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HEKOTOPBIE ONTHYECKHE CBOHCTBA NaCl,
AKTUBHPOBAHHOIO LEPHEM

JI. A. UEPBSKOBA, M. {. MEJIMUK-TAMKA3SH

Muordmy aBropamu [1, 2] 6blJI0 MOKa3aHO, YTO TpU GOJBIIOH KOHIEHT-
pauun Pb, Mn, Cd oxpauiiBaeMocTh LIeJOUHO-TAJIOUAHBIX KPHCTAJJIOB
yMeHdblnaercsi. HecomueHnHo, npeicTaBisieT HHTepec H3yuyeHHe TOBeleHUd
TPEX3apsIAHbIX HOHOB, 006JalaiolldX CHJBHBIM 3JIEKTPOHHO-aKIeNTOPHBIM
CBOMCTBOM, B 3THX KpHUCTaJJax. ABTOpbl HacToslled paboThl NPeanoaoxu-
JH, 4TO BJHSHHE TPEXBAJIEHTHbIX KaTHOHOB Ha IIJIOTHOCThL LEHTPOB OKPAaCKH
OKaXeTCsi BECbMa CJIO0XKHBIM, TAK KaK BBCAEHHe B LIEJ0YHO-raJloujHble KPH-
CTAJLMB] TPEXBAJEHTHOrO HOHA Hen30exXKHO yBeanuupaeT AedeKTHOCTh KaTHOH-
HOll CcyOpeIleTKHd, 4yTO YJIyulllaeT YCJOBHS JOKAAHM3ALHH JILIPOK, a CJefoBa-
TeJIbHO, YBEJHYUT MJOTHOCTh f-IIeHTPOB.

C npyrofi CTOpOHHI, HAJHUHE B peIleTKe TPEXBAJEHTHBHIX HOHOB, obJa-
AaIKHX BbLICOKHM TOTEHI{HAJOM HOHH3ALHH, CHOCOOHBIX JIOKaJ/JlH30BaThb
3JIGKTPOHDI, NpHBeAeT K JedHIHTY 3JIeKTPOHOB B 30HE NPOBOJHMOCTA B BO3-
Gy»KAEHHOM H3JyUeHHeM KpHCTaJJje, a CIeJ0BaTeNbHO, MPH HEKOTOPOH KOH-
HEeHTPAUMH MPUMECH MJIOTHOCTb. F-IleHTpoB yMeHbpwHTcA. C 3TOH TOUKH 3pe-
HHSl MOHBl PEJKHX 3€MeJb, HMelollhne pAx O0COOEHHOCTEH, NPeACTaBasIoOT
6oJbIION HHTepec KakK akTHBAaTOpbl. ONTHYeCKHe 3/1eKTpoHbl 4 f-oGonouku
TPEX3apAIHbIX MOHOB PEIKHX 3eMedb, 00/1afaloluX 3JeKTPOHHOH KOH(HTY-
panueit 152 .... 4f¥5S525p5, xopolo 3allHINEHE OT BHELIHHX BJAASHHA 3a-
NOJHEHHEBIMH oGosoukaMu. MccienoBanye cieKTPOB HOHOB PefKHX 3eMellb,
‘3aMellaloiIuX KaTHOH OCHOBHOTO BellleCTBa B y3/aX KPHCTAJJIHYeCKOHd pe-
IHEeTKH, TECHO CBSI3aHO ¢ BHYTPEHHHUM CTPOCHHEM TOH cpelbl, B KOTODPOH Ha-
xoauTcsa HOH. [103TOMY HOHBI pe/KO3eMeJbHbIX 3/71€MEeHTOB, 0Jarofaps cBOeil
CnOCOBGHOCTH JIIOMHHECUUPOBATh, MOTYT. CJIYXKHTh B KauecTBe UYYBCTBHTEb-
HBIX 30H/A0B, BBOJHUMDbIX BHYTPb HCCJIEAYEMOro BellecTBa, OIPH U3YUEHHH (H-
3HYEeCKHX sIBJEHHUH B TBEPAOM TeJe [3].

