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AHHOTaIHUS. Co3mana  aBTOMAaTH3MpOBaHHAas  JIOMHUHECICHTHAs  YCTaHOBKA 110  HM3MEPEHHIO
TEPMOCTHMYIMPOBAaHHOHN JIFOMHHECIIEHIINH [IETOYHOTAJIONIHBIX KPUCTAIIOB. JIFOMUHECIIEHTHAs yCTaHOBKA COCTOUT U3
JIBYX KaHaJIOB: CIIEKTPalbHbIA U MHTErpajabHbIA. [[eHTpaIbHBIM y3JI0M JAaHHON YCTAHOBKM SIBISCTCS METaJUIMYECKUN
KpHOCTaT ¢ OEpUIUIMEBBIM BXOAHBIM U JIUTHI-(DTOPOBBIMU BBIXOJIHBIMH OKOIIKamMH. O0mydeHHe 00bEKTOB U CO3/IaHKE B
HUX PaJMalMOHHBIX JE(PEKTOB OCYLIECTBISIETCS C MOMOUIBIO peHTreHoBckoro amnmaparta PYIT - 120. WaterpanbHbii
KaHal YCTaHOBKM TIIO3BOJISIET B aBTOMATHYECKHM pPEXHMME OCYIIECTBIATH ckaHHMpoBaHHe oT 95 K (temmeparypa
xuakoro aszora) g0 500 K u mosmydeHne IPOTOKOJIOB M3MEPEHMS TEPMOCTHMYJIMPOBAHHOW JIIOMHHECHIEHINH B
nporpamme Termo SCAN. OOpaboTka KCIEPUMEHTAIBHBIX JaHHBIX IPOU3BOIMTCS C WCIIOJIH30BAaHHEM HPOTPaMMEI
Origin Pro. B pannoif pabGore B KadecTBe TpHUMEpa ONWCAaHA METOAMKA CKAaHMPOBAHUS  CIIEKTPOB
TEPMOCTUMYJIHUPOBAHHON JTFOMHHECIICHIINH KpucTauios KBr.

KiroueBble cjoBa: IIETOYHOTAJOWAHBIM KPHUCTAII, TEPMOCTHMYJIHMPOBAHHAS JIIOMUHECLEHINS, YHpyras
nedopmanus, TeMIepaTypa, peHTTeHOBCKOE 00IydeHue.

Annarna. CiITUIragouaThl KPUCTAJIIAPBIHBIH TEPMOCTHMYJJICHICH JIIOMMHECLEHUMSCHIH oley OoibIHIIa
aBTOMATTAHABIPBUIFaH JIFOMUHECHEHTTI KOHJABIPFBI KYPBULABI. JIIOMHHECHEHTTI KOHIBIPFBI €Ki apHamaH Typajpl:
CHEKTpaJabl koHe HHTerpainjbl. OChl KOHABIPFBIHBIH OPTabIK TOPAObl OEpHIUTMH JKOHE IUTHUH-(OTOP MIBIFATHIH
Tepesesiepi Oap Metamn KpuocTtaT Ooibin TaObitansl. OOBEKTUIEpAl COyNENICHIIPY JKOHE OJaplarbl paJuallvsuIbIK
akaynap naiina Goxysl PYII-120 peHTren ammapaTbl KOMETiMEH JKy3ere achlpbuiaibl. KOHIBIPFBIHBIH HHTETPAIIIBI
apHachl aBTOMATTHI pexumae 95 K-nman (cyibik a30T Temmepatypacsl) S00 K-re neitin ckanepneyni xone Termo SCAN
OarmapiamMachlHIa TEPMOCTUMYJIHUPJICHICH JIIOMHUHECICHIIUSIHBl ONIey XaTTaMaJapblH alydbl JKy3ere achlpyra
MYMKIHIIK Oepemi. DKCepuMeHTTIK aepexTepai exaey Origin Pro OarmapiaMachlH madanaHa OTBIPBIN KYpri3iiemi.
Byn xymeicta meican perinae KBr kpucrangapsIHBIH TEPMOCTUMYIICHTE€H JTIOMUHECIICHITUS CIIEKTPJIEPiH CKaHepiey
ozicTeMeci CHITaTTaJIFaH.

TyiiiH ce3mep: CUITLTIrAJIOMITHI KPUCTAI, TEPMOCTUMYJIJICHTEH JFOMHHECICHIUS, CepHiMai Iedopmanus,
TEMIIEpaTypa, PEHTI'CH CayJIeNeHyl.

Annotation. An automated luminescent unit for measuring thermostimulated luminescence of alkali-halide

crystals has been created. The luminescent installation consists of two channels: spectral and integral. The central node
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of this installation is a metal cryostat with beryllium output and lithium-fluorine output windows. Irradiation of objects
and the creation of radiation defects in them is carried out using an x - ray device RUP-120. The integrated channel of
the unit allows automatic scanning from 95 K (liquid nitrogen temperature) to 500 K and obtaining protocols for
measuring thermostimulated luminescence in the Termo SCAN program. Experimental data is processed using the

Origin Pro program. In this paper, as an example, a method for scanning the spectra of thermostimulated luminescence
of KBr crystals is described.

