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[IpoBeneHo wuccrienoBaHWE PEKOMOMHAIIMOHHOW JIOMHHECHEHIIMM B YHCTBHIX M aKTHMBHPOBAHHBIX
nonamu T1, Mn** wiu NO; B KPO;. I[TokazaHo, 4TO B KpUCTAILJIE U CTEKJIC PEKOMOMHAIIMOHHBIE MTPOIIECCHI
AaKTUBHUPYIOTCA MpPHU pa3HBIX Temmeparypax. YcraHoBieHo, uto nuk TCJI mpu 100K B kpuctammmueckom
MeTtadocdare kamust o0yCIIOBIEH ABIPOYHBIM MEXaHU3MOM pekoMOmHarmu. B creximoobpaznom KPO; muk
TCJI mpu 260K cBsizaH C 3JeKTPOHHBIM MEXaHHU3MOM PEKOMOMHAIINH.

Mertadochar xanus KPO; (conp Kypposns) oTHOCHTCS K Ipymie coeIMHeHUH, 00Ia1alonuX B
OJHOM M TOM € TEMIEepaTypHOM JMama3oHe [IB€ pa3IMYHbIC YCTOMUYUBBIE CTPYKTypHBIE
MOJU(UKAIIMH — KPUCTAIUTHYECKask U cTeksioo0pasHas [1]. B kpucTaminueckoil cTpyKType Kax bl
(dbochaTHpIi aHUOH CBSI3aH C JIBYMs JIPYTMMH, U OHHM OOpa3ylOT MOJMMEPONoa00HbIe Iernu. B
CTEKJIOOOpa3HOM COCTOSIHUM aHHOHBI OPUEHTHPOBAHBI CIIy4allHBIM 00pa3oM U HE CBSI3aHBI JAPYT C
JPYyroM, T.e. MOJIUMEPONOJ00HbIE ENH pa3pylIeHbl. DTO NO3BOJSET CTABUTh 3a7auy M0 U3YUYEHHUIO
BIMSIHUS TUINA CTPYKTYPHOM MoaudHKanuu Ha MPOTEKaHHWE paJuallMOHHO-CTUMYJIUPOBAHHBIX
MIPOLIECCOB.

B Hacrtosiiee BpeMs B KpUCTAUIMYEeCKOM U cTekiaoo0pasHom KPOs metogom DIIP ycraHoBieH
ONMH THII PaJMAIHOHHBIX nepektoB — PO:’, mpeacTaBmsiommM co6oil aBTOTOKAIH30BAHHYIO
IBIPKY [2,3]. AHanM3 IUTEpaTypHBIX JAaHHBIX MOKa3all, YTO PEKOMOMHAIIMOHHBIX MPOIECCHl B 3TOM
COEJIMHEHUH HE U3yUCHBI.

Llenbto maHHON pabOTHI SABIAETCS YCTAHOBIEHUE MEXaHU3MOB PEKOMOMHALIMHU PaJuallHOHHBIX
nedexToB B MeTadocdare Kaus B pa3IMUHbIX CTPYKTYPHBIX MOJIU(DUKAIIHSX.

[Topomikoo6pazHbie 00pa3ibl ObLTH MOIY4YEeHBl TEPMUYECKOH JeTHIpaTalield MOHOKPHCTAIJIOB
KDP. UssectHo [4], uro mpu Temneparype 350°C muruapodocdar Kaaus IOIHOCTBIO TEpSeT
KpUCTAIINYECKyl0 Boay. CorimacHO JIMTEpaTypHbIM JaHHbBIM [2], mocine aperuapataiuun KDP
nojiydyaercs  Kpucrammuueckas coinb Kyppons. Ilpu narpesanmu Bbime 600°C u ObIcTpoMm
oxyaxaeHun cosib Kypposst nepexoaur B ctekinoo0pasHoe coctosiuue [3]. Hamu THI mosryueHHOro
o0pa3ia KOHTPOJIMPOBAJICS PEHTIE€HOBCKUMU MeToaaMu. OOpasiibl, aKTUBUPOBAHHBIE PAa3INUYHBIMU
HOHAMH, IIOJNy4eHBl JAeruiapartanued MoHOkpuctaiioB KDP, coxepxkammx COOTBETCTBYIOLIUE
IIPUMECHBIE HOHBI.