Hacrosailas pafora colepKHT npeABapHTeJbHblE JTaHHBIE 10 H3YUYCHHIO
HEKOTOPBIX ONTHUECKHUX cBoHcTB Kpucra/ioB NaCl, akTHBUPOBAaHHBIX Le-
pHeM, TPHIOTOBJEHHBIX TPeMsi Pas3JHYHBLIMH crnocobaMu: 1) BeipalluBaHHE
U3 pacnjama [4]; 2) Merolom snextporepmoauddysun (3tn) [b]; 3) mero-
J10M npeccoBanus [6].

HecmoTps na 6Gau3KOe 3HaueHHe HOHHBIX pPaIuyCOB LePHs M HaTpust
(0,99 u 0,98 A) pacrBopumocth CeCly; B NaCl mana u obpasoBanue TBep-
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A0T0 pacTBOpa IO THIY saMelleHus: 3aTpyaHexo. [lo-BUIUMOMY, 3TO CBsi3d-
HO C TeM, UTO BCTPAHBAHHE B PEIIETKY OJHOrO TPex3apsi/iHOro HOHa TpebyeT
06pa3oBaHUs ABYX KATHOHHBIX BaKAHCHI JJIsI COXPaHEHUs 3/E€KTPOHEHTPasIb-
HOCTH KPHCTaJJIOB B 1egoM. Tak Kak pacTBOPUMOCTh MPHCAAKU eCTh PYHK-
LMs [epBOHAYaJbLHOH [e(eKTHOCTH KPUCTA/LIA, CAEJdHO INPEenoJoKeHnue,
yTo mpH BBejenuu B ocHoBaHue SrCly, BHOCALLEro ¢ cO00K AOTOMHMTEIBHOE
UKHCI0 BAKaHCHH, YJAYYIIMTCH YycaoBHe 00pasoBaHHsI TBEPIOTO pacTsopa

NaCl. Ce.
Bce Hceaegyembte

KpHCTaMabl  ObliM  BbIpa-
47 ' MIEHbl CAMHM 3KCIEepPHUMEH-
) TATOPOM B OTKayeHHbBIX H
7 3amnasiHHbIX KBAPIEBBIX
amnysax us coau NaCl,
OUYUILLeHHOHU AUTH30HOM,
SrCl, MapkKd 4. J. a. H
CeCls. Kak  mnoxasaqau
OTBITHI TIO  BBLIPAILIMBAHUIO
kpucraanos NaCl-Ce, 1e-
puil MJA0X0 PpacTBopsercs
B OCHOBAHHH, KPHUCTAJI

noJydaercs MOJyNpos-
payHbIM.

[Ipu paBHOH KOHILeH-
’ ‘ Amg tpauun CeCl; B muxre
220 240 260 zaz S0 320 el NaCl u NaCl'SrCls B mo-
cJaeaieM cJaydae Kpucrad-
liuc. 1 CriekTpnl BO3GYIEeHHS KPHCTAMLIOB: Jpl  BbipacTaJH Ipo3pay-
5 -— NaCl-Ce, BBIPALLEHHOIO M3 pacuiaasa, HBIMH, YTO NIOATBEPIKIANO
— NaCl.8r-Ce, Bpipamenuoro us pacmiaasa, Halle MPEeInoAoKeHHe OT-

38—NaCl-Sr-Ce, npurotosnennoro metonom T/, N PEANO: cHme
4 — NaCl-Ce, n10ayueHHOro npeccoBanuem. HOCHTE&JILHO YJAyHII€HH
PaCTBOPUMOCTH CeCl;

