O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0518U000669
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 04-07-2018

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Babixxeupkuii Bononumup CraHiciaBoBUY

2. Babizhetskyy Volodymyr Stanislavovych
KBasmigikamis: k. x. 1., 02.00.01
InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: nokrop Hayk

AcnipaHTypa/JIOKTOpPaHTypa: Tak

OcBiTHBO-HayKOBa Mporpama 3i crneniajgbHOCTI: He 3acTocosyeTbcs

Jarta 3axucTy: 03-07-2018

CreniaJbHICTh 32 OCBITOIO: Ximis.

Micue po6otu 3n06yBaqa: JIpBiBCbKMII HalliOHA/IbHUI YHiBepcuTeT iMeHi IBaHa OpaHka

Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. VHiBepcureTchka 1, JIbBiB, JIpBiBCbKa 00651., 79000, YKpaina

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi Cleliaai3oBaHOi BY€HOI pagu): [l 35.051.10
IloBHe HalMeHYBaHHSI IOPHUAHUYHOI 0COOH: JIbBiBCHKUMIT HAL[IOHAIbHMI yHiBepcuTeT iMeHi IBana Gpanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHiBepcureTchKa 1, JIbBiB, JIbBiBCbKa 06:1., 79000, YKpaiHna

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0COOM: JILBiBCHLKMII HALliOHALHYI YHiIBEpCUTET iMeHi IBana Ppanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. VHiBepcureTchka 1, JIbBiB, JIbBiBCbKa 00651., 79000, YKpaina

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemMaTHYHHX PYyOPHK:

Tema gucepranii:
1. Kpucranoximis 60pokap6iziiB Ta 60pOCUILNUIB PiIKiCHO3€MeIbHUX MEeTaliB

2. Crystal chemistry of the rare-earth metal borocarbides and borosilicides

Pedepar:

1. Iuceprarifina po6oTa MprucBsIYeHa KPUCTaNoXiMii 60pokap6ifiB Ta 60poCHIinUAIB PiTKiCHO3EMETbHIUX METAIB.
3a pesysibTaTaMy poOOTHU BIIEpIIE BCTAHOBJIEHO B3a€MOJIiI0 KOMIIOHEHTIB i 100Yy0BaHO i30TEepMiuHi epepizu
Iiarpam cTaHy y IOBHOMY KOHIIEHTpaLiliHOMY iHTepBaJli 15 NOTPiiHUX CUCTEM, 110 MIiCTSThb PigKiCHO3eMeIbHUN
mertas, bop, Kap6on a6o Cuzniuiil. Y pe3ynbTaTi IPOBEEHOro aHaIi3y JiTepaTypHUX i OTPUMAaHUX HAMU IAHUX IIPO
B32€MO/Ii10 KOMIIOHEHTIB y NOTpiliHuX cuctemax R-B-C Ta R-B-Si BusiBI€eHO 3aKOHOMIPHOCTI Ta 0COGJINBOCTI
Oy[l0BU i30TE€pMiUHUX NepepisiB fgiarpam ctany. Y cucremax R-B-C 3HauHi BiIMiHHOCTI XapaKTepUCTUK XiMiYHUX
€JIEMEHTIB CIIPUSIIOTh YTBOPEHHIO CIIOJYK Ta HE CIPUSIIOTh YTBOPEHHIO TBEPIUX PO3YMHIB HA OCHOBI 6iHApHUX
CIIOJIyK i 06J1acTell rOoMOreHHOCT] TepHapHUX CIIoJyK. Ha nmpoTtusary no cuctem 3 Kap6oHoM, oTpiitHi cucremu M-
B-Si xapakTepu3yiTbCs YTBOPEHHAIM TBEPIUX PO3UYMUHIB 3HAYHOI IIPOTSKHOCTI Ta YTBOPEHHSIM HAICTPYKTYP. YCi
noTpinHi cucremu R-B-C niozisieHi Ha 4OTUPU IPYIN, 3aJIEKHO Bif] 3IaTHOCTI 4O YTBOPEHHS CIIOJIYK Ta CKJIAHOCTI
(a3oBux piBHOBAr. 3alIPOIIOHOBAHA CMCTEMATHU3ALlisl € OCHOBOIO IOIIYKY 60POKapo6ifiB i3 3agaHNMU

BJIACTMBOCTSIMU. MU cuHTe3yBasu 4 HOBI 6iHapHi criosyku Ta 116 HOBUX TepHApHUX 6OPOKapoOifiB Ta 60pOCUITILILIB,



