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DETERMINATION OF THE PARAMETERS OF CAPTURE
CENTERS OF THERMALLY STIMULATED LUMINESCENCE
IN KBr AND KCI CRYSTALS

Abstract. Thermoluminescence (TL) spectroscopy is the most appro-
priate method to determine trap levels in the band gaps of crystals. The
trap levels have a significant influence on the durability of luminescence.
The trap levels contain charge carriers and prevent their recombination to
luminescence center; as a result, luminescence is delayed. The depth of the
traps can be determined by using the temperature corresponding to the TL
curves.

The article presents the results of registration of thermally stimulated
luminescence of KCI, KBr crystals and calculation of the activation energy
of thermally stimulated luminescence. The measurements were carried out
at temperatures from 10 to 325 K. As a result, the temperature dependences
of the intensity were obtained. The calculations were carried out according
to the Lushchik method using the MathCad computer program. In the spectra
of KBr crystal there are two main bands, the first band at a temperature of
about 40 K, corresponding to the luminescence of self-trapped excitons,
and second band - 170 K, corresponds to the freezing of radiation staining
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in the temperature range, when the holes lose mobility. In the curved
thermostimulated luminescence of KCl crystal, the basic maximums are 33
K, 50 K, 65 K, 230 K, that correspond to the recombination of tunneling
electrons and spatially separated F- and H-centers.

Key words: alkali halide crystals, crystal KBr, crystal KCl, activation
energy, Lushchik equation, luminescence.
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KBr ’KOHE KCI KPUCTAJIZAPBIH/AT'BI
TEPMOCTUMVVJIBAEHTI'EH JIIOMUWHECHEHIIUAHBIH
KAPMAY OPTAJIBIKTAPBIHBIH ITAPAMETPJIEPIH AHBIKTAY

Annoranus. TepmomtomuHecteHTTi (TL) ciekTpockonust — OyJ1 Kpuc-
TalJapblH THIUBIM CAIBIHFAH alMaKTapbIHIAFbl TY3aKTApAbIH JICHICHiH
aHBIKTAyAbIH €H KOJNainbl omici. Ty3aKThH ACHredi IJIOMHHECIICHIIHS
Y3aKThIFbIHA alTapibIKTal ocep eremi. Ty3ak JeHreusepi 3aps/] TacbiMall-
JaymbIapad Typajbl )KOHE OJIap/IbIH JIFOMHHECIEHIUS OPTAJBIFbIHA Pe-
KOMOMHALIMSCHIHA 5KOJT OepMEHi/Ii; HOTHKECIHAE JIIOMUHECLISHITHS KelIeyi-
neimi. Ty3akTapaelH TEpPEeHOITiH TEPMOIIOMUHECICHIIMS KUCHIKTApbIHA
COMKeC KeJIETIH TeMIIepaTypaHbl KOJIaHa OTHIPBIN aHBIKTAayFa 00JIaIbl.

Makanaga KCIl, KBr kpucranmapblHblH TEPMOCTHUMYJIBJICHTEH JIFOMH-
HECIICHIUSACHIH TIpKEy MKOHE TEPMOCTHMYJIBJICHTCH JIFOMUHECIICHITUS-
HBIH aKTHBTCHY JHEPIUSICBIH €CENTEy HOTIKEIepl YChIHBUIFaH. Omey
10-man 325 K-re peiiinri temmeparypajia >KYpri3uiai, HOTHXKECIHIE Kap-
KBIH/IBUIBIKTBIH ~ TeMIIepaTypaiblK Toyenauriri aneiHabl.  Ecenreynep
Mathcad xommbroTepmik O6armapiaMachlH KOJJlaHa OTHIPHI, JIymuk oici
OoibiHIIa XKYpri3inai. KBr kpucrassl ciekTpiepine eKi Heri3ri )koak oap,
Oipinmi sxomak mamameHn 40 K, o e37iriHeH KapMaliFaH SKCUTOHIAPIbIH
JIFOMHUHECIICHITUSIChIHA COMKeC KeJle i, ajl eKinmIi xojak - 170 K, kemTikTep
KO3FaJIFBIIITHIFBIH JKOFAITKAH Ke3/Ie TeMIlepaTypa Juarma3oHblHIa pajina-
USIBIK OOSTy[BIH TOKTAy TemmeparypacbiHa coiikec keneni. KCI kpuc-
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TaJbIHBIH KHUCBIFBIHAA TEPMOCTHMYJIBJICHICH JIFOMUHECICHIIMSICHIHBIH
nerizri makcumymaap 33 K, 50 K, 65 K, 230 K coiikec, Oys1 TyHHEIbACTCH
AJIEKTPOHAAPBIHBIH )KOHE KeHICTiKTe OoliHTeH F- xoHe H-opTanbIkTapbIiHbIH
PEKOMOUMHAIUSACHIHA COMKEC KEee/I.

