Instruments Aztec ONE 3 getekropom X-MaxN20 i
pacTpoBull e1eKTpOHHUN Mikpockorlt PEMMA-102-02 3 eHeproucepCciiHuM PEHTI€HIBCbKUM CIIEKTPOMETPOM
EJIAP). V pe3ysbTaTi €KClIepUMEHTAIbHUX AOCJIIIPKEHb BIIEPIIE BU3HAYEHO (PA30Bi piBHOBAru Ta NoodyA0BaHO
isoTepmivHi nepepisu miarpam ctany cucrem Gd-{Si,Ge}-{Sn,Sb} npu 600°C y noBHMX KOHIIEHTPaL[iltHUX
iHTepBasax. BCcTaHOBJIEHO iCHYBaHHS 9 TEPHAPHUX CIIOJIYK. Y CIIOpigHEHiN cucteMi La-Ge-Bi cuHTe30BaHO OfHY
HOBY TEPHAPHY CIOJIYKY. [lJ1s1 BCiX CUHT€30BaHUX TEPHAPHUX CIOJYK BU3HAYEHO NapaMeTPU KPUCTAIIYHUX
CTPYKTYyp. BcranoBneHo oco6amBoCTi B3aemogii komnoHeHTiB y cuctemax Gd—{Si,Ge}-{Sn,Sb}, 3xificueHo
MOPIiBHSIHHS CUCTEM MiXX CO00I0 Ta 3i CIIOPifHEHUMHU MOTPINHUMU CUCTEMaMU Ta BUBEJEHO KPUCTAJIOXIMiYHi
3aKOHOMIPHOCTI TEpPHApPHUX CIIOJIYK. [30TepMiuHi nepepisu Aiarpam CTaHy YOTUPbOX AOCJIIPKEHNUX CUCTEM NOJiOHI B
ob71acTsax, 6araTyx Ha rafoJliHil, i BiIPI3HIIOTHCSA MK COO0I0 y 06J1aCTSIX 3 HEBEJIMKUM BMICTOM rafioiHio.
Po34uHHICTh TPETHOrO KOMIIOHEHTA Y 6GiHAPHUX CIIOJIyKaX, @ TaKOK 06JIaCTi TOMOT€HHOCTI TEPHAPHUX CITOJIYK €
OiZbIIMMU B YaCTUHAX CUCTEM, OaraTvx Ha I'afjoJliHiil. ¥ cucremax 3 Ge yTBOPIOEThCS Oislbllia KiJIbKiCTh TEPHAPHUX
CroJlyK (6) y nopiBHsiHHI 3 cuctemamu 3 Si (3), a y cuctemax 3i Sb - 6inblie TepHapHUX CNIOMYK (5), TOPIBHSHO 3
cucremamu 3i Sn (4). Ck1aiy TEPHAPHUX CITOJIYK 3HAXOJSTBCS Y BiTHOCHO HEBEJIMKOMY KOHLIEHTPALiHHOMY
inTepBai - 27-58 aT.% Gd, a ixHi KpUCTaIiyHi CTPYKTYpU Hajle>XaTh 10 7 CTPYKTYPHUX TuMniB. Kpucraniyhi
CTPYKTypHu 8 TepHAapHUX cniosyK cucreM Gd—-{Si,Ge}-{Sn,Sb} HanexxaTb 10 pOMGIYHOI CHHIOHII i JIMIIE CTPYKTypa
crionyku Gd5Si0,62Sn3 HaseXUTh 10 reKCaroHajabHOI CUHTOHil. [yt TepHapHux crnionyk cucrem Gd-{Si,Ge}-{Sn,Sb}
MIPOCTEXXYEThCS TEHIEHILiS 1O BIIOPSAAKYBaHHS Pi3HUX COPTIB aTOMIB. ¥ CTPYKTypax TEPHAPHUX CIIOJIYK CUCTEM
Gd-{Si,Ge}-{Sn,Sb} aromu HaiimeH1IOro po3mipy (Si uu Ge) xapakTepu3yIThCs IBOMA TUIIAMU KOOPAUHALITHUX
MHOTOTPaHHMKIB: TPUTOHAJIbHUMY NTPM3MaMU i OKTaelpaMy (TPUTOHAJIbHMMUY aHTUTNIpU3MamMu). KpucrasiyHi
