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OIITUYHI ®OHOHHU B KPUCTAJIAX A',BY'CY"

B.M.Kamenwmukos, B.O.Credpanoruy, JI.M.CyciikoB

Y XropoachKuii HallioHANBEHUH YHIBEPCUTET,
Byn. Bosomuna, 54, Yxropog, 88000

Hocnimxyerbea xomBinauiitne poscitoBaHHs cBiTia B kpucTanax Rb,TeBrg i
Cs;TeBrg. MetoaoM dakTop-rpynoBoro aHamisy BUKOHAHO po3paxyHOK (GOHOHHOTO
CIEKTPY BKa3aHWX KPHCTaJiB. Bu3HaueHO KiNbKIiCTh MOJ, akTHBHHMX Y cniekTpax KP,
iX cuMeTpito i npasuna BinGopy. [TpoBeCHO OTOTOXHEHHS CIIOCTEPEKEHUX y CHEK-
Tpax KP MO 3 KOSMBAHHAMHM aTOMIB, LIO CKJIAAalOTh KpHUCTaL.

Kpucranu xajnpKorajaoreHifiB JIy»XHUX
meranis ALBYICYY (me A' - K, Rb, Cs; BV
-8, Se, Te; CV' - C|, Br, 1) yrBOpIOFOTH LK~
POKMil KJIaC HaNiBIIPOBIJHUKOBHX CIOJNYK,
(i3yHi BIACTUBOCTI SKHUX NPAKTHYHO HE
BuBueHi [1-3]. JlaHi peHTreHOCTPYKTYypHHUX
HOCIMMEHp MOKa3yloTh, IO XalbKOrajuo-
TEHIM JIY>)KHHX METaIiB KPUCTANI3YIOTECS Y
KyOiuHi#f CTPYKTYpi, SKa OIMCYETBCS IIPO-
CTOPOBOIO rpymolo cumerpii Oy’ — Fm3m (3a
BuHsATKOM K,;TeBre) [4, 5]. lle Bka3sye Ha
NEPCIIEKTUBHICTE BUKOPUCTAHHS JaHUX CIO-
NyK y NPHCTPOSX MOXYJSLi i CKaHyBaHHS
ONITHYHOT'O BUIIPOMiHIOBaHHA [6, 7] i Bu3Ha-
Ya€ aKTyalbHICTh KOMIUIEKCHOrO eKCIIepH-
MEHT&IBHOTO JOCJIIKEHHS ONTHYHHX Bja-
CTUBOCTEH KpUCTAJIIB AIZBV[CV”6.

Y naniif poboTi ZOCHIAXKYETbCS POHOH-
Huit cexTp kpuctaitiB RbyTeBrg i Cs;TeBrs.
[Tpy bOMY BHKOPHUCTOBYETBHCS METOA KOM-
Ginanifinoro posciroBanus ceitia (KPC).
Kpim HesanexHoi ineHTH®IKALII CTPYKTYpH
ROCTIKYBAHUX CIOJIYK, JaHHH METOH H03-
BOJISIE OTPHMATH IIHHY iHOpMaLito 1po xa-
paKTep B3a€MOZii aTOMiB, IO CKJIaNaioTh
KpHCTal, 1 IPHPOAY XIMIUHOTO 3B 3Ky MiX
HAMHA. JIOCIiIKEHAS MIPOBOAHIIHCS TIPH TeM-
neparypi 300 K.

Mounoxkpucramu Rb;TeBrg 1 Cs;TeBrg ot1-
puMaHo Metoaom Dbpimxmena. IIsmuxicts
nepeMilieHHs (QpoHTY Kpucrtasizauii Oyna
0,1-0,3 mMm/ron, rpamieHT TeMmneparypd y
30Hi kpucranizaiii — 2—4 K/mm. Bignan npu
TemnepaTypi 473 K npoBoauBcs npotsarom 3
R0, a OXOJOMKEHHS 0 KIMHATHOI Temiepa-
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Typu — 3i mBuakictTio 30 K/roa. Takum 4u-
HOM DyJI0 OTPHMaHO MOHOKPHCTANIYHI 3pa3-
k1 Rb,TeBrg 1 Cs;TeBrg nomxunow 25-55
MM i fiamerpom 15-22 mm.

