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OIINC 1 POHOHHI CIIEKTPU KPUCTAJIIB
THUITY Cu;GeSsl

PosrnsayTa KprcTaniyHa cTpykrypa tumy Cu;GeS51 i mpoBeneHo i HaampocTopoBHiA

OITKC, PO3MIIANAIOYM OCTAHHIO SK NMPUPOAHY Hanrparky. IIpuseneHo nosuuii (3+3)-

MipHHI 0a3uc, CyKYITHICTh BEKTOPiB MOYJISIIIT Ta MACOBUX MOMYJISLIHHUX (DYHKIIIH.

[TpoBeneHno po3paxyHoK aucrepcii (POHOHHOTO CIIEKTPY, HaBEACHO IHMCHEpCiliHi

3aJIe)KHOCTI POHOHHOTO CIIEKTPY Y BUCOKOCHMeTprIHHUX HanpsMkax ([ - X - M —R

— T — M) 30nu Bpimmoena kpucrany Cu7GeS5l.

Kirw4oBi cjioBa: apripouty, KpUCTaIiuHa CTPYKTypa, HaarpaTka, HaIlIpoCTOPOBa

cumetpis, GoHOHHHUH criekTp, Maple.

Beryn

CymnepionHi MIPOBITHUKH

(CIIT)
YCIIIIHO BUKOPUCTOBYIOThCS JIsi PO3POOKHU

[1],

BHUCOKOTEMIIEpaTypHUX HarpiBHUX €J1EMEHTIB
[2],

aBTOMATHYHOI po3roptkoro i T.1a. [3]. Kpim

10HHO-CEJIEKTUBHUX €JIeKTPO/IIB

IHTErpaTopis, reHepaTopiB 3
TOTO, 3AJMIIAIOTHCS AKTYaJIbHUMH PO3POOKH,
HampaBJIeHI Ha IIOKpalIeHHS MapaMeTpiB

AKyMYJIATOPHUX Oatepei, MATMBHUX

IHIIUX
[1-5].

[Totenmiiino nepcnexktuBauMu CIIT € pi3Hi

KOMIPOK, Ta30BUX CEHCOpIB Ta

eJIEKTPOXIMIUYHUX IIPUCTPOIB

23

MpEJICTaBHUKU  CIMEWCcTBa  apripojMTiB,
BrTrovatoun  cronyky CurGeSsl, monerro-
BaHHS W JAOCIIUKEHHS BIIACTHMBOCTEM SKO1

JISITJIM B OCHOBY J1aHO1 pOoOOTH.

Kpucraniyna cTpykTypa cnoJjiyku

Cu7GeSsl

JlocniaKeHHs: KpUCTaIIYHOI CTPYKTYpPH

BHUCOKOTeMIeparypuoi  ¢asu CITOJTYKH
Cu7GeSsl 6yno posmogarto y poboti [6], ne
HaABEJIEHO MMapaMeTpu IPaTKH, KOOPIHHATH
aTOMIB, 3acCeJIeHICTh, KyTH 1 BIJACTaHI, IO
XapaKTePU3yIOTh

PO3MIILIIEHHS aTOMIB Yy
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KpUCTAJIIYHINA TpaTili. AHa3 KpUCTATIYHOT
CTPYKTYpHU CiMeHcTBa apripoJnuTy BKa3ye Ha
3HAYHY 3MiHY 3aCeeHOCTI pany
KpucTajgorpadiuHuX MO3HUIIIN.

V poborax [7, 8] mns pospaxynky
3HAYCHb

CugPSsBr

(GOHOHHMX  YacToT  KpucCTaxy

Oyna BUOpaHa MOJIETIb
KPUCTAJIIUYHOI CTPYKTYpH 13 JEAKOIO0 3MiHOIO
KOOpJIMHAT aToOMiB 1 iX 3acelieHOCTi, IO

INpUBOJUTL OCTAaHHIO 0

CTPYKTYpH 3
NPUPOIHBOI0  HAATPATKOID 1  HYJIHOBOIO
3acenenictio nmo3uiii Cu(2), (Bci kpucramivxi
no3HMIiT Mojienti mpuBesieHi B Tabnuii 1). Taka

MOACIb KpI/ICTaJIi‘IHOI CTPYKTYpHU OO3BOJINJTIA

a1=(a, a 0 ,ysb, -1b, 0);
a2=(a,0 ,a,-18b,0, -1/8b);
az=(a, a,0,0,b, -1/8b,1/8b);
a4=(0,0,0,0,b,b);
a5=(0,0,0,b,0,b);
a6=(0,0,0,b ,b,0).

