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JocIIKeHo CIEeKTpasbHO-IFOMIHECIIeHTHI BIacTHBOCTI moMimkosux ftomis Eu®t y kpucramax
KaJblnii-ramiiii-repmanieBoro-rpanary CasGaz Ges; O12 1 Kagpiii-ragorepmanary Casz GaxGesO14 B
inreppaJi Temmeparyp 80-300 K. Ilokaszano, mo B minaHii KouneHTpamniid momimku 0.1 — 3ar %
y kpucranax CasGasGesO1y yIBOPIOOTHCA TpH THUIH akTHBaTopHHX HeHTpiB Eu’t. ¥V xpucramax
CasCazCGeq014:Fu’T B mpomy x inTepBasi KOHIeHTpamifl HOMINKY GOPMYETHCA OMHH THII aKTH-
BaTOpHOTO KBasimentpa Fu’t, mpupoma sxoro mop’ssana 3 KOMIOSHIGHHIM pPO3YIOPIKYBAHHIM

OKTaepUIHnX la Ta TeTpaenpuvHnx 3f MO3UINA.

KJ11040Bi cJ10BA: CIIEKTPH LOT/IMHAHHS, JIFOMIHECIIEHIT s, akTrBaTopHl Horn Eu®t | rpanar, Tpu-

rOHAJIBHIN KaJIbIi-rajgorepMmaHar.

PACS number(s): 78.55.Hx, 71.55., 78.40.—q

I. BCTVII

OcrarHIMEH pOKAMW BEJIWKY yBary MPUILIAIOTH BH-
BUYEHHIO CIIEKTPOCKOMITHNX BJacTHBocTell ifomis Eudt
y KpHCTaJiaX CKJIAIHUX OKCHIIB. [HTepec M0 TaKuxX JI0-
CJIJIKEHDL BUKJIMKAHWN TPAKTUIHUME MoTpebaMu To-
YKy HOBUX e(peKTUBHUX JIIOMIHOQOPIB y UepBOHIi
OUIAHIN  CIeKTpa. 3 1HMmoro OoKy, BIAHOCHA MPOC-
TOTa IMITApKIBCBKOI CTPYKTYPH EHEepIreTUIHHX PIBHIB
Eut, wyTamBicTh IOMiHECIEHTHHX BJIACTHBOCTeH ak-
rupaTopunx neHtpis Eu?t g0 nafimenmux smim ix-
HBOTO JIOKAJLHOTO OTOYEHHS [T03BOJIAE BUKOPHUCTOBY-
BaTH TakKl HOHM AK CIEKTPOCKOMYHII MIKPO3OHI IJIs
BCTAHOBJEHHA CTPYKTYPHHUX OCOBJIHMBOCTER KpHCTasid-
HuX Marpuilb. llg mpamg mpucBAYeHa TOCTIIKEHHTO
CHOEKTPAJTHHO-JTIOMIHECIIEHTHIX BJIACTUBOCTEH aKTHBa-
roprux fonis Eu?t y xpucranax, aki MaoTh 6JU3LKUR
xemiuunmit ckaag — CazGasGezO19 Ta CazGasGesOyy,
ajle CYTTEBO BIAPISHAIOTHCA 38 KPHUCTAJIIIHOI OyI0-
BOIO (CTPYKTypa I'paHaTy Ta TPUTOHAJIBHOTO KaJsblifi-
rasiorepManary Bignosiguo) [1,2].

II. METOOUKA EKCITEPUMEHTY

Momokpucramn CazGasGe 014 Ta CazGasGeszOqg,
akTuBoBami fonamm Eu®t, Bmpomysaam 3a Meromom
YoxpaJbchbKoro Ha pocToBlii ycTaHopii Tumy ~ JloHernb-
17, dnd cHHTE3y IMUXTH BUKOPHCTOBYBAJIM OKCHJIM
Gas03, GeOs, Eus03 ta kapbomar xaabmio CaCOs
mapkn OCY. AxTmsaTopi ftomm Eu®t ysommmm B
wuxTy y suriaan EusOs. Konuentparia gomimkn Eudt
y mmxTi sMimoBadack Bim 0.1 mo 3 ar%. 3paskm
s JOCJIKEHb MaJju (pOpMY ILIOCKO-IapaJjeSIbHIX
IJIACTHH, BUPI3aHUX IEPIEHIUKYJIAPHO OO HAIPAMKY
[0001] v Bumagky CasGasGesO1a 1 10 HanpamKy