Key words: alkaline halide crystal, thermostimulated luminescence, elastic deformation, temperature, x-ray
irradiation.

The study of radiative relaxation of self-trapped excitons (STE) in alkali-halide crystals
(AHCs) when the lattice symmetry is lowered by uniaxial deformation is possible if the following
requirements for the experimental setup are met. Experimental methods should be luminescent and
emission spectra of the STE must be registered at low temperatures (95 K); fluorescent installation
shall provide spectra in the range of the spectrum from 6.0 to 2.0 eV; the crystals should have the
cubic structure for a uniaxial strain in the crystallographic directions <100> and <110>, as well as
cleaned from impurities, because the STE luminescence is luminescence of the crystal.

The luminescent installation can be divided into two channels. These are the spectral and
integral channels for registering crystal radiation (Fig. 1). The spectral channel of the device allows
registering X-ray luminescence, tunnel luminescence and thermostimulated luminescence (TSL)
spectra. The integrated channel of the installation allows you to register the TSL and the total light
sum of radiation. The spectral range of the installation is determined by the MSD-2
monochromator. Scanning of radiation spectra in the range of 200-800 nm was performed in
automatic mode [1].

The central unit of the installation is a metal cryostat with beryllium output and lithium-
fluorine output windows. The cryostat allows you to set the desired degree of deformation at 95 K

in a vacuum. [2].
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Figure 1. Flow diagram of the experimental installation
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The cryostat is vacuumed by a vacuum post. The installation uses a PMT manufactured by
Hamamatsu (Japan). Cooling of the crystal is achieved by pouring liquid nitrogen into the cryostat
reservoir after it is evacuated to the level of 10 Torr. The crystals were irradiated with the RUP-
120 X-ray unit (W, 3 mA, 125 kV), which emits a hard X-ray spectrum that penetrates the entire
thickness of the sample compared to the characteristic spectrum. The energy of the X-ray quantum
when absorbed by the crystal is spent on the excitation of the electronic subsystem of the crystal, as
a result of which high-energy electronic excitations are created in the AHC. In a very short time,
they are converted into low-energy electronic excitations (excitons), the further relaxation of which
ends in either the creation of radiation defects or the radiation of the crystal [3-4].

The experimental TSL method, which is an integral part of thermal activation spectroscopy,
was introduced into physics by academician Lushchik C.B. [5], the order of measurement of which
is as follows: the crystal is initially cooled to low temperatures (95 K) and at these fixed
temperatures is irradiated for a long time with ionizing radiation (X-rays) in order to accumulate a
sufficient concentration of oppositely charged radiation defects. Then the irradiation stops, and after
these procedures, the crystal is heated at a constant rate to the temperature of thermal destruction of
the F-centers (500 K). As a result of heating of such a crystal, as the thermal destruction of low-
temperature hole centers of color (H ,, Vi, V., Vi, ) their alternate delocalization occurs,
followed by migration and recombination with the electronic F-center, which is accompanied by
radiation of the crystal. Moreover the maximum peak of the TSL curve corresponds to the
maximum breaking temperature of a specific center in a given crystal (for example, 7, -center in a
crystal, KCI has a maximum TSL at 210 K).

The TSL measurement ends with a series of radiation bands whose maximum intensity

corresponds to certain temperature values (Fig. 2).

Figure 2. Graphic display area of the TSL of the KBr crystal
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On the described luminescent installation, it is possible to implement a method of
decomposition into spectral components in peaks of TSL of crystals in a wide temperature range
(100+400 K) during the ignition, the intensity of which changes in a narrow temperature range
(5+10 K). At the maximum peak of TSL, its maximum intensity becomes almost constant in a short
time (independent of temperature), and a favorable situation is created for registering its spectrum.
The maximum scanning speed of the equipment (50 nm/s) allows for a minimum temperature
change (0.9 K) of the sample to register the spectrum in peaks of TSL in the range of 300 nm (for
example, from 200 nm to 500 nm) for 6 seconds (Fig. 3). When the range of the recorded spectrum
is narrowed to 100 nm, the scan is performed in 2 seconds, which corresponds to a change in the
temperature of the crystal by 0.3 K.

It is experimentally established that the heating time of one peak of t TSL of AHCs,
depending on the half-width of the band at a temperature of 5 K and 10 K, is 33 and 66 seconds,
respectively. During the heating of a single peak of TSL of the crystal, the equipment manages to
repeatedly scan the specified range of the spectrum (from 6 to 10 times), since the scanning is

performed in two directions without "dead time".
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Figure 3. Graphic display area of the TSL spectrum of the KBr crystal at 110 K

According to the described method, we registered thermostimulated luminescence and TSL
spectra of the KBr crystal before and after low-temperature deformation.