Tyiiin ce3ugep: cintini ramouArsl Kpuctamnaap, KBr kpucransr, KCl
KPHUCTAJIbI, aKTUBTCHIIPY YHEPTHUACHI, JIyIIUK TeHAeY1, TIOMUHECIICHIINS.

H.H. Kantypuna', 3.K. Aiimaran6erosa’, B. /po3noBcku?,
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OIIPEJEJEHUE MAPAMETPOB HEHTPOB 3AXBATA
TEPMOCTHUMYJINPOBAHHOM JJIOMUHECIEHIIUU B
KPUCTAJIJIAX KBr 1 KC1

Annorauus. Tepmomomunecuentas (TJI) cnexkTpockonusi siBIS€TCS
HauboJiee MOAXOAIIUM METOOM Ui ONpEesICHUs] YPOBHEH JIOBYIIEK B
3alpEeIlIeHHbIX 30HAaX KPHUCTAIOB. YPOBHH JIOBYIIEK OKAa3bIBAIOT 3HAUM-
TEJIbHOE BIUSHHUE HA JUIUTEIIBHOCTH JIIOMUHECLEHIIMU. YPOBHM JIOBYILIEK
coJIeprKaT HOCUTENIEH 3apsiia U MPEMSTCTBYIOT UX pEeKOMOMHALINY C LIEHTPOM
JIOMHUHECIICHIIMU; B pe3yJbTaTe JIIOMUHECHEHIMS HE 3aTyxaer. [nmyOunHy
JIOBYILIEK MOKHO OIIPENIENIUTh, UCIIOIb3Ys TEMIIEPATY Py, COOTBETCTBYIOILYIO
KPHUBBIM TEPMOIOMHUHECLEHIINH.

B crarbe mnpexacraBiieHbl pe3ynbTaThl PErvMCTpallid TEPMOCTUMYIIU-
poBanHoi soMuHecueHuu kpucramuioB KCl, KBr u pacuera snepruun
aKTUBAllMM TE€PMOCTUMYJIMPOBAHHOW JIOMUHECUEHIMU. M3mepenus mpo-
BoMWIHCH Tipu Temmeparypax oT 10 go 325 K. B pe3ynwsrare Obutd moy-
YeHbl TEMIEPATypHbIE 3aBUCUMOCTH WHTEHCHUBHOCTU. Pacuersl mpoBo-
JWIACHh 10 Merony Jlylmka ¢ KCIOIb30BaHMEM KOMIIBIOTEPHOM IIpOT-
pammbl MathCad. B cnekrpax kpucramia KBr ecte aBe OCHOBHBIC
MOJIOCHI, IIepBas nojoca npu temneparype okoino 40 K, coorBercTByromas
JIIOMUHECLIEHIIUY aBTOJIOKAJIM30BaHHBIX 3KCUTOHOB, W BTOpas Iojoca -
170 K, cooTBETCTBYET 3aMOpPaKUBAHUIO PAaJUALMOHHOIO OKpallMBAHUS B