[100] mna CazGasGesOqs. CuekTpu ONTUYHOIO MOLJIH-
HaHHA Ta JOMIHECIEHI1 JOCAIIKYBaJIN B HEITOIIPI30-
BaHOMY CBITJIi. BUBYEHHA CIEKTPIB OMNTHYHOTO MOTJIH-
HaHHSA TPOBOAWJIN Ha cieKTpodoToMeTpax Specord M40
ta Specord M80. Crekrpu dboTonoMinecen i Ta 30y-
JIKEHHd JIIOMIHECIEHITIl peecTpyBal Ha CHeKTPaIbHO-
smiomineciienTHOMY Komiutekcl CILJI-2 B pexxumi miubu
MOOAUHOKHX (POTOHIB. YCI CIIEKTPHU KOPEIYBAJIH 3 ypa-
XYBAHHAM CIEKTPAJIBHOL Ty TJAUBOCTH CHCTEME PEECTPa-
mi Ta CIHeKTPaJbHOTO PO3MOOLIY IHTEHCHBHOCTH 30Y-
mKennsd. K mKepesio 30yIKEHHS BUKOPHCTOBYBAJIH
KCEHOHOBY JiamTty. BumipioBaHHA TPOBOAWIH B TeMIle-
patypaOMy 1HTepBam 80-300 K.

III. PE3VJILTATH TA IX OBOBOPEHHS

HingHKa TPo30pOCTH HOMIHAJIBHO YHCTHX MOHOKDHC-
Tame CazGasGezO19 Ta CazGasGesOq4 JEKUTD ¥ Me-
kax 0.24-6.0 MM, IO HO3BOJIAE AHAJIIYBATH CXEMY
eHepreTHIHNX HepeXofiB aKTHBaTopHuX Homis Eu’t y
IIIIPOKOMY CIIEKTpaJIbHOMY midmasomi. Bimomo, 1o fionn
€BPOINI0, 3aJ€XKHO Bl YMOB DPOCTY, MOXKYTh BXOIUTH
B KpHCTAJIYHI MaTpHIl 4K y IBO-, TaK 1 TpHUBaJIEHT-
HOMY cTaHax. B ONTHYHWX CHEKTpax CIOJYK, MO Mic-
ra1e fionn Eudt, cnocrepiraemo BysbKi JiiHii, 3yMoB-
JieHl 3abopoHeHNMHE f—f TepexomaMn, a CIeKTPH HOTJIH-
HaHHA aKTHBaTOPHEX Homis Eu’t xapakTepusyioThbed, B
OCHOBHOMY, IHTEHCHBHUMHU HIMPOKAMU CMYyTaMu, OB d-
3aHUMHU 3 [TO3BOJIEHUME €JIEKTPOIUIOIbHUME f—d TIe-
pexomamu [2]. Ha puc. 1, 2 HaBeIEHO CIEKTDPH ONTHY-
HOTO MOTVIMHAHHA Ta 1IeHTUdIKAIII0 TepexoIin y foHax
Eut B xpucranax CazGasGesO14 ta CagGasGesOqs
BiamoBigHo. ¥ Aiaaril 350-500 HM crmocTepiraJim JIHII,
nop’azani 3 f—f mepexomamu B ffonax Eu3t Ta imren-
CUBHE TOTJIMHAHHA B O/MmKHIE Y®-IAgHIl, 3yMOBJIEHE
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HaKJIaJaHHAM cMyrH nepenocy sapamy 0?7 — Eut na
Kpait dpyHIaMeHTaJIbHOTO MOTJIMHAHHA MaTpuii. B 1m-
dbpadepBoHiil MIAHIN B midMa30Hl 3—4 MKM 3apeecTpo-
BaHO CJaOKOCTPYKTYPOBaHI CMYTH, OB A3aHIl 3 IMepexo-
JaMU MiXK MyJIbTUILIeTaMu ocHoBHoro ctany * Fy (“Fy —
7F4). Y cmexTpi norymHauHd KpucTasaiB CagGasGezO1q
nepexin *Fy — 5Dy BUABJIEHO Jnlle B 3pasKax 3 Haii-
GlabIIo0 KOHIEHTpaliclo akTuBaropa (¢ = 3ar. %) y
Buryiaml neperuny npu 580.4 HM, 9K TOKa3aHO Ha BCTABII
no puc. 2. IlosoxenHna 1 BIIHOCHA 1HTEHCHBHICTD TPYII
ginift normunanng Eu3t y xpucranax CazGasGeszOqs Ta
CazGasGe 014 y3romKyoThcda 3 TaHUMHU IJd eHepriit
WTAPKiBCHKUX piBHiB #onis Eut B immux kpuerasmiy-
HUX MaTpungx (ams., Hampukmaam, [2,3]). ¥V cmekTpax
30ymKenHa JroMiHecteHii kpuctaaiB CazGasGesOqyg
(puc. 1) Ta CagGasGezOy2 (puc. 2) cmocTepiraemo 1mm-
POKY cMyTy Zepenocy sapany 02~ — Eu’t rta mmsxy
BY3BKHX JIHI, MoB a3anux 13 f—f mepexomamu B ffoHax
Eudt. Sk Bunno 3 puc. 1, 2, cuekTpu 36yIZKeHHA JIIO-
minecnenmii Eu®t Vv JOCJIIKYBAHHX KpHCTajgax mobpe
V3TOMKYIOThCA 31 CHEKTPAMHU ONTHIHOTO TOTJIHHAHHS.