B NaCl npu oanospemennom BBezennu B nero SrCl,. CpaBHHBAMHCH CBOI-
ctBa obpasuos NaCl-Sr-Ce, NaCl-:Ce u NaCl-Sr, NaCl cooTBeTCTBEHHO, Bbi-
PalleHHDIX B ONNHAKOBLIX yC/I0BHAX., CofAepaKaHHe XJAOPUCTOrO IEPUA B LINX-
re namensanoce 10 0,1 mon%. CsofictBa kpucranaodpocdopos NaCl-Sr-Ce,
NIPHrOTOBAECHHBIX METOACM 3.T. ., cpaBHuBajuck ¢ oOpasmamu NaCl.Sr,
BMEIOINMY  oAMHAKOBYI0 npenuctopuio. [lonyuurs ofpasuel mertogonm
AU dy3un u3 rasoseil ¢asul [7] He yaaaocs. Bo Beex Kpucraaiaodochopax,
JIDUTOTOBIEHHDBIX PA3IHYHBIMH CIOCOOAMH, OGHAPYHKUTH AKTHBATOP MO CIIEKT-
paM norJollenust Npd KOMHATHOH TeMIepaType MOUTH He yAaercs, OJLHAKO
OH XOpoWo nposiBjger cebs B chneKTpax Bos3OyxaeHus. B o6aacta or 2,0
10 6,0 ev kpucranas NaCl u NaCl- Sr copeplIeHHO MPO3PAUHbI. DyHmaMeH-
Tanbnoe noriouwenne NaCl u NaCl-Sr nauwnaerca B oBaactu 1 v > 6 ev,
CJIEN0BATENBHO, MOXKHO CUHTATh, UTO NPHBeJEHHbIE HA PHC. | cleKTpsl (B 00-
aactu 3,5 < h v <55 ev) COOTBETCTBYIOT NpAMOMY (HOTOBO3OYIK ICHHIO
MpUMECHLIX UeHTPOB. [Ipu BO30YXKAEHHH BO BCEX AKTHBATOPHLIX MOJ0CAX
Ha0J/1I04aeTCs U3NyUeHHe B CHHell 06/1acTH, XapakTepHoil aJs uepus. Cie-
AYeT OTMETHTh, 4To 3axayka Kpucraanos NaCl-Sr-Ce ot 450°C npuBogmt
K YMCHBUICHHIO HMHTEHCHBHOCTH B CIHeKTpe BO30yxIeHust, a B ofpasuax
NaCl-Ce npn 3HauuTe bHOM COAEPKAHHH AKTHBATOPA [0C/AE 3AKAJKH HOSE-
JASIETCA BTOPOH MAKCHMYM % == 325 mp H BO3PACTAeT MHTEHCHBHOCTL MEPBO-
ro 4 ==285 my. 9To, OUCBHIHO, CBA3AHO C TEM, UTO [IpU 3HAYATEJLHbIX €O-
NMepKAaHUAX aKTHBATOpPa, MOCJACJHHN OGyNeT HaXOAUTLCS B OCHOBAHHHM KakK
B DEryJsipHbIX y3/Jax DEIUeTKH, TaK U B ee JedekTHbXx MecTax. B pesyan-
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TaTe TEmJOBOro BO3JAEHCTBHS HOHBI Lepust AUGOYHAUPYIOT Aajiee B PEUIETKY,
BO3MOXKHO, UMeeT MecTo gonosanutesbHoe pacrBopenune CeCls, npucyTerBue
kotoporo B kpuctajgigax NaCl-Ce yxe oTMedasoCch BhILIE.

250 300 33¢ A my

Puc. 2. Cnektpst Bo3bywaenus NaCl-Ce:
1 — nesaxanenHbli 2 — nocae 3axkaakm oT 450°C,
3 —nociae oO0ayueHus PeHTreHOBCKHMH JyuaMH,
a) NaCl; duaptp ¥Y$C —3.

BO3MOXKHO, UTO AJHHHOBOJHOBAA T0J0ca A ==325 mu B CHOEKTPe BO3-
GysaeHusi CBSI3aHA C 3JEKTPOHHBIM TEPeX0oJOM B NMPHMECHOM LEHTpe, pac-
IOJIOJKEHHOM B PeryyspHOM YyaJe pDelleTKH, a KOPOTKOBOJHOBAA I0J0ca
A =285 mp moer ObITh NPHIOMCaHa LEHTPAM BTOPOTO poia, KOTOpble MO-
ryT GbITh IIPEJACTABJEHBI B BHJe KOMILIEKCA, COCTOSILEro H3 HOHA aKTHBA-
TOpa ¥ KaTHOHHBIX BaKaHCHH.