101



ISSN 2224-5227 2.2022

TeMIEPaTypPHOM AHana3zoHe, KOrjaa JIbIpKU TEPAIOT TOABUKHOCTb. B KprBOit
TEPMOCTUMYJIMPOBaHHOW JroMuHecneHun kpuctamuia KCl ocHoBHBIE
MakcumMymbl cooTBeTCTBYIOT 33 K, 50 K, 65 K, 230 K, yto cooTrBeTCTBYET
PEKOMOMHAIIMN TYHHEIHPYIOMINX AJIEKTPOHOB U MPOCTPAHCTBEHHO pas-
nenennsbix F- u H-uenTpos.

KaroueBble cjioBa: 1IeJI0YHOTaJOUIHbIE KpUcTauibl, Kpuctami KBr,
kpuctamt KCl, aaeprus akruBanuu, ypaBaenue JIymuka, TIOMUHE CIICHITHS.

Introduction. With thermally stimulated luminescence (TSL), the
energy of external ionizing radiation accumulated in the crystal is converted
into the energy of light quanta (photons) under the action of thermal
excitation, i.e. heating of the crystal (Lushchik et all, 1989). Irradiation of
crystals with light in the ultraviolet or vacuum ultraviolet ranges, X-rays or
gamma rays, corpuscular radiation can lead to light storage, that is, to the
observation of TSL of irradiated crystals. Under the influence of ionizing
radiation, centers are created due to the capture of electrons or holes by
the corresponding traps. After the cessation of external irradiation, when
the crystal is heated, the electron localized in the trap can pass into the
conduction band. As a result of migration through the crystal, such a band
electron can be captured by a hole localized at the center and recombine
with it (transition 2) (Lisitcyn, 2000, Song et all, 1989, Aimaganbetova et
all, 2016). The energy released as a result of recombination is released in
the form of luminescence. This is the thermally stimulated luminescence
of the crystal. In order for the electron to be released from the trap, some
activation energy is needed. It is also a potential barrier for an electron to
enter the conduction band.

Thermoluminescence (TL) spectroscopy is the most appropriate method
to determine trap levels in the band gaps of crystals. The trap levels have
a significant influence on the durability of luminescence. The trap levels
contain charge carriers and prevent their recombination to luminescence
center; as a result, luminescence is delayed. The depth of the traps can be
determined by using the temperature corresponding to the TL curves.

In the present work, we used the activation energy upon the release
of electrons from the traps of KBr and KCI crystals. These crystals are
representatives of alkali halide crystals (Shunkeyev et all, 2016, Lushchik
et all, 2018).

Alkali halide crystals are widely used in solid state electronics, optics,
instrumentation. The use of alkali halide crystals in a wide range of
transparent optical spectral areas, as well as the presence of broadband
luminescence and staining in the centers and high quantum emissions,
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lasers in these media with passive laser impurities and modified neodymium
lasers were identified.

In addition, these crystals have been found to have a high level of stability
when exposed to powerful laser beams, and their long-term storage at room
temperature has aroused interest among scientists.

Research materials and methods. Thermostimulated luminescence
of KBr and KCI crystals was measured at the University of Nicolaus
Copernicus in Toruni (Poland) at a radioluminescence measurement at a
temperature range of 10-325 K (Lushchik et all, 2018, Shunkeyev et all,
2018).

Crystals KBr and KCI were subjected to pre-exposure measurements,
measured the spectrum of X-ray luminescence at room temperature, and
then recorded the spectra of X-ray luminescence at room temperature with
a step of 10 K.

When measuring the spectra of thermimulated luminescence, we observe
the intensity of the substance when heated, that is, when the substance is
heated below its temperature. At the same time, we lowered the temperature
from 325 K to 10 K smoothly, and then recorded the spectra when the
temperature rose to 10 K. When measuring the spectra of thermostimulated
luminescence, the rate of heating of the crystal was set. The results were
obtained in the form of dependence on the intensity of the emission over
time of heating, as well as the degree of curvature of the heating rate
(Bryukvina et all, 2018, Popov et all, 2016, Aluker et all, 1979, Kuzovkov
et all, 2016).