OnTuyna rycTaia
IHTenCUBHICTE, B.O.

250 300 350 400 450 500
JloBXHHa XBHII, HM

Puc. 1. Cnekrpu onrmusoro mnornuHaxas (1) ta 36y-
IKeHHs JrroMiHeHcreH i (Xew. = 6121M) Homis Eu®t (2) B
kpucrasax Ca-rasorepmanary upu 300 K (cgu = 3 ar. %).

Jiominecnennia kpuctadis CazGasGesOr4:Eudt i
CasGasGesOi2:Eudt cnocrepiraersea B mingnmi 580
730 HM 1, B OCHOBHOMY, TIOB’A3aHa 3 TlepexomaMu ° Dy —
"Fo_4 B ifonax Eut (pmc. 3, 4). Haitimrencupnint Jimii
BIAMOBLAAIOTH €JeKTPOANIOILHOMY IEPEXOI0BI Dy —
"Fy. dx i B IHIINX TepMaHaTax, y JOCILIKYBaHIX KPHC-
TaslaX BiJICyTHA 3esieHa eMicia (nmepexomu ®Dp — 7Fj),
o MoxKe OyTH ToB’d3aHo 3 e(MeKTHBHOI MYJIbTHMO-
HOHHOIO peJiakcalieo abo 3 TaclHHAM dYepes Kpocpe-
nakcarmifo. I1ig 9ac oxoomKeHHA 3pa3KiB IHTEHCHBHICTD
CBIYEHHS 3POCTaE MPU MPAKTHIHO HE3IMIHHUX IMHPUHAX
JTIHI.
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V crekTpax ONTUYHOTO HOTJIMHAHHS Ta JIIOMIHECIIEHIII1
kpucraais CazGasGesO14:Eudt i CagGasGesOqo:Eut
He CIIOCTEPITaIn IMAPOKAX CMYT, K1 MOKHa 6yJI0 6 mo-
B’A3aTu 3 HagpHicTiO Homis Eu’t. Ipm Y®-36ymKenni
B CHEeKTpax JIIOMIHECHEHIN] AOCAIIKYBAHIX KPUCTAJIIB
BUABJIEHO CBIYEHHsd JIUIIE B YEePBOHIN MIJIAHIN CIIEK-
Tpa, 3yMobsene f—f mepexomamu fiona Eu3t. 1i pe-
3yJbTaTH IIOKa3yIOTh, 110 IOHU EBPOIIl B KPUCTAJIU
CasGasGesO14:Eut i CasGasGesOiq:Eu®t Bxomars
[epeBaXkHO Y TPUBAJEHTHOMY CTaHI.

OnTu4yHa rycTaHa
IHTEHCHUBHICTE, B.O.

250 300 350 400 500
JlomkHHa XBHAII, HM

Puc. 2. Cunektpu onrumusoro norsnHanas (1) Ta 36y-
JKeHHs JiroMiHecteHIti (Aeyw. = 590HM) fioHiB Eu®t (2) B
gpucraynax CaszGazGesO12 mpm 300 K (ch = 3aT.%). Ha
BCTaBIll — 301TIBITEHWIA CIIEKTP ¥ JJIAHIT TEPEXOILY (7F0,1 —
5D0) B fionax Eu’t.
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Puc. 3. CrekTpn JIFOMIHECITEHTI KPHCTAJIIB

Cas;GasGesO14:Fu’t (Ass. = 305uM) mpu 80K (1) i 300K

(2).
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Puc. 4 CrekTpn JIFOMIHECITEHTI KpHrcTaia

CagGa2G63 0121Eu3+ ()\36. = 300K

(cEu = 3ar. %).