Thus, this paper describes a method for registering TSL and TSL AHCs spectra. TSL and the
TSL spectrum of a KBr crystal under low-temperature deformation are demonstrated.
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MPHTH 27.31.17
MHOT'OITEPUOIUYECKHWE PEINEHUSA JUHEWHBIX CACTEM
C KBASBUIIEPUOJNUYECKHUM OIIEPATOPOM JJU®PEPEHIIMPOBAHUA

CAPTABAHOB K.A., OMAPOBA B. K., PAXMETOB A.A
AxmroduHCcKull pecuoHaIbHbll 20cyO0apcmeenublil yHugepcumem um. K Kybarnosa,

Axmobe, Kazaxcman

Anparna. 3eprTeyne KBasunepuoATsl auddepeHiiuaniay oneparopibl €Ki TeHIACYACH TYPAThIH ChI3BIKTHI KYiie
KapacTbIppulbl. bip aifHbIManbichl OOWBIHINA MEPUOABI, Keleci ailHPIMAIIBICHI OOWBIHINA KBa3UIIEPHOATHI JKoHE OipJei
KHUUTIKTEp 0a3WMCiHEH TYpPAaThIH INCIIIMHIH 0ap JXKOHE KalFbI3JbIFbl €CeOiH 3epTTey HAKThl OCHTIH KaHmail ma Oip
KOMIUIEKC MaHaiblHAa opOip aiHBIMAJBICHl OOWBIHINIA HAKTHI AHAJMUTHKAJBIK JKAJFACTBHIPBUIATHIH KOIEPHUOITEHI
Oepitrennep OOMBIHIIA aHBIKTANFAH JKYHCHIH KOMIIEPHOATHI MICHIIMI TEOPWACHl OMici HETI3iHAe JKacalibl.
AVHBIMaNBIIAPEl OOWBIHITA HAKTHl aHAMTHKAIBIK JKOHE KBA3HUIIEPHOATHUIBIK JKOHE HOpMAchl OOWMBIHINA HAKTHI OCHTIH
MaHAWBIHBIH CHIHECH TOYeJI IIaMaMEH JKOFapbhIIaH IICKTEIreH Oarajnay KacueTTepi Oap jKajifbi3 INCIHIMHIH 0ap
OOJIYBIHBIH JKETKUTIIKTI IIApThl ajbIHABL. bBepiireH ecenTi ChIHIBIK €MEC, CHIHIBIK JKargaiiapiaa na IIerryae
KOJIJAHBUIATHIH JKaHA 3€PTTEY SiCi YCHIHBUIIHI.

Tyiiin ce3nep. Ksasunepuogumueckoe pemierune, omnepatop auddepeHnupoBanus, ¢ynknus [puHa,
BEIICCTBCHHO aHAIMTUYCCKAsT (DYHKIUS, KPUTHUCCKUA U HEKPUTHUYCCKHUH CITydau.

AHHoTauusi. B nccnenoBanuu paccMaTpuBaiach JIMHEHHasi CUCTeMa JIBYX YPaBHEHHUH € KBa3UIEPUOAMYECKUM
omeparopoMm auddepeHimpoBanus. lccnemoBaHue 3aJadd  CYIIECTBOBAHUS W €IWHCTBEHHOCTH  pEIICHUH
MEePUOJUYECKUX O OJHOM NEePEeMEHHOM M KBa3WUINEPHUOAMYECKUX IO APYTroil MEepeMEeHHOW C TeM K€ YacCTOTHBIM
6a3ucoM pazpaboTaHa Ha OCHOBE METOJIOB TEOPHH MHOTOMEPHOAMYECKUX PEUICHIH CHCTEMbI C MHOTOIIEPHOMYECKUMHU
BXOJIHBIMHM JIaHHBIMH, BEIIECTBEHHO-aHAJIUTHYHO TPOJOJDKUMBIMH 110 KaXKIAOW MEePEeMEHHOH Ha HEKOTOPYIO
KOMIUIEKCHYIO  OKPECTHOCTh JICWCTBUTEIBHOW OCH. YCTAHOBJICHBI JIOCTATOYHBIE YCJOBHS  CYIIECTBOBAHHS
€IMHCTBCHHOTO peIICHNs, O00JaJaloero CBOMCTBaMU BEIIECTBCHHO-AHAJUTUYHOCTH W KBA3HIEPHOAMIHOCTH II0

NEPEMCHHBIM 1 OHCHKOﬁ IO HOpME CBCPXY BCHI/I‘IHHoﬁ, 3aBPIC5[HleI7[ OT HMIMPUHBI OKPECTHOCTU HeﬁCTBHTeHLHOﬁ ocCHu.