There are several methods for determining the parameters of the centers
of capture. Part of the method uses separate elements of the TSL curve,
others - all curved, and have in touch with this different degree of accuracy.
The Lushchik method was used to measure the activation energy. The
Lushchik method uses the falling high-temperature part of the TSL peak.

Intense maxima are observed in TL curves during crystal heating (Fig.3).
The electrons have enough energy to leave the traps when the crystal is
heated and the electrons that leave the traps return to the luminescene
centers; consequently, recombination radiation occurs. When a formula
that does not depend on the kinetic level is used, the simplest and most
convenient way to find the activation energy is Lustsik’s method:

E:k'TmJ
o

where T _ is the absolute temperature for maximum intensity, k- Boltsman
constant, ¢ - the halfwidth of the peak from the site of higher temperatures.
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Results. Measurement of spectra of thermostimulated luminescence of
KBrandKClecrystalsatalinearrise temperature of 0.13 K/s after the predicted
yield and exposure at fixed temperatures was carried out at a temperature of
10to 325 degrees Celsius. The curvature kinetics of the heating of the crystals
and the dependence of the intensity of thermostimulated luminescence of
the crystals on the heating time were obtained. To calculate the activation
energy of thermostimulated luminescence, we processed graphs in such a
way that curved dependence of the intensity of thermimulated luminescence
from temperature was obtained (Fig. 1).
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Figure 1. Curve of the dependence of the intensity of thermostimulated luminescence on
the temperature of KBr crystal

The following figure shows the curvature dependence of the intensity
of thermostimulated luminescence on the KCI crystal from overheating
temperatures.

120000

160200 ﬂ kQ

L]

Intervidy (arb. w.)

000 ' ‘ |
40002

20002 IM |1,/\

34 o8 130 210 270 124

Tommarsmes (W

Figure 2. Curved dependence of the intensity of thermostimulated luminescence of the
crystal KCI from temperature
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Discussion. From the plot of KBr crystal you can notice two main
bands, the first band at a temperature of about 40 K, corresponding to the
luminescence of self-trapped excitons, which has a high probability of the
transition of the majority of excitons in self-trapped state. A temperature
of about 170 K corresponds to the freezing of radiation staining in the
temperature range, when the holes lose mobility. The glow appears due to
the recombination of electrons with self-trapped holes.

When calculating the activation energy of thermostimulated lumines-
cence, we use the program «Mathcady.

The table below shows the values of the parameters when calculating the
activation energy of thermostimulated luminescence.

When T (K) — maxima, T (K) — temperature on the half width
from one site, T,(K) - temperature on the half width from another site,
om - T(K)- T (K), € -activation energy.

Table 1. The values of the parameters of thermostimulated
luminescence of the crystal KBr.

Ne T_(K) T,(K) T,(K) 8 € (V)
1 42 40 43 3 5%10°2

2 45 44 47 3 0,1*10?

3 166 140 180 40 0,04*10?

4 190 180 210 30 10%10?

In the curved thermostimulated luminescence of KCI crystal, the basic
maximums are 33 K, 50 K, 65 K, 230 K.

The ignition of self-trapped holes in the KCl crystal begins at 33 K, up
to 37 K the ignition is accompanied by luminescence.

Peaks at 25 K, 50 K and 70 K are associated with the tunneling of
electrons from loosely connected traps of electron color centers (F - and
H-centers).

Attemperatures above 230 K in KCl crystal, the process of recombination
of spatially separated F- and H-centers occurs. With further increase in
temperature STE with the structure (F,H )nn can increase the possibility
of bounce diffusion on by the crystal (Shunkeyev et all, 2017, Heller et all,
2018, Kantorski et all, 2016).

Table 2. Parameters of thermimulated luminescence in KCI crystal.