BukopucroBytoun 6aszucu (1), Oynu 3

TeHepoBaHi  CykymHOCTi 512  mosumiit
HaarpaTku Ta 512 BexTopiB MomyIALii (i

Jlnist TpUBUMIPHOT MTPOEKIiT CTPYKTYpH:

L G
M(,0) = ) pi(q,0) ) elf@m™
=1 m=1

ne M (n, 0) — maca atoma B mos3uiii n, (An =
0), | — 3anae Homep 3ipkH, L = KifbKiCTh 3ipOK,
I"n — HOMep BekTopa 3ipku, G —po3MIipHICTH
3ipku .

Lle n03BOJISIE 3aMCaTH CHCTEMY PIBHSHB

24

MPOBECTH PO3PAaXyHKH METOJOM ab initio
3HaueHb (POHOHHMX wacToT B Toumi I [7] i
JUCTIEPCIMHUX ~ 3aJIKHOCTEH  (DOHOHHOTO
CHEKTpy 110 30H1 bpimtoena [8].

Taka MozIeb KPUCTATIYHOI CTPYKTYPH,
cmayroun [8-11], moxxe Oyru ommcana, SK
OKYMNaIiifHO-MOAYJIbOBaHa TPaHELEHTPOBAaHA
Iray) ((8a,8a,0),

(8a,8a,0)).

KyOiuHa

(8a,0,8a),

HaArpaTka

s

Bukopucraemo (3+3) - MipHHI TpocTip 3

LILOT'O

0azrcamMu IpsIMOTO 1 0OEPHEHOTO TPOCTOPY B
metpuili rpanenerrposanoi (I'IK) ((a, a.0),
(a,0,a), (a, a,0)):

ar*=(- n/a ,/a,n/a,0,0,0);

ax*=(w/a,- w/a ,n/a,0,0,0);

az*=(n/a,n/a,- /a,0,0,0);
as*=(-1/8x/a,1/8n/a,118,x/a,-n/0,n/b,/b);
as*=(1/8xn/a,-118x/a,118x/a,/b,-n/b,/b);
ae*=(1/8 n/a,1/8 n/a,-1/8x/a,n/b,/b,-n/b ).

(1)

JUIS. BU3HAUCHHS aMILTTY (yHKIIi MacoBoi
Moyt pi (Qi ,b*) [8].

Jucnepciiini KpuBi (POHOHHHX CIIEKTPIB
CKJIaMHUX KPHUCTATIB BU3HAYAIOTBCS  SIK
PO3B'SI3KM MATPUYHOTO PIBHSHHS MpPHU YMOBI

piBHOCTI HYIIO BU3HauHHKa [8,13]:

Do (k+a;) - 0)250435”' _a’zp(i—j)5aﬁ =0(3)

ne Dag(k+0i)) — ngumamiumi  marpumi
oxHoaromuoro I'IIK KpucCTaly, BU3HAueHi y

K+qi Tourti 3081 Bpinmoena (i = 1, 2,..., 512)
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srigno [8,132]:

Daﬂ(k+qi)= s ap (n20) Na nﬂ(l— ol(K +0i )n) 4)

a, f— X, Y, Z, K — xBunboBuil BeKTOp, (i —

BekTOpu Moayiswii, p; (Qi, b*) ammmityan
GyHKIII MacoBOi MOIYJAMIT 3amaHi I
MOJYJIALIMHUX BEKTOPiB (i —(Jj @ 0n CHIIOBA
nocriitHa Mix 0 1 n cycimom, Ny, Ng— MNPOEKIil

BeKTOpa N Ha oci a, f.

Taoauus 1.

Kpucranorpadiuni mosuwii aromis y Mozeni kpucranignoi crpykrypu CuzGeSsl

3acesenictTs
Koopaunaru
3acesienicTb 3riqHo
ATom Koopaunatu 3riqno [6] 3rilHO HALIOI
3rigHo [6] HAIIOT
podoTu
podoTu
Cul 0.77(1) (0.0246(1), 0.25, y) (0,1/4,y) 1
Cu2 0.197(6) | (-0.011(1), 0.1762(8), y) 0
S1 1 (0.6265(2), x, X) (5/8,x,X) 1
12 0.055(6) (0.25, X, X) (1/2,%,X) 0
S2 0.945 (0.25, X, X) (1/2,x,X) 1
13 0.947(9) 0, x, x) (0,x,x) 1
S3 0.053 (0, X, X) 0
Ge 1 (0, 0.5, X) 1
Cu2q (0.0116, 0.1917, ) (0,3/16,y) 1/12
BucHoBku PamaniBcekoro po3scitoBanHsi cBiTia. IIpo