260uM) 1pm

O—Ga(Ge)

O_Q ‘—Eu

Puc. 5. Kpucramorpadiana momesnb aKTHUBATOPHUX IIEHT-
pis Eu®t B Ca-ranorepmanari (CasGazGeqO14).

Bigomo, mo KIABKICTH Ta BIAHOCHA 1HTEHCHBHICTD
JTiHI, 38 dsamnx 3 ° Dy — 7Fj mepexofgaMu B fionax Eu’t
nae 1HdOPMAIIo Tpo JOKaJIbHY CHMETPIIO Ta KLJIBKICTD
nosumifi akrtusaropa [2,3]. ¥V Kpucrasax 3 OfHUM TH-
IIOM aKTHBaTOpHOTO HeHTpa Eut cmoctepiraemo mmure
TpH JTiHIl B middEm mepexomy °Dy — TFy [2]. Bupo-
JPKEeHHA PIBHIB 1 CIIBBLAHOIIEHHA MIZK 1HTEHCUBHOCTAMHE
JIiHI# MarseTHOMUIONLHOrO Dy — "I Ta elexTpomu-
nosbHOro ° Dy — 7 Fy mepexoniB yKasye Ha HE3BKY JIO-
KaJIbHY CHMETPIIO MICITb aKTHBATOPHUX HOHIB 6e3 IeH-
Tpa 1HBePCll B AOCTIIKYBAHAX CIHOJIYKAX. Y PaXOBYIOUH
JaHl Tpo edeKTUBHI HOHHI paJlycH akKTHBaTopa # Ka-
TIOHIB KPUCTAJIIB IpaHaTy Ta rajorepManary it orpuMani
pe3yIbTaTh, MOXKHA CTBEPIKYBATH, IO HOHU €BPOII0 B

CTPYKTYPY IOCJIIZKYBAHUX KPHUCTAJIB yXOAATH § TPH-
BaJIeHTHOMY cTami, samintytoun fionn Ca’t. Honu Eut
safiMaioTh 3e mosuil (MokanbHa ciMeTpia C') B KpHCTa-
nax CazGasGeyO1yq, a B xpuctasax CagGasGezO1s —
noneraenpudHi {c¢}-nosumii (MokanbHa cuMeTpia Da).
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JIOBXHHA XBHITi, HM
Puc. 6. CrekTpn JIFOMIHECITEHTI KPHCTAJIIB
Cas;GasGes O12:Fu’t (Ass. = 395HM) mUpu KOHIeHTpaIi

Eu’t: (1) 0.1a1.%, (2) 1ar.%, (3) 3ar.% B nixanni nepexomy
5D =7 By (T = 300K). Ha xpusiii 3 naseneno 36iburennit
cextp y minsHnl 580 HM (mepexin *Do —7 Fy). Crpinkamu
[O3HAYeHOo JIHIl TpbOX akTHBaTOpHHMX HeHTpiB Eu’t (1, 11,

111).