OOnyuyeHne H3y4aeMbIX OO0pa3LOB MPOBOJMIOCH PEHTICHOBCKUMH JiydyaMH. lcmonb3oBaH
anmapat YPC-55a ¢ monubnenoBo# TpyOkoii. Hanpshkenue Ha peHTTeHOBCKoM TpyOke O0b110 30 kB,
Tok — 0.1 +10 MA. Jl03bl 00ay4YeHHsI ONPEACISUIUCH C MOMOIIBIO (peppocynb(aTHOro 1o3UMeTpa
®puke [5].

Ha pucynke 1 mpuBeneHa xapakTepHas KpuBas TEPMOCTHUMYJIMPOBAHHOW JIFOMUHECLIEHLIUU
(TCJ) nnst wmctoro kpucrauimueckoro Meradocdara kamms. M3 prCyHKa BHIHO, YTO TOCIHIE
oOydenus oopasua peHrreHoBckuMH Jydamu nipu 80K, kpusast TCJI uMeeT JOMHUHUPYIOIIMX UK
pEeKOMOWHAIIMOHHON JroMuHecHeHnnu ¢ Makcumymom tmipu 100K, B oGmactm  200-240K
Habmomaercst cinaboe cBedenue. CrekTpaibHbIi coctaB ocHoBHoro mnuka TCJI coctouT wu3
OJIMHOYHOM MOJIOCHI M3JTy4eHus ¢ MakcumymoMm 3.1 3B. M3orepMudeckoil OTKUT TPeABAPUTEIBHO
obmyuenHoro kpucrammyeckoro KPOs npu 90K, usmepenus kpusbix TCJI npu pa3nuuHbIX 103ax
o06mydenust mokazanu, uro nuk TCJI mpu 100K sBisieTcst 31eMeHTapHbIM.

[Ipy wu3MepeHUM TeMIepaTypHOl 3aBHCHMOCTH PEKOMOWHAIIMOHHON JIOMUHECLEHINH
cTeksioo0pazHoro Mmetadocdara Kaaus TIOIy4YeH pe3yJabTaT TPUBEICHHBIH Ha PHUCYHKE 2.
CpaBuenue kpuBbix TCJI Ha pucyHkax 1 um 2 mokasbIBaeT, 4TO B CTEKJIIOOOpa3HOM oOpasie
oauHouHbli Uk TCJI cMeniaeTcs B CTOPOHY BBICOKHX TeMmmepaTyp. Ero MakcuMyM mpuxoIuTcs Ha
260K. CnexTpanbHbIii COCTaB MHUKAa PEKOMOMHALIMOHHOTO CBEUEHHsI ¢ MakcuMmyMmoM 1pu 260K
takoi xe, kak y uka TCJI mpu 100K B kpuctaimmmyeckom metadocdare kamms.
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Puc.1. (a) - Kpussie TCJI meradocdara kajausi B KpUCTAUIMYSCKOM COCTOSHUH. 1 — 1032 00JIyUeHuUs
100 I'p, 2 — 300 I'p. (6) — ciextpanbHbIi coctaB muka TCJI
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Puc. 2. Kpusas TCJI (a) u criekTpanbsHbIid coctaB (0) muka TCJI mis crekimoodpasnoro KPO;.
Ho3a obavuenus 500 I'n
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Briie yxe ynmoMmuHanock, 4to B Metadocdare Kaiaus yCTaHOBJIEH ABIPOYHBIN IEHTp THIIA
PO;’. TIpu 0GnydYeHNH PEHTTCHOBCKMMM KBAHTAMH WX BO3HHKHOBEHHE, OYCBHIHO, CBS3AHO C
noHu3anueil aHnoHoB. CrienoBaTeNbHO, B JTAHHOM COEIWHEHUHU JIOJDKHBI OBITH JIOBYIIKH JUIS
cBOOOAHBIX 3MIeKTpOHOB. B kpucramiax KDP mo nurepaTypHbIM JaHHBIM YCTaHOBIIEHBI e(EKTHI
PO;> [6]. [Ipennonaraercsa, 4To OHM BO3HHMKAIOT B pe3yJsibTaTe 3axBara B Kpuctawwie KDP
3JEKTPOHOB  JOpaguanuoHHbiIMM uoHamMu PO;. D10 mo3BONsSeT mpeamnosiaraTh, YTO
peKOMOMHALIMOHHBIE TpoLecchl B MeTadocdare Kamus CBA3aHbl C B3aUMOJCHCTBHEM JABIPOYHBIX
nentpos PO3’ ¢ snexrponnbiMu PO5>,