JIist MOHOKPHUCTANIB JaHHX  CIIOJYK
BIACYTHIH pO3paxyHOK (POHOHHOIO CHEKTPY.
ToMy cmouatky MeromoM NO3UMIHHOI cu-
MeTpii [6, 7] 6yi0 NpOBENEHO PO3PAXYHOK
KOJINBHOTO CIIEKTPY JOCITIUKYBAHHUX KpH-
craimB. Cnonyku Rb,TeBrg i Cs;TeBrg kpu-
CTaNi3yroThesl ¥y KyOiuHiil cTpykTypi (11po-
cTopoBa rpyna Oy’ — Fm3m ) 3 4 dbopmymnb-
HUMH OIMHUISIMU B €JIEMEHTAPHIH KOMIpIH.
AToMH y KpHUCTaliyHifl rpaTii 3alMaloTh
nmosuuii: 8Rb (Cs) y mozmuii (d): (0; 1/2;
1/4); 4Te y nosuuii (a): (0;0;0); 8Br y mo-
sunii (e): (0; 0; 0,2509); 16Br y mo3uuii (h):
(0,2341; 0,2756; 0). Ilepion rparku a =
10,918 A (Cs,TeBrg) i 10,713 A (Rb,TeBry).
Ockinbku rpatka bpaBe — rpaHelieHTpOBaHa,
NPUMITUBHA KOMipKka MICTHTH 9 aroMiB.
ITpocTopoa rpyna Oy’ XapakTepusyeTbcs
HACTY[IHUM HaboOpOM MOXIHBHX aTOMHHX
nosuniii: 20y(1); Ty(2); Da(6); Cay(6);
C3v(8); 3Ca(12); 2C4(24); C1(48). I3 pesynb-
TaTiB PEHTI€HOCTPYKTYPHOTO aHami3dy Cii-
aye, o atomr Rb i Cs 3aitmMaroTe mo3miii,
CHMETPIsi SIKMX OIMCYETHCS TOYKOBOIO Ipy-
nowo Ty, aromun Te 3afimaioTe nosuuii 3 cH-
Mmetpiero Op, a aromu Br — mosunii 3 cu-
metpiero Cgy. 3 ypaxyBaHHAM LHX [JaHUX
(axkTop-rpynoBuil aHaii3 KOJHMBHOIO CIEK-
Tpy KpHucTaniB Rb,TeBrg i Cs;TeBrg npuso-
JIUTH JIO0 Pe3yNbTaTiB, IPEACTaBICHUX Yy Tab-
juni 1.
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Tabnmuus 1

MakTop-rpyIoBHii aHasi3 KOMHBaHb rpaTku Kpuctanis RbyTeBrg 1 Cs;TeBry,

Tun
NO3UMiHHOT
.. . cuMeTDi, Kopensauis | ®dakrop- .
KinpkicTh 1 °TP peJrin P Kinpkicts . AKTHB-
.| 10 MICTUTB rpyna Cumerpis .
THII aTOMiB . KOJIMBaHb HICTH
TPAHCIISALIIO0
C4v
T4 On
On
Aig 1 Qo HOlyy Tz, KP
6Br A/
E, 1 OxxFOlyy=20zz, Oxx-Clyy KP
E s 1
F2g 2 Qxy, Qyz, Ozx KP
2Cs F
I8 4 Mx, Hy, Uz I
Te Fra / Fa 1

3 Tabmuni 1 BUAHO, IO KOJHBAHHA
rpaTKH  AOCHKYBAHUX KPHUCTATIB  pO3-
MOAUISIOTECA IO HE3BIJHHX 300pakeHHAX
¢axrop-rpynu Oy KpHCTajla y UCHTPI 30HH
Bpimoena TakuM yHHOM:

r=A1g+Eg+Flg+2Fzg+4Flu+qu

AKyCTHYHI MOAH MAlOTh CHMETpiio
Iﬂakycr. = F'1y, TOMY

Fomr (k =0) =4 g (KP) + Eg (KP) +
+2F54 (KP) + 3Fy, (I4).