Kommencariga HaIJIHUITKOBOTO MO3SUTUBHOIO 3apAly B
kpuctagax CazGasGey 014, Mo 3abe3metye eeKTpoHeii-
TPAJBHICTE, 3MIHCHIOETHCA 3a PAXYHOK MEPEPO3TOILITY
fiomis Ga’t T1a Ge't mo le ta 3f xpucramorpadiu-
HrX mosumigax. Coalm BIO3HAYNTH, IO TaKa CXeMa, 130MOp-
dismy xapaxtepra npu aktuBaiil CazGasGesOq4 iio-
HAMU [HITUX pIAKiCHO3eMebHUX esieMenTiB [4,5]. @opMu
KOHTYPIB Ta MBUIMPUHA CMYT JIIOMIHECIIEHTII], K1 BLAIO-
BIHAOTH OKPEMUM MIKMYJIBTUIJIETHAM TIEPEXOIAM aK-
TUBATOpA TpH 3HIKEHHI TEMIEPATYPH, MPAKTHIHO HE
SMIHIOIOTBCH, MO CBIAYATH MPO 1X HEOTHOPIAHE YIIN-
penns. lelt pesyabTar Jierko MOACHUTH B PaMKaX MO-
Jlesl KBaslleHTpa ak TUBATOPA, gKa OyJia 3aIrpormoHoBaHa
B [6] i BumpaBmana cebe Npu HOCHTIIKEHHI ONTHYHUX
crekTpiB 1HmHX P3-fi0HIB ¥ KpucTagax 31 CTPYKTYPOIO
rpuronanbioro Ca-rasorepmanary [4,5]. Kpucrasorpa-
dbivna Momesth akTuBaTopuux nentpis Eut y kpmera-
nax CazGasGeyO14 HaBemena na puc. 5. Haitbmmxanmn
cycigamm fionis Eu?t e 3p’azani 3 muMm 4epes crinbmi
tionn xucHio dotmpH orn Ca’t B 3e mosumiax, woTHpH
fionn Ge't B 2d-rerpaenpax, micth karionis (Ga®t,
Ge'T) B 3f-nosuniax Ta omun karion (Ga®t GelT) B
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la-oxraenpl. Kommosuiiitie posynopsaakyBaHHa KaTiOH-
HOI HIArPaTKK NPUBOIUTH 10 YaCTKOBOI'O PO3YIOPAIKY-
BaHHA MIKpOCTPpYKTypr Kpuctadis CazGasGesOqyq, 1o
B CBOIO 4epry BUKJHMKae (AYKTYallld KpPUCTAJIIYHOIO
moJid Ha fioHax aKTmBaTOpa. Y TBOPEHHSA aKTHBATOPHUX
LEHTPIB XapaKTepu3yeThbcsd HabOpOM ONTHYHUX LEHTPIB,
AKIl BIOPI3HAITBCA CTPYKTYPOIO Ta BEJIUYUHOIO PO3LIEI-
JIEHHA eHepIeTUIHHUX PIBHIB. YHACIIIOK IHOTO Ha €KC-
MEPUMEHT] CIIOCTEPITAEMO PO3LIMPEHY CMYLY CBIYEHHH,
dopMa AKO0l IPaKTUYHO HE 3aJIEKUTh Bil TEMIEPATYPH.
KinbkicTs JHIE A1 BCIX MEPEXOMIB B ONTHIHAX CIEKT-
pax jionis Eu®t me mepesuiye Teopermunoi mig MoHo-
KJIHHOIO IOJIsdA, 10 CBLAYUTH HPO YTBOPEHHHA B CTPYK-
1ypl CazgGasGe 014 ogmHOTO THIY aKTHBATOPHOTO KBa3i-
IeHTpa Eudt.

Y xpucranax CazGasGesOis, akTuBOBaHNX HoHAMEI
Eu?t, xoMmnmencaria edeKTHBHOTO NOMATKOBOTO 3apaLy
HalliMOBIpHIIe 3MIACHIOETHCA 33 PaxXyHOK BXOIKEHH
HamInkoBuX fomis Ga®t ma micma onis Ge*t srimmo si
cxemoto: {Caj_,yFu, }3[Gala(Ger_;Gag)3012, T06TO 32
PaxXyHOK YTBOPEHHHA TaK 3BaHUX “aHTUCTPYKTYDPHHX JIe-
dexTi” Ga?(’}t. PismoliMmenHo 3apsamkeni qedekTn Eu%‘;
1 Ga?(’}t, B3aEMO/IIOYHN, MOXKYTH yTBOPIOBATH DPI3HI THUIH
napHux HeHTpiB. ¥ [7] Ha OCHOBI TepMOAMHAMIYHOIO
HIOXOOY IOKa3aHO MOXKJIUBICTH yTBOPEHHs LIECTH TH-
B ONTHYHUX IeHTpIB y KpucTagax CazGasGezOqa, ax-
THBOBAHNX pinKicHozeMenprumy Homamu Nd3T. Takum
YUHOM, y KpHCTaJi, KpiM omunnunmx nentpis Eut,
MOXKYThb YTBOPIOBATHCSA PI3HI THIIN ACOIIATIB (Eu%: +
Ga?(’}t), AK1 BIAPISHAIOTHCA B3aEMHUM DO3MINIEHHAM KOM-
neHcyounx nedeKTiB i akTuparopHux neHTpin Eut.
Bucoka JsieTKICTh DIOKCHOY TepMaHIO IIPH BUPOILYBAHHI
kpuctaaiB CagGasGezO2 cipude mogBl aHTUCTPYKTYP-
anx gedekTis. [Ipami moc TimKeHHs 3a JOMOMOTOIO Heli-
TPOHHOTPpaMITHOTO aHAJI3Y MATBEPANIN HAIBHICTD Ta-
KOro THILY IedeKTiB y KpHcTaiax KajbLIlE€BOro IpaHary.
HetanbHmii aHa 13 CIOEKTPIB JOMIHECIEHIl IId KOH-
nenTpamiitnoi cepii kpuctanis (¢ = 0.1—3 ar. %) y cek-
tpanpriit miaamm 570-600um (°Dy — "Fy ) (puc. 6)
JIO3BOJINB 3pOOUTH TaKi BUCHOBKH:

— cMyTH moMinecnentii fionis Eu?t meonnopinno pos-
IIEeTIeH] i poslmpeHt,;

— mepexin °Dy — "F] BKIOUae B cebe AK MiHIMyM
BICIM OKPEMHX JIIHII;

— BIZHOCHa& IHTEHCUBHICTL JIHIHA JIOMIHECIEHI]l Ta
iXHs KIJBKICTH 3MIHIOETHCA 3 KOHIEHTPAIIEID aKTHBA-
TOpA.

e moxe osnauaTu, mo B Kpuctagax CazGasGezOis
V OOCJIIKYBAHOMY KOHIEHTpallfiHoMy 1HTepBal (hop-
MY€eThca IEKiIbKa THIB akTHBaTopHux nenrpis Eut.
SMIHY BIIHOCHOI 1HTEHCHBHOCTH OKDPEMWX JIHIN JTo-
MIHECIIEHII1 TpH PI3HUX KOHIEHTpAIlgX aKTHBAaTOpa
MOXKHa MOSCHUTH 3MIHOIO KOHIEHTpAaIll PISHHX THIIB
nentpis Eu3t zanexno Bin sarasbnol KoHIeHTpaIil ak-
TUBATOpa B CHOJIYILI. TakKuM YMHOM, JOCIIKEHHSA CIIEK-
TPiB JIOMiHecHEeHII] BKasyloTh Ha Te, mo fonm Eudt
YTBOPIOIOTh JEKLIbKa THIIB aKTHBATOPHUX LEHTPIB Y
kpuctagax CazgGasGeszOq5. 3a momoMorow MeTomy KOH-
HeHTpalifiHuX cepiii, sanpornoHoBaHoro B [8], 6yB npose-
JIeHMIT aHAa I3 ClIeKTpa HONIMHAHHA IPYIK JIHIA y CIeKT-
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pasbHIA DuTgaHI 315—-325 HM, TOB d3aHIX 13 TIEpeXogaMn
"Fy — "Hu_¢ upu 80K. Konmenrpamniiina saIeXHICTD
KoediIMEeHTIB MOTVINHAHHA MIKIB IUX JIHIA po3magaeThes
Ha TPH CHCTEMH TapaJeJbHUX KPUBHUX, AKl BlIOOpazKa-
OTh KOHIIEHTPAIIHY 3aJIeKHICTD BIAMOBLIHUX IIEHTPIB.
e mo3BOMIO CTBEPIKYBATH, IO B TIJIAHIN KOHIEHTPa-
miit axruatopa Eudt ¢ = 0.1 — 3 ar% mpoasnaoThea
TPHU THIH aKTUBATOPHUX MeHTPiB. lle mpunyinents y3ro-
IUKYEThCA 3 JaHUMU, oTpuManumu B npai [7,9]. Ha min-
CTaBl OHEPKAHUX EKCIEePHUMEHTAJILHIX pPe3yJIbTaTiB Ta
BpaxoBaHHd JHaHux npanp [7,9] nobymoBano Kpucramo-
rpadiuni Monesi akTuBaropaux nenrpis Eudt y rpanari

CazGasGeszO1y (puc. 7):

C2[100]

C2[100]

C -Eu

Puc. 7. Kpucrasorpadiduai Mmongesl ak THBATOPHUX ITEHTPIB
Eu®t y rpanari CasGap GesO12. | — oguuananmit mienTp Eu“:’j";
3 JIOKaJIbHOIO cuMmetTpieto Do, I — mapwuuii menTp (Eu“:’j‘; +
Gag(’}t) 3 JiokajabHoo cumerpiero Ch. Il — mapaumit menTp
(Eu“:’j‘l; + Gag(’}t) 3 JoKaJbHOIO cuMerpiero C].
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I — omummunmit nentp Eu®t 3 sokanbHoio cumer-
pieto Dy. Uon Eu®t posmiutennit v ¢-nosumii rparku, o-
KaJIbHA CTPYKTYPa IbOTO IMEHTPa He 31e(opMOBaHa KOM-
meHcyoInM AedeKToM TpuHaiiMi B HalOAMKINK IBOX
KoopamHaIIiHnx cepax;