TakuM 00pa3oM, MBI CBS3bIBAEM BO3HUKHOBEHUE PEKOMOWHAIIMOHHOW JIOMUHECUEHIMH B
MeTtadocdare Kalusg ¢ TEPMUUYECKOW aKTUBAIMEW AJIEKTPOHOB WM IbIpoK. [lopoirkooOpasHbie
00pa3ipl XapaKTEePHU3YIOTCSI BBICOKOW CTEMEHBIO 10 paguarioHHOW AedekTHOCThI0. OOpBIBBI
MOJIMMEPOIIOIOOHBIX TeNel, 0YeBUIHO, MPEMATCTBYIOT MUTPAIIMA IO HUM 3JIEKTPOHOB U JABIPOK.
CrnenoBarenbHO, MOsiBICHUE ciaadoro ceedenus B oomactu 200-240K B kpucTauimdeckoM odpasie
MOXXHO CBf3aTh C JI0 pagUAllMOHHON  Je(PEeKTHOCThIO, TMPHUBOMALICH K  YaCTHUYHOM
pPa3ynopsiI0YEHHOCTH AHUOHHOW TTOAPEIIETKH.

[Ipu oOpa3oBaHUM SIEKTPOHHBIX U JABIPOYHBIX IEHTPOB YacCTh W3 HUX, OIU3KO
pacIoyIoKEHHbIe, cpa3zy ke PEeKOMOMHUPYIOT. [IOCKOJIBbKY MUTpalus paaualdoOHHO-HABEACHHBIX
LIEHTPOB B CTEKJIE 3aTpPyJHEHAa, CJIEAYeT OXHUAaTb, 4YTO B CTEKJIE€ CKOPOCTh HAKOIUICHMS
ceerocymmbl B mukax TCJI momkHa OBITH BBINIE, YEM B KpUCTAIIE. DKCIIEPUMEHTATIBLHO HAMHU
YCTaHOBJIEHO, YTO HakoreHue cBetocyMmbl B ke TCJI mpu 260K B crekmoobpasHoM oOpasie
00JbIIe, YEM B KpUCTAIIIMYECKOM B nuke cBeueHus npu 100K.

Jns ycTaHOBIEHHs 3HaKa PEKOMOMHAIIMOHHOTO Tpollecca ObUIM HM3YyYeHO BIMSHHE Ha
PEKOMOMHAIIMOHHBIE TIPOIECCHI MPUMECHBIX HOHOB. KprcTaymnyeckue u cTekiI000pa3Hbie 00pasIisl
OBUIH MOJIYyYEHBI PU ACTUAPATAIIIH MOHOKPHUCTAIIIOB KDP—Mn2+, KDP-TI" u KDP-NOs'.
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Puc.3. Kpusas TCJI KDP akTuBHpOBaHHOTO HOHAMH MapraHIla ITOCIIe MPEABAPUTEIHLHOTO
TepMooOpabotku 10 350°C. To3sl 00ayuenus — 40 I'p (1), 60 I'p (2), 80 I'p (3), 100 I'p (4), 120 I'p (5)

Jnist Bcex KpUCTaNTUYECKuX 00pa3uoB ObuH noxydensl kKpusblie TCJII, mogoOHble MpUBEAEHHON Ha
pucynke 3. Hamnune npuMEcHbIX HOHOB HE MNPUBOAUT K TMOsIBICHHI0O HOBbIX mnukoB TCJIL
MeHnsieTcss CHEKTpaNbHBIH COCTaB PEKOMOMHAIMOHHOTO cBeueHns. Hampumep, B KDP-TI'
cnekTpanbHblid coctaB uka TCJI ¢ makcumymoM ripu 100K conepkut ABe NOI0CH U3ITyUYEHUs pU
3.1 aB u 3.76 »B. IlepBasg mosoca H3IydeHUs XapakTepHa Ui MaTpULbl, a BTOpas — i
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BHYTPHUIICHTPOBOW JIFOMHUHECUICHIINM HWOHOB OJHOBaJIeHTHOTO Tammus [7]. Ilpu oOmydeHun
MOHU3UPYIOUIeH paauanueil MOHBI TaJUIMS MOTYT OBITH JIOBYIIKAaMHU Uil 3JEKTPOHOB U JIBIPOK.
VYcTaHOBIIEHO, YTO MOcie OONy4eHHUs] PEHTT€HOBCKMMHU JIy4aMH BBIXOJ (POTOIHOMHHECLEHIIUU
MOHOB OJTHOBAJICHTHOT'O TAJUIMSl YMEHBIIAETCS MO0 CPAaBHEHHUIO C TE€M, 4TO ObUIO 10 00IydeHus. 1o
OOBsICHAETCSI T€M, YTO MNpPH BO3JAEHCTBUM MOHM3MPYIOIIEH pajualud HPOMCXOJUT H3MEHEHHE
3apsA0BOro coctosiHus npuMecHbIX MOHOB. llosBienune B muke TCJI mpum 100K nmpumecHoi
JTIOMHMHECLIEHIIMM TOKa3bIBAaeT, UYTO paJMAl[IOHHO-HABEJICHHBIE MPUMECHBIE LIEHTPbI SBIAIOTCS
[EHTPaMH PEKOMOUHAITUY.