Po3paxyHok (OHOHHHX CHEKTpiB
MIPOBOJIMBCSL B MPOTPAMHOMY CEPEOBHMIII
Maple. Po3paxoBani 3HaueHHs (POHOHHUX
gactor B Toumi [ 3oHm bBpimmoena
3aJI0BLTHHO CHIBIA/IAI0Th 3
eKCIIEPUMEHTATbHUMH JTAHUMH,

OTPUMAHUMH 3a pe3yjbTaTaM AOCTIIKEHb

25

e CBIIYUTH MOPIBHSAHHS
eKCIIEPUMEHTAIbHUX Ta PO3PaXyHKOBHUX
YaCTOT BHCOKOYACTOTHHX Moj (408 cmt -
excriepumenT Ta 418 cm! - pospaxyHOK,
317 emti 269 cm? - exciepument Ta 312
em?t i 268 cm? - pospaxyHok). Cuiosi
MOCTIHI BUOMpaUCi B MeXax JECATKIB

H/m.
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OININCAHUE U ®POHOHHBIE CIIEKTPBI KPUCTAJIJIOB
TUIIA Cu;GeSsl

Paccmotpena  kpucramwimueckas —crpyktypa Cur;GeSsI  u mpoBemeHo  ee
HaJIIPOCTPAaHCTBEHHOE OIMCAHWE, paccMaTpHBasi IOCIEIHIOI KaK €CTECTBEHHYIO
cBepxpemietky. [lpuBemensl momHbeld (3 + 3) -MepHBIH 0a3uC, COBOKYITHOCTh
BEKTOPOB MOJYJSIMH M MacCOBBIX MOIYJAIHOHHBIX (pyHKumi. IIpoBenen pacuer
qucriepcud  ()OHOHHOTO — CHEKTpa, MOJYyYeHbl IUCTICPCHOHHBIE 3aBUCHMOCTH
(hOHOHHOTO crieKTpa B BhICOKOcUMMeTprueckux HampapieHusx (I'- X -M-R-T -
M) 30nb1 bpwimioena kpucramia Cu;GeSsl.

KiroueBble cjioBa: aprupoauThl, KpUCTAUIMYECKast CTPYKTYpa, CBEpXpeIéTKa, HaJl

MPOCTPAaHCTBEHHAsi CUMMETpHs, pOHOHHBIN criekTp, Maple.

A.F. Katanytsia, I.I. Nebola, I.P. Studenyak
Uzhhorod National University, 88000, Uzhhorod, Voloshin Str., 54

DESCRIPTION AND THE BASIC SPECTRUM
OF TYPE CRYSTALS Cu7GeSs|

The crystalline structure of the Cu;GeSsl type is considered and its supra-spatial
description is described, considering the latter as a natural superlattice. The complete
(3 + 3) -mean basis, a set of modulation vectors and mass modulation functions are
given. The dispersion of the phonon spectrum is calculated, and the dispersion
dependences of the phonon spectrum in highly symmetric directions (G- X-M-R -
I" - M) of the Brillouin zone of the given crystal.

Key words: argygoid, crystalline structure, superposition, over spatial symmetry,
phonon spectrum, Maple.

Introduction: The compound Cu;GeSsl relates to a large family of complex

27
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chalcogenides, which crystallize in the structures of argillaceites. At ambient
temperature, the crystals under investigation are characterized by high symmetry:
cubic sinongion, spatial group F - 43m. The main feature of copper-bearing argillites
is the high solid-state ion conductivity of Cu + ions, which makes it possible to use
these argilloid crystals as functional electronic materials.

Purpose: The main goal of this work was to develop a program suitable for theoretical
calculation of the phonon spectra of Cu;GeSsl argillites and to carry out appropriate
calculations (within the concept of superspace symmetry).

Methods: In the present work, the crystalline structure of Cu;GeSsl argillites was
analyzed and described using the superspace symmetry concept.

Results: A program working in the Maple environment is developed and is suitable
for theoretical calculation of the phonon spectra of Cu;GeSsl argillate crystals.
Phonon spectra were calculated and presented for the model phases of CusGeSsl. The
eigenvalues of the generalized dynamical matrix are found and the dispersion
dependences for the directions of the Brightouin zone I' - X- M - R - T - M are
constructed.

Keywords: argyrodites, crystal structure, protocrystal, phonon spectrum, Maple.
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