Bracnigok HasgBHOCTI y JaHMX KpHCTa-
Jlax LEHTPY CUMETpil Ai€ NpaBuiIo 3a00poHH,
1y crextpax KoMOiHAIIHHOTO po3CitOBaHHS
CBiTJIa aKTHBHI TiJIbKM 4 KONMBHI MOJM: IO

oaHi# Moai cumeTpii A1, 1 Eg 1 1BI MoAM cu-
MeTpil Fog.

ExcrnepyMeHTaTbHI JOCTIIKEHHS CIEK-
tpiB KPC mpoBoaunuce Ha crmekrpomerpi
ADC-24, y sixoMy aucnepryrouuMH —eJie-
MEHTAMHU CJyXaTh [BI OJHAaKoBi Jaudpax-
HilHI rpaTKy (PErUTiKM) 3 KIIBKICTIO MITPUXiB
1200 Ba 1 MM, sKi IIPaL{IOIOTh y HEPLIOMY
nubpakuifinoMy mopsaky. IlpuitMayem BH-
NpoMiHIOBaHHs OyB (HOTOENEKTPOHHMH IO~
MHOXyBad ®OVY-79. IlocninoBHicTs yce-
PENHEHHUX 3 33JaHOI0 IMOCTiHHOIO Yacy MHT-
TE€BUX 3HA4Y€Hb IHTEHCUBHOCTI CBITJIOBOTO
MOTOKY pPEeCTpyBaiach €NEKTPUUHOIO CXe-
MO 1 3anucyBajack camonwucueMm ITJIA-L.
Jani oTpumari crextpu o6poOnsiucy 3a J0-
IIOMOI'OI0 KOMIT IOTE€PHOI TEXHIKH.

30ymxenns crekrpie KPC  3mificHto-
Bajiocs refii-HeoHoBuM nazepom JII'H-215
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(4=0,6328 mxM, W=50 MBT), sxuii npaigo-
BaB Y OAHOMOJOBOMY pexumi. Bukopuc-
ToByBajtacsa 90-rpajycHa reoMerpis posciio-
BaHHs, ska 3abe3nedye MakcHMalbHHUH 36ip
poscisHoro cBitna. Taka reoMeTpis excliepu-
MEHTY O3BOJISiE HallKpaluM 4HMHOM 11030Y-
THCSl Mapa3sMTHOIO THHAATIBCBKOTO 1 pe-
neiBCBKOro po3citoBanHs. [longpusauis pos-
CISTHOTO BMITPOMIHIOBaHHS KOHTpPOJIIOBaIacs
nojsgpusaniinoro npusmoro. CrneKkTpaibHe
po3aineHHs Oyno 1 em’, Bignocua noxuoka
BUMIpIOBaHHs IHTCHCHBHOCTEH y MaKCHMY-
Max JIiHilf, a TaKoXX CIIOTBOPEHHS HaIiB-
IIHPHHE iX KOHTYPIB IO BiHOMIEHHIO 10
ICTUHHOI HaniBUIMPHHH CIIEKTPAJIBHUX JIiHIHA
CTaHOBUTH He Oinbuue 1%. J[ns BUMIpIOBaHb
BHKOPHCTOBYBAIHCS MOHOKDHCTAJIH XOpO-
101 ONTHYHOI SKOCTi, OPiEHTOBaHI IO ILIO-

ummHax {100}.
Ha puc. 1 mpexacraBneHo OTpuMaHi
cnektpu KPC  xpucranis  Rb,TeBrs 1