Hutpatnsie annonsl NO3™ aBs0TCS () (hEKTUBHBIMU JIOBYILIKAMU /17151 CBOOOZHBIX JIEKTPOHOB
[8]. Iockonbky Bux kpuBbix TCJI y KpHCTalIIMuecKux oOpasLoB KDP-Mn**, KDP-TI" u KDP-
NOs™ oaMHAKOB, MOXKHO CEJIAaTh BBIBOJ, YTO MEXAaHU3M PEKOMOMHAIIMOHHOM JIIOMUHECLIEHLIUU TTPU
100K npipounslii. B aTo TeMnepaTypHOi 00:1aCTH IPOMCXOIUT TEPMHUUECKasi aKTUBALMSL MUTPALUU
aBTOJIOKAIM30BAHHBIX JIBIPOK.
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Puc. 4. Kpupas TCJI (a) u cniektpanbHelii coctas (6) muka TCJI ans kpucranma KPOs-TI.
Hoza obmyuenus 0.5 kI['p

Ha pucynke 4 mpuBenena kpuBas TCJI mns  crekinooOpasHoro Mertadocdara Kamwms,
aKTUBUPOBAHHOTO MOHAMHM Tayutus. M3 prcyHKka BUAHO, YTO HAJIMYUE PUMECHBIX HOHOB MPUBOAUT
K nosiBieHnio HoBoro nuka TCJI. OH nposiBiisieTcs B BUJIE TIeYa Ha BEICOKOTEMITEPATypHOM KPBLIE
nuka TCJI matpunsl. M3otepmudeckum omxurom npu 260K ero yaanoce BbLAEIUTh (KpuBas 2).
Oxka3asioch, YTO CHEKTpaJbHBIM COCTaB HOBOTO IMHMKa CBe4YeHHUA ¢ MakcumymoM mpu 305K
COBIAJAET CO CHEeKTpanbHbIM cocTaBoM nuka TCJI matpuubl. CrenoBaTeabHO, MOXKHO YTBEPKAATH,
YTO B CTEKI000pa3HOM 00pa3iie HOHBI TAJLJIUS HE ABIISIOTCSA LIEHTPAMU PEKOMOMHAIUY.
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Ha pucynke 5 npuBesieHa 3aBUCUMOCTD BBIX0/1a JIIOMUHECLEHIIUN OJHOBAJIEHTHOIO TaJUIUS OT
TEMIIepaTypbl HarpeBaHus. M3mepeHus mpoBOAMIMCH ciexyrommm obpasom: mpu 80K obpasen
KPOs3-T1 obmydancs peHTTEHOBCKMMH JIydyaMHW; HW3MeEpsulacb HWHTEHCHUBHOCTH IPUMECHOMN
(OTOMIOMUHECIICHIINM;, 3aTeM O0pa3el HarpeBalics 10 OMNPEICIICHHOW TeMrepaTypsl U BHOBb
oxyaxnanca 1o 80K; cHoBa M3Mepsulach MHTEHCUBHOCTH MPUMECHOW JTIOMUHECHEHIMA U T...
[Tockonbky 00pa3iibl OBLTH TOPOIIKOOOPa3HBIE, TO U3MEPEHUE CIIEKTPOB OMTHYECKOTO MOTJIOMICHUS
3arpynHeHo0. O KOHLIEHTPALMK IPUMECHBIX HOHOB MOKHO CYJIUTh MO BBIXOJY JIIOMHHECLeHInu. 13
pUCYHKA BHJHO, 4YTO TpW HarpeBaHuu oOpasma a0 305K mpowcxonuT yBelnWUYEHUE BBIXOAA
npuMecHoi mromuHecteHuuu. ClieqoBaTenbHO, TNpU  OOJYyYEHHUH MPOUCXOAMT H3MEHEHHE
3apsI0BOTO COCTOSTHUS YaCTH MOHOB TaJLJIHs, KOTOpbIe pacnanatorcs B oomactu 305K.
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Puc. 5. TemnepaTypHasi 3aBUCUMOCTb BBIX0Ja IIPUMECHOM JIFOMUHECLEHIIUH Y TPEABAPUTEIILHO
o6myuennoro KPO;-T1"