Ne Tm (K) T (K) T,(K) Om € (V)
1 44 43 46 3 5%102
2 48 46 51 5 4*102
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3 55 52 60 8 3*107
220 100 235 135 3*107

Conclusion. The research based on this article was to study the
properties of thermal luminescence in alkali halide crystals and determine
their activation energy using the Mathcad program. In the course of the
work, two different crystals were considered on the basis of research. In
the study of KCI and KBr crystals, it was considered that their activation
energy can be determined by the Lushchik equation, and the general basic
necessary conditions were considered. During the research of this article, it
was observed that the process of temperature luminescence is determined
by the peaks depending on the intensity and temperature of the crystal
under consideration. All research methods and results of the work were
determined based on the results of a study conducted at the University of
Nicolaus Copernicus in Torun (Poland).
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IHAMATH
AHIAPEA JEOHUJTOBUYA KYHULIBIHA

19 ssuBaps 2022 1. Ha 86 TOLy )KU3HU CKOHYAJICSI U3BECTHBIN YUEHBIH, YJIEH
HannoHansHOTro KOMUTETA 110 TEOPETUUECKON U IPUKIIAHON MexaHuke PO
npodeccop Anapeit Jleonunosuu KyHuipH.

Kynuupin A.JL. poguiics 26 nrons 1936 1. 8 Caparose. Tam jxe nmpouuiy ero
nerckue roapl. [Tana 6601 BpauoM. OH norud Ha gpponTe. Bee 3a00ThI 0 chiHe
Jery Ha miedn MaMbl. Pox KyHUIBIHBIX n3BeCTeH ¢ kKoHLA 18-ro Beka. Kupa
BnagumupoBHa noompsiia TATY CblHA K 3HAHUSM U CIIOPTY, BOCIIUTHIBAJIA
BBICOKOMOPSIOYHOTO  FOHOIIY,  OTIMYAIOLIEroCs  MCKIIOYUTEIbHON
yecTHOCTHI0. [IIkomy AHapeli 3akoHYMII ¢ 30J10TOM Menainpio Ha CaxainuHe,
Kylda ero Mama yesxaina paborarb. MHTepec k moneram mpuBen AHIpes
KyHuupiHa B MOCKOBCKUI aBHALlMOHHBIM MHCTUTYT, KyJa OH MOCTYIHJI
B1954 .

ITpuoputeTHOI B 00IIECTBE B TO BpeMsl ObLIa KOCMHYECKasi TEMaTHKA.
Jly4mux BBIYCKHHUKOB By30B pactpeneisuin B coorsercTBytomme OKb. Tak
B 1960 1. A.JI. KyHuipiH Hauan paboTaTh CHENHMAIMCTOM 110 TPACKTOPUIM
CIyTHUKOB M JPYI'MX KOCMHMYECKHMX ammaparoB. MHTepec Kk MpoekTy
camoJIeTa, JIETAIOIIEro Ha BHICOTE OJMIKHEr0 KOCMOCA, IMTPUBETT €r0 K MBICITH
0 He0OXOIMMOCTH AalibHEeHIIeH TeOpeTHUECKOM OATOTOBKU B aCIIMPAHTYpE.
Acnupantypy Kynuusin A.JL. npoxonun nox pykosoactsoM [.B. Kamenkosa
— pextopa MAMU, oxnHoro u3 opranuzatopoB KazaHCKOro aBHaniMOHHOTO
nHctutyTa. Kamenkos I'B. cymiecTBEHHO pa3BUII TEOPUIO yCTOHYMBOCTHU
JlsanyHoBa B kputndeckux ciaydasx. IIpu 3Tom 3a pamkamu paccMOTpeHHs
OCTQJINCh CIIy4al BHYTPEHHEIO PE30HAHCA — HAJIM4YUA LEIOYHUCIECHHOIO
COOTHOUIEHMSI MEXKIY 4aCTOTAMH JIMHEWHON CUCTEMBI.