IT — mapuwuii menTp (Eu?(’}t—l— Gaét) 3 JIOKAJIbHOIO CH-
Metpieio Cs. Leit menTp yTBOpennit ioHOM Eu3t ra fio-
Hom Ga®t, axwmit samimye Ge't y mepmiit xoopmmma-
miftailt cdepi c-Bysaa. Ilpu mpomy fon Ga®t momamae
Ha Bick (5, AKa opieHTOBaHa Mo (J4-0Ci eJIeMeHTapHOIL
rpaTku TpaHary. 3amicTh Tphox (s-oceli, AKI Xapak-
TepHl mad cumerpll Ds, sanumraerbes Jmiie omaa (-
BICh, 1 CHMETPId IeHTPpa 3HIKYyeThcd 10 Cl;

[T — napuuit neaTp (Eu?(’}t—l— Gaét) 3 JIOKAJILHOIO CH-
metpieto (. et menTp yTBOpennii ioHOM Eu3t ra fio-
HoM Ga’T axuit samimye Ge't y mpyriit KoopauHamiit-
Hiit cdepi Eudt. Y mpomy sunanky ftor Ga’t me momamae
HI Ha OJWH 3 eJIEMEHTIB CHMETpll BUX1IHOTO meHTpa ;.
Cumerpig nerrpa 11 samkyethea oo Cf.

Ha puc. 6 mosnadeno okpemi JIiHII AKTHBATOPHUX TIEH-
pis Tuny I, IT, ITI. Corig BigsaagunTu, mio, 3TiIHO 3 3aMPO-
HOHOBAHUME KpHCTagorpadiaHuMu MogenaMu (puc. 7),
TOmMOHIME MaJan 6 OyTH cHeKTph (POTOTIOMIHECIIEHITI
napuux nerTpis I (nokansha cumerpia Cy) i T (m1o-
kasibHa cuMerpia Cp). OmHak, Ak BHOHO 3 puC. 6, Xa-
pakTep ITApPKIBCHKOTO PO3IIEIIEHHA CHEKTpa (hoTo-
JioMiHectienmil neatpa tuny 11l 6mmkanit go posien-
JIeHHA cIekTpa (oTOJIOMIHECHEHI] He30ypeHoro IeH-
tpa I (nokanbha cumerpia Ds). Ile mMoxke GyTn 3yMoB-
JIEHO AK edeKTaMy eKpaHyBaHHA KOMIIEHCYIOYOTO [ie-
dexTy Ga?(’}t, TaK 1 TMOPIBHAHO OLIBIIOK BlIIAJIEHICTIO
itoro Bl c-By3J/ia, HIZK Y BUMAIKY aKTHBATOPHOTO IEH-
Tpa II. Tomy MoxHa BBaxKaTH, IO KOMIEHCYIOUHil me-
dexT Gaé‘z He TPUBOAMTEH O CYTTEBOl 3MIHH CHMETPIl
JIOKAJIBHOTO OTOYEHHH C-BY3JIA.

¥ cnexTpl smominecnenmii npu ¢ = 0.1ar. % momimy-
IOTh JIIHIl OMMHIYIHOTO ITeHTpa I. 3 pocToM KOHITEHTpAITll
30LTBIIYEThCA KIIBKICTD MeHTpiB 11, KibkicTh oguHmy-
HEUX [eHTPIB | TOMITHO 3MEHNIYEThCA MO0 JIiHIi akTH-
BaTopuux meHTpiB tumy II-III mpm xKoHmeHTpaIli akTH-
Batopa ¢ = 3ar. %. TakuMm umHOM, KOHIEHTpaIid pi3-
HWX TUIB akTuparopuux mentpis Eudt sanexunrts Bin
3araJIbHOl KOHIIEHTpallli akTupaTopa. CaabKl 3a 1HTEH-
cuBHicTio MiHil B giagnmi 580 HM (nepexin ° Dy — 7F0)