AHanoruusble pe3yibTarbl Obuid nosydeHsl ansi KDP-NOj; B cTeki000pa3HOM COCTOSHUH.
Hanuune npuMecHBIX aHHMOHOB MNPUBOAWUT K mnosBiaeHuro HoBoro nuka TCJI mpu 175K.
Crnekrtpanbubiii coctaB nukoB TCJI mpu 175K u 260K oauHakoB M COCTOUT M3 OHON MOJIOCHI
n3iydeHus ¢ makcumymoM 1ipu 3.1 5B. [lomy4yeHHBIN pe3ynbTaThl MO3BOJISAIOT YTBEPXKAATh, YTO
MEXaHW3M PEKOMOMHAIMOHHOTO Tporecca npu 260K B crexiiooOpa3sHom metadocdare kamus
SIBJISICTCS AIEKTPOHHBIM, T.€. ITOJIBUKHBII 3JI€KTPOH PEKOMOUHUPYET C HETIOABUKHOMN JBIPKOI.

Takum oOpa3oM, B pe3yJbTaTe TMPOBEICHHBIX HCCICIOBAHWN IIOKAa3aHO, 4YTO B
Kpuctammmueckom Mmertagocdare kaaus B obmactu 100K peanusyercss AbIPOYHBIH MeEXaHU3M
PEKOMOMHALIMOHHOTO Tporecca. B CTeKI000pa3HOM COCTOSHUM DPAa3yNoOpsIOY€HUE aHHUOHHOU
MOJICUCTEMBl  MPEMATCTBYET MHIPALUU JABIPOK. MeXaHu3M peKOMOMHAIMOHHOTO Ipolecca
CTaHOBUTCS JIEKTPOHHBIM.
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KAJINIA META®OC®ATBIHIAFBI PEKOMBUHALIUSIJIBIK TPOLIECTEP/IH,
MEXAHM3M/IEPI

A.C. BaarabexoB, JI.M. Kum, A.Jl. TyaeryJios

Tasa sxone TI, Mn?* Hemece NO; HOHJapbIMeH akTHBTCHreH KPOs3-FbI pPEeKOMOMHAIIMSIIBIK
JIOMUHECLICHITUSAFA 3epTTey Kyprizimmi. Kpuctamn MeH IIbIHBIAA PEKOMOMHAIUSUIBIK MPOLECTEP SPTYPIIi
TemnepaTypana OenceHzi 6omateiHbl kKepeeTinai. Kpucranapik kanuit metadocdarrarst TCJI-H 100K mibrHst
PEKOMOMHAITUSAHBIH KeMTiKTI Mexanu3Mine HerizmenreH. Ilember Topizgec KPO;z-ri TCJI-H 260K mbIHbI
PEKOMOUHAIUSHBIH JICKTPOHIBI MEXaHU3MIHE OaMIaHBICTHI.

THE MECHANISMS OF RECOMBINATION PROCESSES
IN POTASSIUM METAPHOSPHATE

A.S. Baltabekov, L.M. Kim, A.D. Tulegulov

The research of recombination luminescence in pure and doped by TI", Mn*" or NO;™ ions in KPOj is
carried out. It is shown, that in a crystal and glass the recombination processes are activated at different
temperatures. It is established, that the TL at 100K in crystal of potassium metaphosphate is caused by hole
the mechanism of recombination. In glasslike KPO; the TL peak at 260K is connected to the electronic
mechanism of recombination.
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