17151 98 3 HUX BU3HAYMJIM KPUCTAJIYHY CTPYKTYpy. YIieplie po3mudpoBaHo i onucaHo 20 CTpyKTypHUX TUIIB. [Ipn
3aCTOCYBaHHI CUHTE3Y CII0JIYK 3 BUKOPUCTAaHHSAM (JIIOCY, OTPUMAHO HOBI CIIOJIYKHY, SIKi He BUSIBJIEH] I1py
3aCTOCYBaHHI IPSIMUX MeTOTiB cuHTe3y. Cepel, Hux BusiBieHo HOBi CT 6iHapHuX i TepHapHUX (6opo)cumninuzis P3M:
DysSil,7, Ho2BSi3, Er8B3Sil7, Yb9B3Sil4, Er18B6Si29, Er27B4Si45. [IpoBeneHO KpUCTaNIOXIMIYHUN aHami3 82
CTPYKTYPHHUX TUIIB, y SIKUX KPUCTAi3yI0TbCs 60POKap6inau Ta 60pocuniunay meTtanis. OCo6JMBY yBary NpuiieHo
BCTAHOBJICHHIO B3a€MO3B'3KiB MIDK apMCTOTUIIAMU i FeTOTUIIaMU CTPYKTYPHUX TUIIIB, yPaxXxOBYIOUH CIIiBBiJHOLIEHHS
rpyna-nigrpyna Mk npocTopoBumMu rpynamu. KpucranoxiMiyHUI aHali3 CTPyKTYPHUX TUILIB, IPOBEIEHUI Ha
OCHOBIi BeJINYVHU KOHLEHTpAllii BAJIEHTHUX €JIEKTPOHIB Ha aToM HemeTaiy (VEC), mokasas, 0 yCi KpUCTaliyHi
CTPYKTypHY T€pHAPHUX 60poKapbifiB i 6opocuiinyiB MeTamiB OinsaThCsl HA YOTUPU IPYNHU. AHasi3 MDKaTOMHUX
Bijasiell Ta KpaTHOCTI 3B'SI3Ky MiXK aTOMaMM y KPUCTaJIiYHUX CTPYKTypax croJyk cucteM M-B-{C,Si} BusiBus, 1o sk
aromu bopy, Tak i aTomu Kap60oHy yTBOPIOIOTh MiXX COOOI0 OIMHAPHI, TOJBiliHI Ta NOTPilHI 3B’13KNU. [I7151 aTOMiB
Cuzinio y CTpyKTypax BUSBJIEHI JIMIle OAVHAPHI Ta MOJBilHI 38'13Ku. [IpoBeieHo JOCiIKeHHS HallIPOBiIHOCTI ¥
Kap6inis P3M Ta nos’sa3aHo ii 3 IpUCyTHICTIO B iXHill KpucTasiuHiil cTpyKkTypi nap C2.V crniosiykax 3 MaJauM BMiCTOM
Kap6ony, ne npucyTHi sniie i3o0b0BaHi ioHM C4-, HAAIPOBINHICTh HE BUSIBJIEHA. 32 JAHUMU JOCJiI)K€Hb MAarHiTHAX
BJIACTUBOCTE HaMU BCTAHOBJIEHO, 110 NepeBaskHa Oi/IbIIICTh TEPHAPHUX 6OPOKAP6iziB Ta 6opocuinuais P3M npu
temneparypax Buile 50 K e napamaruernkamu Kropi-Baiica. [Ipy HxKunx Temneparypax BinoyBaloTecs ¢pepo-,
depu- abo aHTHPEepPOMarHiTHi ynopsaKyBaHHS. [IpoBeieHO OCIiI>KeHHS IMTOMOI TENIJIOEMHOCTI, MarHiTHUX Ta
€JIEKTPOTPAHCIIOPTHUX BJIIACTUBOCTEN CIIOJIYK i TPOaHaIi30BaHO B3a€MO3B'SI3KU BJIACTU-BOCTEN i3 KpUCTANIYHUMU
CTPYKTypaMu. 3arporoHOBAHA CUCTEMATU3allisl JO3BOJIsIE IEPe0aunTH KPUCTAJIIYHY CTPYKTYPY CIIOJIYKH Ta IJISIXU

BIIJINBY Ha ii BJIACTUBOCTI.