CTPYKTypu TepHapHUx cnoyyk Gd2Ge3,845n0,92, Gd2Ge2,91Sn0,80, Gd2Ge3,285b0,65 i La2Ge3,03Bi0,81
XapaKTepU3yIThCsl YACTKOBUM HEBIIOPSIKyBaHHSAM aToMiB Ge i Sn, Sb un Bi B okpeMux npaBubHUX CUCTEMAX
TOYOK, @ TaKOXX MO3ULIMIHUM HEBIOPSAKYBaHHIM aTOMiB Ge, 3MOJ1e/IbOBAaHUM PO3LIEIJIEHHIM N103uLil. CTpyKTypU
CIIOJIYK € IPEICTaBHUKAMMU CEPill JIiHINHNX HEOQHOPITHUX CTPYKTYP, I0OYIOBAHUX 3POLIEHHSIM (PParMeHTiB
IIPOCTUX CTPYKTYpHuUX TUIiB: (3AIB2|CaF2|Po|CaF2)2 - Gd2Ge3,845n0,92; (3A1B2|2CaF2)2 - Gd2Ge2,91Sn0,80,
Gd2Ge3,285b0,65 i La2Ge3,03Bi0,81. Kpucraniuna cTpykrypa TepHapHoi cnionyku GdGe0,85-0,755n1,15-1,25
HaJIEXKUTh 10 TOMOJIOTIYHOI cepii JIiHITHUX HEOQHOPITHUX CTPYKTYP, I0OYAOBAaHUX 3POLIEHHSIM (PParMeHTIB
cTpykTypHux tTuMniB AlB2 i CaF2, mo ueprytorbcs y nocaigoBHocTi (AlB2|2CaF2)2. ¥ cucremax Gd-{Si,Ge}-{Sn,Sb}
npu 600°C Ha i30KOHIeHTpaTax 55,6 aT.% Gd icHy1oTb 6iHapHi i TepHapHi gaszu Gd5(M1-xM'x)4 (M = Si, Ge; M" = Sn,
Sb), CTPYKTypH SIKUX HaJIeXKaTh [0 CIIOPifHEHUX CTPYKTypHUX TUMiB Gd5Si4, Sm5Ge4, Eu5As4. ITpu 36inbiieHHi
BMICTy aToMiB Sn uu Sb, CTPYKTypHi TN peasizyloTbcs y Takomy nopsiaky: Gd5Si4 - Sm5Ge4 - EuSAs4.
Kpucraniyna ctpykrypa TepHapsoi cnonyku Gd5Si0,62Sn3 xapakTepusyeThCsl BIIOPSAKOBAHUM PO3TAIlyBaHHIM

ycix copTiB aToMiB i T06y10BaHa TPUBUMIPHOIO YKJIa[IKOI okTaenpis SiGd6 i GASn6.

2. The dissertation is devoted to an experimental investigation of the chemical interaction of the components in
the ternary systems Gd-{Si,Ge}-{Sn,Sb}, establishment of the phase equilibria and construction of the isothermal
sections of the phase diagrams at 600°C, synthesis and determination of the crystal structures of the compounds
that form in these systems, and derivation of crystal-chemical regularities. The literature available on the phase
diagrams of the binary systems Gd-{Si,Ge,Sn,Sb} and {Si,Ge}-{Sn,Sb} and the ternary systems R-Si-Ge and
R-{Si,Ge}-{Sn,Sb,Bi}, and on the crystal structures of compounds in these systems was compiled and analyzed.