y CHeKTpax JroMinectientii (puc. 6) MoKHa OB a3aTn i3
neatpamvu Ty Il 1 III, ockiabkm uepes 1XHIO HH3BKY
CHMETPIIo TocaabAI0eThcA 3abopoHa TI0 KPUCTATIITHOMY
noJti Ha nepexomu ° Dy — * Fy. [Ipuaomy nepexin ® Dy —
"Iy cmocrepiraeThcd TIMBKE B 3paskax 3 MaKCHMAJlb-
HOIO KOHIIEHTpAII€io muX MeHTpis. CJIig BIO3HATUTH, IO
eeKTUBHICTD 30YIKEHHA B CMy3l IMepeHOCY 3apamy €
BUINOIO TIPH OLABIINX KOHIEHTpAINAX aKTHBaTopa. bes-
BUIIPOMIHIOBAJIbHI BTpaTH OLIBII I 3pas3kKiB, V¥ AKHX
mepeBakalTh ONWHWYHI IEHTPH 13 cuMeTpicio Di. Y
3paskax, [Ie MepeBakaloTh MapHi aKTHBATOPHI MEHTPH,
BTpaTH IPH 30YIKEHH] B CMY31 IEPEHOCY 3apALy MEHIII.
[le MoXkHa MOACHUTH 3MeHUIEHHAM edEeKTHBHOTO MTO3HU-
TUBHOTO 3apAly IJid HapHUX MEHTPIB.

IV. BUCHOBKHA

Ha migcraBl mpoBedeHHX TOCTIIKEHL YCTAaHOBJIEHO,
mo #torm Eut sxomars y ctpykTypy CazGasGesOig
y 3e TO3MIIl 3TIAHO 3 MEXaHI3MOM TeTepOBAJIEHTHOTO
samimenna Ca?t + Ge*t —SEut 4+ Ga’t s ommo-
qacHuM Tepeposmomizom Ga3t ta Ge't sa la Ta 3f
KpuctagorpadiaauMu no3uiiaMu. ONTHIHI CIIEKTPH aK-
TUBATOPHUX HOHIB mOOpe OMUCYIOTHCA B paMKax Mo-
gesi “KBasilieHTpa’, mpupoda dKOTO OB ’d3aHa 3 po-
3YMOPAAKYBAHHAM KaTIOHHOI MIATPATKH MOHOKPHCTAJIIB
CazGasGesO14. Y xpucrandax CagGasGezO19, me peasi-
3YE€ThCA MEXaHI3M TeTepOBaJICHTHOTO 3aMillleHHd, (bop-
MyIOTbCA TPH THIN aKTHBATOPHEUX HeHTpis Eudt, axi
BIAPISHAIOTHCA PIZHEM TOJIOXKEHHAM KOMIEHCYIOUOTO
IederTy MoI0 aKTHBATOPHOTO HoHa: ONMHUYIHUH MEHTD
Eu?’}";1 3 JIOKAJILHOIO CUMeTpieto Dy Ta JBa MapHUX IEH-

tpu (Eudt+ Galt) s noxamsnoo cumerpieo Co (kom-

meHcyounii  mederT Gaé‘z posMiliiennii y mepnnii Ko-
opauHaniiiniii cepi Eudt) ta Cy (komnencytoumii ne-
dexT Gaé‘z posMiliennit y npyriit Koopaunamiitaiii cdepi
Eu3t).

TakuMm IHHOM, MOKHA CTBEPIZKYBATH, IO CTPYKTYPHI
ocobsmmBocTl KpucTaais rpanary CazGasGez0q9 Ta ra-
norepmanary CazGasGeysOq4 3HATHOIO MIPOIO BILINBa-
0Th Ha (HOpMyBaHHA aKTHBATOPHHX IMEHTPIB PIAKICHO-
seMesbHEX fomis Eudt y mmx cmomyxax.
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LUMINESCENCE OF THE EU?* IMPURITY IONS
IN CALCIUM-GALLIUM-GERMANIUM
AND CALCIUM-GALLOGERMANATE CRYSTALS
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Tvan Franko National University of Lviv, Chair of Physics of Semiconductors,
50 Dragomanov Str., Lviv, UA-79005, Ukraine

Optical-luminescence properties of Eu®t impurity ions in calcium gallium germanium garnet (Ca3 GazGes 012)
and trigonal Ca-gallogermanate (Ca3 Gao Ge4014) crystals in the temperature range of 80-300 K have been inves-
tigated. It was shown that in the concentration range of 0.1 — 3at. % three types of Eu®t activator centers are
formed in CazGazGesO12 crystals. One type of the Eu®t activator quasicenter is formed in this concentration
range in the CasGazGes Oq14:Eu®t crystals. The nature of this quasicenter is caused by the disordering of 1la
octahedral and 3f tetrahedral positions.