Cs;TeBrs, a y Tabnuni 2 — 94acTOTH BCIX CHO-
CTEpEeXEHHUX MO 1 ix cumerpis. PesynbraTn
EKCIIEPUMEHTY  Y3TOIXKYIOTBCS 3 JaHMMH
TEOPETHYHHX pO3paxyHkiB: y cnektpax KPC
IOIICHO CIIOCTEpIraroThCs YOTHPH KOJMBHI
MOJY Ha BiIMiHY Bix pe3ynbraris [8], ae Oy-
110 3a¢iKcoBaHO TiIbKH Tpu Moau. KoauBaH-
Hsl cuMeTpil F, MOXHA CIIOCTepiraTi TIUIBKH
y cnektpax [Y-nponyckanHs (BiIOUBaHHS).
BinoMo, 110 iHKOMU pPEHTTEHOCTPYKTYPHHI
aHaji3 jJa€ Jekiipka Mojaugikamii cTpyk-
TYPHOTO YNOPSJAKYBaHHS aToMiB, IO CKIa-
JIAIOTh KPHUCTAJ, i HE O3BOJIAE 3POOHUTH O1I-
HO3HAYHUH BHCHOBOK BIJJHOCHO CHMETPIl
KpHUCTaJi4HOI TPaTKu crnonyku. Bimomo, mo
y UbOMY BHIIQAKY MAOCIIKEHHS CIEKTPY
KPC npae mMoxnuBIiCTH BCTAHOBHTH ICTUHHY
CHMeTpIio KpucTana. Po3paxyHok (GpoHOHHO-
ro CHEKTPY MOCILIKEHUX CIIONYK Oyno mpo-
BEIEHO, BUXOJA4YM 3 CUMETpii, BCTAHOBJIEHOT
PEHTTEHIBCLKMM METOAOM. Byso orpuMaho,
mo y crnektpax KP akTHBHI TiNbKH YOTHPH
MOaH. ExcnepuMeHTabHI  HOCHIDKEHHS
NIATBEPIMIN PE3YJIbTATH TEOPETUYHHX DPO3-
paxyHKiB: y cnekrpax KP gificHo cmo-
CTepIiracThes TUIBKH YOTHPH MoIH. Buxons-
Y4 3 HBOrO, CTPYKTypa HAHHUX KPHCTAIIB
AIICHO OMHUCYETHCS MPOCTOPOBOIO TPYIOIO
Oy’ ~ Fm3m.

97

— 174

J
=
»n
|
o
" -
‘5 M
E Aad
[}
= -
Q
4
P ] |
X Yo
- . <
-\...__A....-—' L—..
T T L T T 1
0 50 100 150 200 250
viem'!
f=
- <N
| _
Rb, TeBr,
8
e
P |
D Ve
I =
x
)
: ] [
® 3 !
= 1
\ ¢ i
- Rana O S N
T T

Puc.l. Cnextp kombiHauiifiHoro posciroBaHHs
cpitna kpucranis Rb,TeBrg (a) i Cs,TeBrg (6).

Tabnuus 2.
KP aktuBHI MOAM KpHCTaIiB
Rb,TeBrg 1 Cs;TeBrg
Cumerpis YacroTa, cM’|
Rb,TeBrg Cs;TeBrg
Aig 180 174
E, 155 150
/27 90 91
Fag 54 45