Hayunsle untepecsl A.JI. KyHunpiHa Ha MHOTO JIET CTajau CBS3aHbI C
Teopuell BHYTPEHHETO PE30HAHCA U €€ IPUIIOKEHUSIMH B 337a4aX MEXaHUKH.
B 70-x rogax mpomuioro Beka HayajloCh MHTEHCHBHOE M3YYEHHME CHCTEM,
KOTOpbIE CO BpeMeHH co3znaHus A.M. JIAnmyHOBBIM T€OpUU yCTOHYHMBOCTHU
BBI3bIBAIM IPUHLUIIMAIBHBIE TPYAHOCTU. TeM HE MEHee, TaKhe CUCTEMBI
UMEIOT BaXHOE 3HAYeHHWE B OOBSICHEHUH PE30HAHCHBIX 3(PPEKTOB,
BCTPEUAIOLIUXCS KaK B IPUPOAE, TaK M B MATeMaTHYECKUX MOJIEISX.
Kynunpsin AJL. momyumn pesynasraTsl JUlsi HaubOosiee BaXKHBIX CIIydaeB
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pEe30HaHCa HU3IIMX MOPSAJKOB JJI1 aBTOHOMHBIX U HEPUOANYECKUX CHCTEM
obmiero Buaa. lccrienoBanus moabITOXeHbI B MOHOTpaduu «HekoTopbie
3a/laud yCTOMYMBOCTU HEJIMHEHWHBIX PE30HAHCHBIX CHUCTEM» (COBMECTHO
¢ TamumossiM JI.T.) u 0030pe «YCTONYMBOCTh B PE30HAHCHBIX CIy4asx»
(coBmectHO ¢ MapkeeBbiM A.I1.). Cerogus B HayuHoMm Mupe ums KyHuiipina
AJL cBs3BIBAIOT C Pa3pabOTKOM TEOPUHM YCTOMYUBOCTH PE3OHAHCHBIX
cucteM o01ero (HeraMmJIBTOHOBOTO) BU/IA.

UccnenoBanust Kynunbsina A.JL. Bcerma ObUIM CBA3aHBI ¢ HEOECHOMH
MEXaHUKOM M KOCMOHAaBTUKOM. Ero paboTel 1O reocralnoHapHOMY
CIYTHUKY, TpPEyroJbHBIM TOYKAM JHOpaly HEOTpaHUYEHHOW 3a7a4uu
Tpex Tej, cTaOWIN3aluu CIYyTHHUKA B KOJUIMHEAPHBIX TOYKAaX TUOpanuu B
cucteMe 3emuis-JIyHa, TBU)KEHHIO Tejla B IPABUTALMOHHO-PENYJIbCUBHOM
nonie (dororpaBUTAIIMOHHAs 3a/laya TpeX TeJ) XOPOIIO H3BECTHHI B
HayyHOM Mmupe. B HeorpannuenHoi 3anade tpex Tena KyHuubiHbiM A.JL
JlaHa TeoMeTpUYecKas WHTEPIIPETAIHs JIsl TPEYTOJIbHBIX TOYEK JIMOpaluu
B HEJIMHEHHON MOCTAHOBKE M IOJYYEHBI PE3yJbTaTbl M0 YCTOMYHUBOCTH.
B ¢dotorpaButaninoHHoOi KpyroBoil 3ajade Tpex Teld ¢ OJHUM U ABYMS
U3IyYaloluMu TedamMu uM (coBmecTHO ¢ TypembaeBbiM A.T.) ymamock
OIHCATh BCE yCTONYMBBIE MHOXKECTBA TOUEK IUOpanuu. B 3Be31H0M TuHAMuKe
OH TIPEJJIOKUI MOJEIb, KOTOPAsl BIIOCJIEACTBUU MO3BOJIMIIA MIPEICKA3bIBATH
CYLIECTBOBAHME TUTAHTCKUX OOJAUHBIX CKOMUIEHWH Mukpouactui. A.JL.
KynuipiH OblT TpU3HAHHBIM ABTOPUTETOM 1O (DOTOrpaBUTALMOHHON
HebecHoit mexaHuke. Ero o630p mo (oTrorpaBUTAllMOHHOM 3aJadye Tpex
ten (coBmectHo ¢ [lomsaxoBoit E.H.) He TepsieT akTyaabHOCTH M TIOHBIHE.
PaGorer A.Jl. KyHunbiHa OTIMYAIOT SCHOCTh IIOCTAHOBKU 3a/1auH,
aHAJIUTUYECKas IIyOMHA U U3ALIECTBO TEOMETPHUECKON HHTEPIPETAIUH.