[Tog meficTBUeM pPEHTreHOBCKHX Jiydell TIOJIOXKeHHe TI0J0C B CIEKTpe
BO3GYIKAEHHSA HE MEHFETCH, OQHAKO HHTEHCHBHOCTb WX CHJIBHO MOHMXKAeTCs
M CIeKTP CTAHOBHTCS JOBOJBHO PasMbiThiM (puc. 2). Ha XOpoTKOBO/JIHOBOM
cnage F-noaoch (B ofgactu or 260 mp no 340 mu), rie HMeeTcs ChHak
B «uHMCThIX» KpHcraanax NaCl-Sr, B akTHBHPOBaHHBIX LepHeM o00pasuax
HabJIoaaeTcsi MoJjoca, HO TMPH KOMHATHO# TemnepaType BbIIEJHTh €€ HE
yaaetca. Caenyer ormeruth, uro kpucrasisi NaCl-Sr-Ce u NaCl-Ce xopo-
1I0 OKPAIIMBAIOTCst NMPH OBJAYUEHHH PEeHTreHOBCKHMH ayuyamu. OGpasyercs
cunbHag F-nojoca, TNOJQymIMpHHA KOTOPOil 3HAuUTeJbHO OOJblle, UeM
y NaCl-Sr u NaCl (0,83 ev u 0,54 ev coorBercrBenHo). Bosmoxno, uro
B Hawmux Kpucrajiaobocdhopax 3To paciinpeHne oO6YCJAOBJIEHO HaAJOKEHHEM
Ha F-mosiocy Opyrodl moJoce!, CBI3aHHOH ¢ aKTHBATOPHBIMM LEHTPaMH, npe-
06pa3oBaHHBIMH MO/ JeHCTBHEM DPEHTreHOBCKHX Jydel, OJIHAKO pasienyth
3TH MOJIOCHhl aHaJHTHUeCKHM nyTeM He yraercsa. M. A. Tlapduanosuu ¢ co-
TpyAHuKamu [8], usyuas JIOMHHeclieHTHble cBofictBa kpucrtadios NaCl-Eu
u KCI-Eu, BHICKasaa nono0HOe HNPERNOJOKEHHE O CJA0KHOM XapakTepe
F-nonocol. ITocae pefictBusi F-cBeTa aKTHBATOpPHAs ToJ0ca MpOsABJAAETCA
GoJiee OTUETJNIHBO W HMeeT CJOXKHVIO CTPYKTYypy (pHc. 3). Ecan no cnexktpam
BO30YXKIECHHSA MOXKHO NPOBECTH OTHOCHTCJBHOE CPABHEHME COAEDXKAHHUA Le-
pHSI B KpHCTaajaax, TO IpeJCcTaB/sfeTcsl BO3MOXKHLIM C/1e1aTh BLIBOA H3 CO-
nmoctaBaeHusi okpawmwpBaeMoctn kpucraanoB NaCl:Ce u NaCl o toMm, uro
OCHOBHYIO POJIb NPH JOKA/JIM3alHH 3/J€KTPOHOB UTPaioT aKTHBATOPHbLIE LEHT-
pol. [1pu paBHON KOHIlEHTpPaUUH ST B KpHUCTaae, B cjydae GoJbllero cojep-
JKaHug 1epHus, KPUCTaJJa oKpalluBaeTcs c/aalee, uem olOpasen ¢ MeHbLIeil
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KOHIUEHTpalHell Lepusi, 4TO ellle pa3 NOATBEPXKAAeT CHJIbHOE NpoABJEHHE
3J€KTPOHHO-aKIENTOPHBIX CBOMCTB aKTHBATOPA.

F Kew
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Puc. 3. CrnekTphl NOCAOUEHHSE KPHCTANA0B, O0JYYeHHBIX PEHTTEHOBCKHMH AV-
YaAMU:
1 — NaCl-Sr-Ce, 2— NaCl.Ce, 3. — nauHHOBONHOBAA 4YacTh F-NOJOCH nochie
aeitcTBua F-cBeta:
a — cpasy nocie cCayyennd, 6 — nocae nederua F-csera 10 MuH, B — nocie
neitctoua F-ceeta 30 Mu.

B npoubcaeHHBIX KCNEPHMEHTAX Mbl He HAOJMI0OLaJH TOBBILEHHe OKpa-
muBaemoct KpucranioB NaCl.Sr-Ce u NaCl-Ce. OueBuano, nist npoBepKl
3TOrO NPeANnoJOKeHHs HeoOXOAMMbI jAajbHeliline HCCIeA0BaHH,
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