Conclusions were drawn and possible aspects of the interaction of the components in the systems
Gd-{Si,Ge}-{Sn,Sb} were predicted. 32 two-component and 167 three-component alloys of the ternary systems
Gd-{Si,Ge}-{Sn,Sb}, and three alloys in the related ternary system La-Ge-Bi, were synthesized by arc melting, and
annealed at 600°C. Chemical elements in the form of pieces were used as starting materials. The phase



composition of the alloys and the crystal structures of the individual phases were determined by X-ray powder
diffraction, using patterns obtained on diffractometers STOE Stadi P (radiation Cu Knol) and DRON-2.0M (radiation
Fe Ko). The quantitative elemental composition of individual phases was analyzed by scanning electron microscopy
and local energy-dispersive X-ray spectroscopy (scanning electron microscope Tescan Vega 3 LMU with two
detectors (secondary electrons and back-scattered electrons), and an energy-dispersive X-ray analyzer Oxford
Instruments Aztec ONE with the detector X-MaxN20, and a raster electron microscope REMMA-102-02 with an
energy-dispersive X-ray spectrometer EDAR). Based on the experimental results, the phase equilibria at 600°C
were determined for the first time and isothermal sections of the phase diagrams of the Gd-{Si,Ge}-{Sn,Sb}
systems in the whole concentration region were constructed. The existence of 9 ternary compounds was
established. A new ternary compound was synthesized in the related La-Ge-Bi system. The complete crystal
structures were determined for all ternary compounds. The main features of the interaction of the components in
the systems Gd-{Si,Ge}-{Sn,Sb} were established, the systems were compared with each other and with related
ternary systems, and crystal-chemical regularities of the ternary compounds were deduced. The isothermal
sections of the phase diagrams of the studied systems are similar in the Gd-rich region but differ from each other
in the Gd-poor regions. The solubility of the third component in the binary compounds and the homogeneity
ranges of the ternary compounds, are larger in the Gd-rich region of the systems. More ternary compounds are
formed in the systems with Ge (6) than in the systems with Si (3), and more ternary compounds are formed in the
systems with Sb (5) than in the systems with Sn (4). The compositions of the ternary compounds cover a relatively
narrow concentration range, 27-58 at.% Gd, and their crystal structures belong to 7 structure types. The crystal
structures of 8 ternary compounds of the Gd—{Si,Ge}-{Sn,Sb} systems have orthorhombic symmetry, and only the
structure of the compound Gd5Si0.62Sn3 has hexagonal symmetry. A tendency to ordering of the different
chemical elements is observed. In the structures of the ternary compounds of the systems Gd-{Si,Ge}-{Sn,Sb}, the
smallest atoms (Si or Ge) are characterized by two types of coordination polyhedron: trigonal prisms and
octahedra (trigonal antiprisms). The crystal structures of the ternary compounds Gd2Ge3.845n0.92,
Gd2Ge2.91Sn0.80, Gd2Ge3.285b0.65, and La2Ge3.03Bi0.81 are characterized by partial disorder of Ge and Sn, Sb,
or Bi atoms on particular atom sites, as well as by positional disorder of Ge atoms, which was modeled by split
positions. The structures of the compounds belong to homologous series of linear intergrowth structures built by
the intergrowth of slabs characteristic of simple structure types: (3AIB2|CaF2|Po|CaF2)2 for Gd2Ge3.84Sn0.92, and
(3AIB2|2CaF2)2 for Gd2Ge2.91Sn0.80, Gd2Ge3.285b0.65, and La2Ge3.03Bi0.81. The crystal structure of the ternary
compound GdGe0.85-0.755n1.15-1.25 belongs to the homologous series of linear intergrowth structures combining
fragments (AlB2|2CaF2)2. Several binary and ternary phases of the general formula Gd5(M1-xM'x)4 (M = Si, Ge; M" =
Sn, Sb) exist along the isoconcentrate of 55.6 at.% Gd in the systems Gd-{Si,Ge}-{Sn,Sb} at 600°C. The structures
belong to the related structure types Gd5Si4, Sm5Ge4, and Eu5As4. When the content of Sn or Sb increases, the
structure types are adopted in the following order: Gd5Si4 - Sm5Ge4 - Eub5As4. The crystal structure of the
ternary compound Gd5Si0.62Sn3 is characterized by an ordered arrangement of the chemical elements and is built
by a three-dimensional arrangement of SiGd6 and GdSn6 octahedra.
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