Ky6iuHa cumeTpis KpHCTalliB, HEBEIHUKa
KUIBKICTB JIIHIN, akTHBHUX Y cliekTpax KPC
Ta OCOOJMBOCTI CTPYKTYPHOI'O YIIOPSIIKY-
BaHHA aTOMiB, IO CKJIagarOTh )IaHi Kpucrta-
JIH, JO3BOJISIOTH IIPOBECTH KOPEKTHY 1IEHTH-
¢ikanilo CIOCTEPEXXCHUX KOJIHMBaHb, BHUKO-
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PUCTOBYIOUH BHMMIpPIOBaHHS y HEIOJISIPU30-
BaHoMy cBiTii. JlificHo, aHani3 mokasye, Lo
CTPYKTypa JaHHX CIOIYK (POPMYETHCS 1Iib-
Ho ynaxoBaHumu mapamu {Rb(Cs)Brs}, npu
IbOMY T[OJIOBHHA OKTAeHpPHYHHX IYCTOT
[Brg] 3anoBHena atomamu Te. lle mae mMox-
JIVBICTH BHAUTUTH 130JIbOBaHE CTPYKTYpHE
yrpynosanHs atomiB TeBrg 3 cumeTpi€io ok-
taeapa Op. Toni KOMUBHUMN CIIEKTP KpHCcTana
MOXHa pO3MIANATH K CKJIANEHHH 13 BHYT-
PIIIHIX KOJIUBAHb CTPYKTYPHOT'O KOMIIJIEKCY
TeBrg 1 30BHIIIHIX KOJHBaHL JAHOIO KOM-
wiekcy BignocHo atomiB Rb (Cs). Hop-
MajibHI KOJIMBAHHS BUIBHOI OKTaeApHUYHOL
MOJIEKYJIH, SKi AETaJbHO PO3IJISHYTO y pO-
60Ti [9], MaroTh BUI, MOKa3aHUI Ha pHC. 2.
Y cnexTpax KOMOIHAIHHOrO pO3CilOBaHHA
CBIT/Ia ,,BUTBHOI” OKTACHAPUYHOI MOJIEKYJIH
aKTUBHI /IBa BAJICHTHUX KOJHUBAHHS V; 1 V),
BiITIOBIIHO A1, 1 E, cumerpil i ogxe aedop-
MauifiHe KOJNMBaHHA Vs CUMETpil Fa,. Jlns
ionis TeBrg> Yy BOJHOMY pO34YHHI BU3HAYEHO
3HQ4YeHHS 4acTOT V IMX KOJIMBaHb: v; = 166
em?, vy =151 em™ i vs= 74 oM [9, 10].
TMonibricTs cTpykryp iona TeBrs® i pocui-
JDKYBAHUX KPUCTaJIIB HO3BOJISIE MPHILYCTHTH,
10 KPUCTAJiYHE II0JI€ He INPU3BOLAHUTH IO
noMiTHOTO CrOTBOpeHHs ioHa TeBrg™ i mo-
pPYLEeHHs MpaBuj BiAOOpY s HOro KOJIMB-
HOTO CIEeKTpy. BUHHKHEHHS KPHCTAJIIYHOTO
II0JIs1 MOXE IIPU3BECTH A0 HE3HAYHOI 3MIiHH
4acTOT CIIOCTEPEXXYBAHUX MOJ, IO 1 CHOCTE-
pira€ThCs Ha eKCHEpPUMEHTi. Buxonasuu 3
1ILOTO, KOJHBHI MOJIM 3 4acTOTOWO v = 174 —
180 cm™ xpuctaiiB Rb,;TeBrg i Cs;TeBrg
MOJKHA BIHECTH 10 HOBHOCHUMETPHYHHX Ba-
JCHTHUX KOJNUBAHb Aig-CUMETPii aTOMiB
6pomy, Moau B obmacti 150-155 cm™! — Bin-
IOBIZHO [0 AHTHCUMETPUYHHUX BAJICHTHHX
Ko/mMBaHb FEg-cumerpii, a B obmacti 90-91
e — 1o Tpuui BHPOJUKEHHX MOJ CHMETpil
Fe, IO BIANOBiZAIOTH JedopMallifHUM KO-
nuBaHHAM KoMiuiekcy TeBrg. Jlns BinbHOL
monekyna TeBrg y cnektpt KPC cmo-
CTepiraeTsCsi TUIBKM OZHA MoOJa CHMETPil
Fye. Y cnomyxax Rb,TeBrg i Cs;TeBrg Brac-
JI0K HasiBHOCTI aTOMIB JIyXKHHX METalliB i
BUHUKHEHHS KPHCTAIYHOrO MO 3’ sIBis-
€ThCA LHE OJHA MOJA CHMETPIii Fog, aKTHBHA
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y cnektpi KPC (tabn. 1). Ilpupoaso oro-
TOXHUTH 1 3 3O0BHIMIHIME KOJHMBAaHHAMH
CTPYKTYpHOro KoMruiekcy TeBrg BiIHOCHO
atoMiB Rb Ta Cs, 9xi 3HaxoaThCS B OKTac-
PHYHUX NycTOoTax. HYacToTa BiXNOBIAHHMX KO-
JIMBaHb JIOKATI3yeThCs y obnacti 45 em™! s
kpucrana Cs;TeBrs i 54 cm™ ams kpucrana
Rb,TeBrs (puc. 1). Hesnauna pisHuLsa enex-
TpoHeratuBHocTed aromis Te i Br cBiguuth
po Te, wo 38’5130k Te — Br mae nepeBaxHO
KOB&JIEHTHHI xapakTep. Lle npu3BOIUTH 10
CYTTEBOI 3MIHH MOJIAPU3OBHOCTI [IPU B3a€EM-
HUX KOJMBAHHAX HAaHHUX aTOMIB 1 3Ha4YHOL
inTeHcuBHocTi JiHi# KPC, mo BigmnoBigaroTh
MM kosiMBaHHAM (puc. 1). YV neit xe yac
38’130k Rb - (TeBrg) mae Bupaxenuii
ioHHH# Xxapaktep, i nminis KPC, mo Bigmo-
BiZla€ [aHOMY KOJIMBaHHIO, XapaKTepH3y-
€TBCS. HU3BKOIO IHTEHCHBHICTIO y CIIEKTPi.
3ayBaXkMMo, 1110 3aMiHa atoma Rb y psaai uux
KpucTalliB Ha Oinbi Baxkuit atoM Cs ciabo
BIUIMBAE AK Ha YacTOTH (OHOHHHUX MOJI Y
ueHTpi 3oHu Bpimoena (tabin. 2), Tax i Ha
iHTeHcuBHOCTI BinnoBiauux nidiit KPC.

