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1. Onuc cTabiNIbHOCTI KPUCTANIIYHOI CTPYKTYPU CKJIAIHUX KPUCTAJIB Ta MOZJEJIbHI PO3PaxyHKU gucnepcii ix

(pOHOHHUX CHIEKTPiB

2. Description of stability of the crystal structures of the complex crystals and model calculations of the
dispersions of their phonon spectra

Pedepar:

1. Inceprauiiina po60Ta NpUCBSIYEHA JOCTIIXEHHIO TapaMeTPiB CTIMKOCTi KpUCTAJIIYHOI CTPYKTYpHU B paMKax
Mozesi 3B's13K0B0i BajsleHTHOCTi (M3B), a Tako>X MoZie/IbHUM PO3paxyHKaMm nucrepcii poHOHIB: cynepioHika
Cu6PS5Br, candipy (kopyHzy) 0-Al203, xkBazidyneputis C30 i C42, nipoxyopis 3 crexiomeTpieto A2B2X6Y ta 60pHUX
aHrigpuzis B203. Briepie po3po6JsieHO 1Bi pO3paxyHKOBi cxemu Ha 6a3i M3B 1151 NporHo3yBaHHS ileanbHUX
OKCHJIHUX MIPOXJIOPHUX CTPYKTYp Tuity A2B2X6Y. [IpoaHasnizoBaHi Ha KpUCTANIYHY CTIIKICTh CTPYKTypU O6yIn
NIOKJIaJIeHi B OCHOBY TIIOOYIOBY MOJEJIEN [1JIs1 PO3PAXyHKY iX OZJHOYaCTUHKOBHUX CIIEKTPiB. Po3paxyHOK
IVCIIePCIMHUX 3aJ1eKHOCTEN (DOHOHIB LIMX CTPYKTYP NNPOBOAMBCS B KOHLEINLiI HANIIPOCTOPOBOI CUMETPIi, sIKa
BUKOPUCTOBYBAJAcCh 1181 100yN0BY ix (3+d)-MipHUX Mogesel, 6a3yl041Ch HA METPULLi IPOTOKPUCTAIY, sIKa

yCKJIa[IHIOBasacs 30yIPKEHHSIMU pi3HOro Tumy. Ha nepumomy ertani BU3Hayanaocs MacoBe 30ypeHHs, SKe 3abe3rnedye



aIEKBAaTHUM PO3IOLiJl MACOBUX XapaKTEPUCTUK; IIPU LIbOMY YTBOPEHE CUJIOBE I10J1€ MIXKaTOMHOI B3aeMO[ii
33/1aBaJjIoCs 3aJIeKHUM TiIbKY Bif Bingami — r0. Onuc mozesiel BCix CTPYKTyp 3BOAUBCS 1O OOYI0BU CYKYITHOCTEN
BEKTOPIiB MOyJISLii, BU3HAYEHHsI MaCOBUX MOIYJISLIMHUX PYHKLIi, POpMyBaHHS y3arajabHEHOI TUHAMIYHO]
MaTpHulli, K CyNeprno3ullii IMHAMIYHMX MaTPULb OJHOATOMHUX CTPYKTYP, a BJIaCHi 3HaY€HHS JUCIEePCIHUX
3aJIE)KHOCTEN OJHOYACTUHKOBUX 30ypeHb OTPUMaHi Ha BUCOKOCMMETPUYHUX HaIpPsIMKax 30HU BpinsoeHa.
Po3pobeHe rnporpaMHe 3a6e31€4eHHs JJO3BOJIUIIO PO3PaxyBaTU POHOHHI CIIEKTPHU [J151 PO3IJIsyBaHUX KPUCTAJIIB.
J7151 BCiX HOCTiIKYBaHUX CTPYKTYP OJep>KaHO PO3KJIaJ, KOJIMBHOTO 300paXKEHHS Ha HE3BiJIHI 300pakeHHs B Toulji [
30HU Bpinmoena. ins kpucranis cynepionika Cu6PS5Br 6ys10 nposeseHo ab initio po3paxyHKU €1eKTPOHHUX

CIIEKTPIB Pi3HUX MOJEJIBHUX CTPYKTYP.

2. The thesis is devoted to the investigation of the stability parameters of the crystal structures within the
framework of the bond valence model (BVM), and also to the model calculations of the dispersions of the phonons
for the superionic materials Cu6PS5Br, sapphire o0-Al203, quasi-fullerites C30 and C42, pyrochlores of the A2B2X6Y
stoichiometry, and boric anhydrides B203. For the first time, the two BVM-based calculation schemes have been
developed for predicting the structures of the ideal A2B2X6Y oxide pyrochlores. The structures examined for
stability were then used as a basis for the models in calculations of their single-particle spectra. The calculations of
the dispersion dependences of phonons of these structures were carried out within the framework of the
superspace symmetry concept which has been used for building of their (3+d)-dimension models, based on the
protocrystal metrics complicated by perturbations of different types. As a first step, the mass perturbation has
been determined, providing the adequate distribution of the mass parameters; the obtained force field of
interatomic interaction was taken to be dependent solely on the distance r0. The description of the models of all
the structures was reduced to the construction of the proper sets of modulation vectors, the definition of the mass
modulation function, the construction of the generalized dynamic matrix taken as the superposition of the
dynamic matrixes of single-atom structures; the eigenvalues of the dispersion dependences of the single-particle
perturbations were obtained for the high-symmetry directions of the Brillouin zone. The developed software
allowed one to calculate the phonon spectra for the considered crystals. For all the investigated structures, the
vibrational representations have been decomposed into the irreducible representations at the o point of the
Brillouin zone. For the superionic Cu6PS5Br crystals, ab initio calculations of electronic spectra of different model
structures have been performed.
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