2. The manuscript highlights the crystal chemistry of the rare-earth metal borocarbides and borosilicides. For the
first time the data about interaction of boron, carbon, and silicon with the rare earth are summarized. Regularities
of the interaction were deduced from the analysis of the phase diagrams. All the phase equilibria observed can be
classified with respect to the chemical ability of the metal element to form binary borides, binary carbides and /or
ternary boron carbide compounds and the complexity of the phase equilibria. Contrary to the ternary systems with
carbon the existence of extended solid solutions were established in the M-B-Si systems. Four new binary and 116
new ternary compounds were synthesized and 98 of them were characterized structurally. Twenty new structure
types have been determined. Single crystals of binary and ternary rare-earth metal silicides and borosilicides were
also obtained by tin flux synthesis. Among them, six new structure types were established: DySil.7, Ho2BSi3,
Er8B3Sil7, Yb9B3Sil4, Erl8B6Si29, Er27B4Si45. Metal borocarbides and borosilicides crystallize in 82 structure
types, which description is presented in the manuscript. The work especially focuses on the group - subgroup and
arystotype — hettotype relations linked the space group theory with crystal chemistry. The symmetry reduction,
cell and atomic site transformation of the crystal structures were analyzed. Detailed analysis of electronic
structure calculations showed that the interaction between d-electrons of metal atoms and p-electrons of
nonmetal atoms highly affect on the bond order of covalent bonding. Based on the valence electron concentration,
all ternary borocarbides and borosilicides form four groups. In the first group with high metal concentration and
VEC > 6.5 single non-metal atoms fill voids in the subcell of metal atoms. If the VEC decrease to the range from 5.0
to 6.5, the covalently bonded B2-, C2- or Si2- pairs in the crystal structures of ternary rare earth borocrbides are
formed. In the small range of VEC from 5.0 to 5.61 for the second group of crystal structures, beside the single
carbon atoms and the BC2 groups, zigzag one-dimensional (B/C)o chains were observed. Two-dimensional planar
non-metal atom layer is composed of different boron and carbon atoms rings by decreasing of VEC to interval
4.25-4.80. These structures refer the third group. In the fourth group the covalently bonded non-metal atoms form
three-dimensional frameworks, in which the voids are filled with metal atoms. Ternary metal borocarbides and
borosilicides, having icosahedra B12 as an element of the framework, exist in the small VEC range from 3.10 to 3.28.
The rare earth borocarbides, which crystal structures contain one-dimensional chains composed from non-metal
atoms or BxCy groups exhibit metallic properties. In the majority of the series of isostructural compounds RxByCz
a ferromagnetic ordering at low temperatures was observed. The highest TC values were detected for Gd5B2C5
(130.0 K) and Tb15B4C14 (140.9 K). Only for four compounds a transition to the antiferromagnetic state was found:



Gd5B2C6 (26.9 K), Pr15B6C20 (8.0 K), Ce5B4C5 (5.0 K) and Tm4B3C4 (3.0 K). Magnetic properties of binary RxSiy
silicides showed that all of them are characterized by complex magnetic behavior and magnetic transformations
below 100 K. Two magnetically ordered transitions for each gadolinium silicide compound were determined: GdSi2
(TC =14 K, TN = 26 K), GdSi2-x (TC = 35 K, TN = 54 K), GdSi (TC = 78 K, TN = 54 K). Our study on the substitution of
boron atoms by silicon in binary borides RB2 (R = Dy, Ho) showed that the increase in the content of silicon leads
to a decrease in the values of TC and an increase in magneto-crystalline anisotropy. When boron atoms are
included in the binary silicides of the composition R5Si3 (R = Gd, Tb, Dy, Ho, Er) a ternary compounds of R5BxSi3
composition are formed. The boron inclusion changes the antiferromagnetic transitions and decreases the values
of op, except for the Er5BSi3 compound, for which the transition to the ferromagnetic state was observed at 14 K.
The maxima of the magnetic susceptibility of the ternary compounds R5B8Si2 (R = Tb, Dy) at TN = 45 and 28 K also
indicate an antiferromagnetic non-collinear arrangement of magnetic structures. For Gd5B8Si2 a ferromagnetic
transition at TC = 70 K was detected. According to studies of magnetic properties, the majority of ternary
borocarbides and borosilicides of rare earths at temperatures above 50 K follow a simple Curie-Weiss law. At lower
temperatures a crossover to ferro-, ferri- or antiferromagnetic state occurs. The results of specific heat capacity
and electrical resistivity measurements prove the types of magnetic ordering and preferable metallic character of
the investigated compounds. The proposed systematization allows predicting the crystal structure of the
compounds and the ways of influence on its properties.
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