Puc.2. ®opma HOpManbHHMX KOJIMBaHbL OKTael-
pHuHOI MosiekysH (ioHa) TeBrs.

OTxe, B pe3y/nbTaTi BUKOHAHUX HOCII-
JUKEHb BIIEPLIE IIPOBENEHO pPO3PaXyHOK
KOJIUBHOTO cIiekTpy cnoinyk Rb,TeBrg i
Cs;TeBrg, excnepuMeHTaNbHO BHMIPSIHO
CIIEKTPH KOMOIHaUiHHOIO pO3CiIOBaHHA i
[POBEJCHO OTOTOXHEHHS CIIOCTEPEKEHUX
MOJ 3 KOJHMBaHHSMHU aroMiB KpHCTaTiyHOL
I'PATKHU CIOJYK.
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OPTICAL PHONONS IN ALBYICY, CRYSTALS

V.M.Kamenshchikov, V.O.Stefanovich, L..M.Suslikov

Uzhhorod National University, Voloshyn St., 54, Uzhhorod, 88000

Raman scattering in Rb,TeBrg and Cs,TeBr; crystals is investigated. The assignment
of the phonon spectrum of these crystals is performed by factor-group analysis
method. Number of modes, active in Raman scattering spectra, their symmetry and
selection rules are determined. Identification of observable modes with the vibra-

tions of atoms making the crystal is carried out.
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