On aBrop u coaBrop Oonee 100 pabot, Bkiarouas 3 MoOHOrpaduwu.
B 1966 r. Kynuupia A.JL.. 6bu1 npuriamies npod. lesuenko K.H. 8 MUDOU
Ha Kadeapy, e Ha4alu TOTOBUTH CIIEIIMATMCTOB 10 KOCMUYECKOW TEMATHKe.
31ech BO BCEH MOJHOTE MPOSBWICS MEAAaroru4eckuid TtajgaHT AHapes
Jleonnnosuua, ysnekmuii Haykoii Mensenesa C.B., Kpacunsaukosa I1.C.,
[lepexoruna A.A., Txait B.H. — crynenToB crapmux KypcoB. B 3to xe
BpeMsi KaHIUAATCKYIO OuccepTanuio 3amutui Meip3abekoB T.—mepBblit
yuenuk u3 Kazaxcrana. B 1977 r. AJL. KynunsiH BepHyics B ajibMa-
MaTep Ha Kadeapy TEeOpeTHUYECKOM MEXaHMKH, rae padotan mnpodeccopom
0 yxoja Ha mneHcuwo. JJokTopckyr aucceprauuio oH 3amutui B 1980
r. 3Banue mpocdeccopa emy mpucBoeHo B 1983r. B 2006 r. u3bpan B
HaunoHanbHbIi KOMUTET IO TEOPETUYECKON U MPUKIAIHON MexaHuke PD.
Ounnan MAW B r. JIeHMHCK NpHUBIEKAeT TaJaHTIMBYIO MOJIONEKb M3
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Kazaxcrana. B pesynbrare A.JI. KyHUIIBIHBIM CO31aHa Hay4dHas IIKOJIA B
Kazaxcrane. Beero non pykoBonctsom A.JI. Kynuneina B MAU 3ammtunuce
8 yuenbix u3 Kazaxcrana. Bugnseiii npeacraBurens mkonbl Tamumos JLT.
CTal JOKTOpOM Hayk, nmpodeccopom, akagemukoM HAH PK (ckonuancs B
2021 r). B crynenueckue roast A.JI. KyHuIisiH ObU1 U3BECTEH KaK YEMITHOH
MockBbl 1o mTanre, ceiuac B youtube https://youtu.be/WJh7Nrwqq68
CIIyIIAIOT TECHIO Ha ero ctuxu. OH T00MIT eCHHU, HaBESHHBIC IIUPOKUMU
npoctopamu Boury, nen pomanckl. OH NOMIO0MIT Ka3aXCKYIO KYJIBTYPY.

I1.C. KpacunsaukoB (mpodeccop MAU), A.Il. MapkeeB (mpodeccop
M®THN), C.B. Mensenes (mpodeccop MAUN), E.H. Ilonsixosa (mpodeccop
CIIoI'Y), B.H. Txaii (raBusii Hayunbli coTpyaauk UITY PAH, npodeccop),
A.A. Tlepexorun (npodeccop MAU), A.C. Myparos (mpocdeccop FOKVY),
A.T. TypembaeB (npodeccop KY um. KopkbiTr Arta), A.A. Tyskbaen
(nmpodeccop KY nm. KopkeiT ATa).
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